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Solutions of
nonelectrolytes

Solutions

* Solution 1s a mixture of two or more components that
form a homogenous molecular dispersion (one phase).

» [t consists of one or more solutes dissolved in one or
more solvents.

* Solute molecules or ions are “dissolved” and uniformly
distributed in the solvent medium.




Solutions

A true solution is a single phase system.

NaCl and water, ethanol and water

— Form a solution (one phase) = a solution

Talc and water

— Form a suspension (two phase) = not solution

Oil and water

— Form an emulsion (two phase) = not solution

Solutions are composed of:

* Solute: is the substance that dissolves which may be
solid, liquid, or gas.

* Solvent: is the substance that does the dissolving which

may be solid, liquid, or gas.

Solutions
Which the solvent and which is the solute?
* Solvent: component in greater extent.
* Solute: component in minor extent.

» Note: When a solid is dissolved in liquid, it is the solute
irrespective of relative amount.
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Types of Solutions

Solute Solvent  Solution Example

Gas Gas Gas Air (O,in N,)

Gas Liquid Liquid Carbonated beverages (CO, in H,0O)
Swimming pool (CL, in H,0)

Liquid Liquid Liquid Wine (ethanol in H,O)
Vinegar (acetic acid in H,0)
Liquid Solid Solid Dental amalgam for fillings (liquid
mercury in solid silver)
Solid Liquid Liquid Saline (NaCl in H,0)
Sugar in water
Solid Solid Solid 14-karat gold (Ag in Au)
Steel (carbon in iron)

g o e s ~£ 3 Solutions
—+ Non-electrolytes: do not yield ions when dissolved in
bo”ﬂ water; therefore, do not increase electrical conductivity of

we solution (e.g. sugar, some polymers, some drugs).
roohilic | UtFYoms i A o . :
\'D@ P ——/ Electrolytes: form ions in solution; therefore, increase

electrical conductivity (e.g. NaCl). —

ﬁﬂ( m Dissolved ions (NaCl) Dissolved molecules (sugar)
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ﬁ Almaagal University
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Non-electrolytes Electrolytes

Form solutions that don't  Form solutions that

? conduct electricity conduct eletricity
. us Dissolve to form Dissolve to formiong in
A]'\ $&\V-l’\ s a'rL a1 I‘L ¢o : moleculesiin solution solution
Have some effect on Have a greater effect on
ﬁ freezing & freezing &
E/ ‘ Yo 4“ wmwe V4 boiling points of their boiling points of their
. solutions solutions

Examples: Acids, Bases,

Examples: Sugar, alcohols - "'c® 0
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Concentration expressions _3/5‘('&_‘1
s Molarity(M): no. of moles of solute in 1 litre of solution. o0 selubia

Molality (m): no. of moles of solute in 1 kg of solvent.

Normality(N): no. of equivalents in 1 liter of solution.

Mole fraction (X): ratio of number of moles of one

component to total moles of all constituents (solute and
solvent).

Percent by weight (w/w): no. of grams of solute in 100 g
of solution.

Percent by volume (v/v): no. of milliliters of solute in 100
ml of solution.

Percent weight in volume (w/v): no. of grams of solute in
100 ml of solution.
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Ideal solutions
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* Solutions in which there is no change in the properties of- .

the components when they are mixed.

For a mix of molecules of A and B, the interactions
between unlike neighbors (U,z) and like neighbors

U, and Ugg must be of the same average strength; i.e., |

2U, g =Uyus T Ugg

"No heat is evolved or | /
absorbed, the final volume 00000080008
Q0

In an icieal soluton, the
forces between the
solventmolecules . . .

... ae exacly the same as
those between solvent and
solute.

is the sum of the volume of @
the individual components OE)O%C()%C)%(;O%;%%OOO
p ' BP0

O l{}ﬁ" 3 W _’S That means thatit takes the same amount of energy for solvent
Tolecules to break away from the surface in either case
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Ideal solutions

{ Ideall solution:

* E.g.100 ml of ethanol + 100 ml of methanol =
200 ml solution.

\3) No heat 1s evolved or absorbed.
— ——

*Real solution:

ke é’és' E.g.100 ml of sulfuric acid + 100 ml of water =

%"Mw%

180 ml solution.

* Heat is evolved (exothermic).

Ideal solutions
Raoult’s Law

» Cohesive interactions in liquid prevent all molecules
from escaping as a vapor. Disrupting the cohesion
(by increasing T) will increase the tendency of
molecules to escape from the liquid as a vapor.

« When the wvapor pressure equals the external
pressure, the system is said to be in equilibrium, and
the vapor pressure is known as the equilibrium
vapor pressure (P)

» A substance with a high vapor pressure at normal
temperatures is often referred to as/ volatile.




Raoult’s Law:

» The partial vapor pressure of each component in

Ideal solutions

an [ideal solution|is equal to the vapor pressure
of the pure component multiplied by its mole

fraction in the mixture.

P=xp

o L5 X w3

(o-1 <,

PP

Raoult’s Law

X: mole fraction

P?,: vapor pressure of pure solventl
¢!

Ideal solutions ,

For a non-volatile solute, the total vapor pressure
(Pioia) 1s €qual to the vapor pressure of the solvent

(Psolvent) Ol’lly: Ptotal = Psolvent
P, =X P°,
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Ideal solutions

Raoult’s Law

« If components constituting a solution are volatile, each will
produce a partial pressure above the solution, which can be
calculated from Ideal Solutions Raoult’s Law

T

» The total pressure is the sum of the partial pressures of all
the constituents. PR RY-R =5 Ko &) Sy S

[ . 1 —

Ideal solutions

Raoult’s Law CH

» For two constituents, toluene @ © @ @

and benzene:
° Ptol - Ptol° Xtol Ppe ”
* Pben = Pbeno Xben i
+ P total — Ptol + Pben % total
s P, Py, partial vapor ;- benzene o
pressures g P
« P_g P, vapor pressures of —
pure components.
¢ Xio» Xpen: mole fractions 0 X 1

tol»

1 ) - 0
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Ideal solutions

Aerosols and/Raoult’s law

Raoult’s law is important because it allows the calculation of
vapour pressure from a knowledge of the composition of the
solution.

The requirement of the Montreal Protocol in 1989 for the
replacement of chlorofluorocarbon (CFC) propellants in pressurised
metered-dose inhalers with hydrofluoroalkanes (HFAs), because of
the ozone-depleting properties of CFCs, led to a substantial review
of the formulation of these devices as a consequence of major

in physical and chemical properties of these propellants.
The two most widely used HFAs are HFA 227 and HFA 134a.

The vapour pressure of metered dose inhalers determines the
aerosol droplet size and consequently has an important influence on
the efficiency of deposition in the lungs

Ideal solutions

Example: :-”W)"my'{?;""(‘&“

Calculate the| vapour pressure (in @ at 20°C above an aerosol
mixture consisting of 30% w/w of HFA 134a (tetrafluoroethane,
molecular weight 102) with a vapour pressure of 68.4 psig and 70%
w/w of HFA 227 (heptafluoropropane, molecular weight 170) with a

vapour pressure of 56.0 psig. Assume ideal behaviour.

Answer

No. of moles of HFA 134a in 100 g mixture = 30/102 = 0.2941 moles
No. of moles of HFA 227 in 100 g mixture = 70/170 = 0.4118 moles

X135 =0.2941/0.7059 = 0.4166

Xy = 0.4118/0.7059 = 0.5834

P =p°34X134 + PO227X027

P = (68.4 x 0.4166) + (56.0 x 0.5834)
P=61.17 psig = 5.23 x 105 Pa

)

CFe Otwl &
HFA.  ~
Cwpe V¥
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Real solutions

* In real solutions, the attractive forces jare not uniform. |

oo o B N The adhesive attraction of A for B might be less or exceed

idead sjluto- the cohesive attraction between A and A or B and B. (e olz ¥ b
oA | This can happen even if the liquids are completely miscible. | - 2 Y Ssl) | 51 e

Use =0a8 ¥Uge - = _
e Gom | The more dissimilar the nature of A and B, the more| b ()39‘ e ¥
read IS strongly the solution is expected to deviate from ideality. A T ; = 3
Bl Ure & _ ,@W,)//{ﬂ.‘!ﬁ/

et wis) 0 |° These real solutions may not obey Raoult’s law. There can| - _
e ) be negative or positive deviations. ¢ (-’\3 e
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Real solutions

—

ided peiects L5
Partial pressures of components Yol ¢ il #
less than 1n 1deal solution.

attractions  (AB) Ps’
greater than cohesive
attractions (AA and BB).

A holds B back and B holds A

Vapour pressure

P back.
ided ~& ¢~ Total vapor pressure may show
: 5 a minimum.

wr yS [
? . E. .Ecﬁlorofom and acetone
1 g
“ form hydrogen b@s\J

CHCI, - - 0=C(CHy), . )’:: !
e el 61 =61 FE |
o
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Real solutions

Py

Partial pressures greater than

_ in ideal solution. . ves! c
V% ; : Ps ey
ohesivg attractions (AA and .
BB) greater than adhesive e
attractions (AB). 2 (3 j “

A_disrupts B cohesion so & v N
egsier for B to escape and 3 i Ap,°
vice-versa g i <

[~ Total vapor pressure may A "2\
show a maximum o - v y
E.g. CCl4 - MeOH A
Mmellad 1 Xg 0
Caho
VA chleride

V‘ZI{/ SJ(JZ ion
M > 10,. . Ut

J %
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Colligative Properties of Solutions

» Colligative properties are properties of solutions that

ﬁ ‘depend upon the [ratio of the number of solute particles|to

Y . .

bt |, [the number of solvent molecules in a solution,|and not on
N —

———

the type of chemical species present.
N — e~

~ » Colligative properties of solution include:
ey
1. Lowering of vapor pressure
2. Elevation of boiling point <.} v> solbe / 5o ve-d
3. Depres_siilfo?fgg_zing point<,) b, £ sl-te / solve-d

4. Osmotic pressure
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Colligative Properties of Solutions

\Lowering of vapor pressure

« When a non-volatile solute is dissolved in a volatile
solvent, the vapor above the solution is provided by the
sotvent only, The solute particles (atoms, molecules or
1ons) at the surface reduce the escaping tendency of the
solvent

 Therefore, the tendency of the solvent molecules to exert
vapor pressure is lowered in the presence of the solute.
- J/

nonolekile
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Colligative Properties of Solutions

Lowering of vapor pressure

» Vapor pressure lowering of a solution depends on the
number ot solute molecules(mole fraction) present in the
solution.

The higher the solute fraction, the lower the vapor

pressure abov olution.

Vapor pressure lowering is the key to all four of the
colligative properties. —

—_—

\) » Colligative properties of solution include:

. e
1. Lowering of 'vapor pressure
. dorf KOG O (BROLpressy
l"/.}’ 2. Elevation of boiling point <, f:ov >

3. Depresgig@gz_zing point<,), }ou <

4. Osmotic pressure

11




Colligative Properties of Solutions

Lowering of vapor pressure

* The change of vapour pressure following the addition of a
nonvolatile solute to a solvent may be determined by
application of Raoult’s law.

e e <
}MW Soll’k‘}ﬂ

-@4— Ny

p=p; =p°x=p° (1 —x;)
P - P1)/ PO =X, = ny/(ny+1,)
p,: the vapor pressure of thwith | solute), pO;
vapor pressure of the pure solvent x,: mole fraction of

solvent(X, = moie fraction of solute;
—

Z

<L uose > Sl
fh"/7/-23

/f'{-}‘n = 2‘/23
N, Suce
L M _ psooy

M

e

Colligative Properties of Solutions

4

(Fo A
What is the relative vapor pressure lowering for a
solution containing 171.2 g of sucrose (MW = 342.3)
in 1000 g of water (MW = 18.02)7?

AP/ P,°=mn,/ (0, +n,)

n=m/MW

Moles of water =n; = m;/MWt, = 1000/18.02 = 55.5
Moles of sucrose = n, = m,/MWt, = 171.2/342.3 = 0.5
AP/P,°=n,/(n; +n, = 0.5/(55.5+0.5) = 0.0089

The vapor pressure of this solution has been lowered
0.89% by sucrose

Lowering of vapor pressure: Example

v slf

Wﬂ.}df‘” So[l)(’,"l}
W = [0DD 4
Um = (3ol
n, Wﬂ/’h"
5519

\

12

Ne _D. 5
= — -
Cn,"y\ﬁs 0-5 « 555
200089 g |po = H.89X
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Colligative Properties of Solutions

Boiling Point Elevation

* Normal Boiling Point: is the temperature at which the
vapor pressure (P) of the liquid becomes equal to the
atmospheric pressure.

» Presence of solute particles lower the vapor pressure of
the solution (we need to increase temperature to increase p
to make it boil).

» The boiling point of a solution (T) is higher than that of
the pure solvent alone (T°) /

) 2o 2

So\uﬂ'u’o"‘ bl_/r‘// j‘vb’j (/ L‘UM_B N\ﬂ( d_‘_

PN S P Y Sload WS 1) Se
Wl BP gz WL RES

‘B)O S»IJ;D«» > BP Soluesd

Colligative Properties of Solutions

Boiling Point Elevation

O
N

E

ole

System A System B
In system A, the liquid particles easy In system B, the sohute particles prevent
int as phase at the normal

shift the liquid particles from escaping the
boiling S L ACIe Arc 0 system to turn into gas. This requires
) obstacles for the liquid particles as P RS 5 oGRS e ST
there is in System B. Beoonmi 5 o
6) g
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Pressure (mm Hg)

Solution =2

T \j w”
Temperature @_VQ—/‘/Jb 0\9/@9

Lo it ¥ SV T AT,

Boiling point elevation of solvent due to the addition of a solute

Colligative Properties of Solutions

Boiling Point Elevation
* The boiling point elevation, AT, is estimated by this

equation. builig
ATg= Ky fn)
T-T,= AT,

+ K,: molal elevation constant (ebullioscopic constant)
* m: molality
“ e *

by
noslde A": 6

\ V‘ﬂ Solvedt
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Colligative Properties of Solutions
o ;.(99 g wloGe

e
An aqueous solution of a drug gave a boiling point
elevation of 0.103 °C. Approximate Kb (ebullioscopic
constant) for the solvent, water is 0.515 deg.kg/mol.

m,?“a. What is the molality of the drug?

Boiling Point Elevation: Example

b. If the Mwt of the drug is 185, what is the
concentration in % w/w?
AT, =K, m . , ;
S AT, w29ty a B sk
- =0.103/0.515=0.2 mol kg = 0.0002 mol g
r

% w/w=m x M.wt
¥ w2 < =0.0002 x 185
=0.037g/g=3.7g/100¢g

(b0

UI,'\,(,\;G,'/_’ ))?)4‘

Colligative Properties of Solutions
Depression of the Freezing Point

B Solute particles will lower the freezing point of the
solution

The freezing point of|pure water is 0°C| but freezing point
of aqueous solutions is lower WLy
[

Applications:
— Anti-freeze solution (ethylene glycol)

— Addition of salt to icy roads to melt the ice

Solute interferes with ice crystal formation (ordered
structure).

Solute causing random state) preventing pure

solvent to ice at 0°C and staying melted.

15




P! Colligative Properties of Solutions

—T)epression of the Freezing Point

woler Lene f n | © The lowering of the freezing point of a solution is directly
proportional to the molar concentraton of the solute (i.e.
number of particles in solution, (molecules or ions).

ATgf Kim

(e
AT;: Freezing point depression

K;: Cryoscopic constant

m: molality of solution

Colligative Properties of Solutions

Depression of the Freezing Point

—

Wapor pressure of
el oty

Pressure (atm)

" WVapor pressure
of the 0l0101

Solvent

Var, ! memrg

P> - point

0 L1~
So'_uﬁon/ \/,;, Teraperature (°C)
freezing O Lb"
pomt . |

~207>" .

S .

W
QA 3
32
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Colligative Properties of Solutions

Depression of the Freezing Point: Example

What is the freezing point of a solution comprising
3.42 g of sucrose (MW = 342) and 500 g of water?

Take kf to be 1.86 (°C kg mol-1) = 0.5 @

CE—
ATf=Kfm
<~~m = molality of sucrose
_no.ofmole . W/MW _ 3.42/342
=0.02 mol kg-!
Wisovent  Wsotvent 0.5 il
AT, = K, m = 1.86 x 0.02 —(0.037 °C{(i.e. ATy, freezing

point depression)
Hence, the freezing point of this solution is —0.037 °C as
(pure water T;= 0 °C)

This solution will stay melted at temp of 0 °C
ol

—
sl

5

z

n

W VAR SR wt @
ol Py

d)b;)’ﬂyl/

Colligative Properties of Solutions
Osmotic pressure s Ladl Ais
* Whenever a solution is separated from a solvent by a
membrane that is permeable only to solvent |m01ecu1es

(referred to as a semupermeable membrane), there is a
A4 passage of solvent across the membrane into the solution.

* This is the phenomenon of osmosis.
Airp w2
» If the solution is totally confined by a semipermeable
membrane and immersed in the solvent, then a pressure

differential develops across the membrane, which is

referred to as the losmotic pressure.)

17
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Colligative Properties of Solutions
Osmotic pressure
* Osmotic pressure is determined by the total number of
particles in the solution, regardless of chemical nature

» Van’t Hoff recognized a proportionality between osmotic
pressure concentration and temperature and suggested a
relationship that corresponds to an ideal gas: 6637

av=nRT = Van’t Hoff equation: 7= c\’R T ]
nt: Osmotic pressure in atmospheres Pl il arky
¢: molarity of solution
R: Gas constsant (0.082 L.atm/mol.deg)
T: Absolute temperature

Colligative Properties of Solutions

Osmotic pressure

* Morse and others have shown that when the concetration
is expressed in molality rather than in molarity, the results
compare more nearly with the experimental findings:

Morse equation: a=mRT

n: Osmotic pressure in atmospheres

m: molality of solution

R: Gas constsant (0.082 L.atm/mol.deg)
T: Absolute temperature
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Van’t Hoff equation: wn=cRT . ,\p\'f:"\-;")\'/
Morse equation: a=mRT -~

3

N\

Colligative Properties of Solutions

Osmotic pressure: Example R

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

K AN GEA
Answer

Number of moles of sucrose = Wt/M.wt = 1/342 = 0.0029
Molality = number of moles/kg = 0.0029/1kg =2.9x10~ m
n=mRT

T=273+25=298 K

T =2.9%x103x0.082x298 = 7.08x10-2 atm

Molecular weight determination

* The colligative properties can be used to calculate
molecular weights of non-electrolytes present as @

Determination of molecular weight by boiling point
elevation
H':/M: l()()()n'g

= m = x 1000 =
AT, = K,m —> W) i Ma
1000w,
& A=k,
W|1Wg

= weight of solvent, M, = molecular weight of Solute

—

1000w

ﬂ([: == Kh

W, = weight of solute, W,
_—

| /
'

_0.60 27
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Molecular weight determination

EXAMPLE 5-15
Determination of the Molecular Weight of Sucrose by Boiling
Point Elevation soload

sabe
A solution containing 10.0 g of sucrose dissolved in 100 g of water
has a boiling point of 100.149°C. What is the molecular weight of

sucrose? We write 1 7 22
Ao — 0,51 5 1000 X 10.0 ¢
s 100 x 0.149
= 342 g/mole

Molecular weight determination

* Determination of molecular weight by
freezing point depression

1000w 4
» = Ky -
M lAT}w
EXAMPLE 5-16
Caleulating Molecular Weight Using Freezing
Point Depression

The freezing point depression of a solution of 2.000 g of 1.3-
dinitrobenzene 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

1000 x 2.000
=&y SREVN_ gegh
W " .6095 x 100.0 it
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Solutions of electrolytes

\ “C(?_,

Solutions of electrolytes

* An electrolyte is a substance that ionizes when dissolved in suitable

. . . —
olvents such as water.
o Macl

« This includes mosti soluble salts, acids, and bases.|

* Electrolytes in solution have the capacity to conduct electricity
through a process known as electrolysis

. Electrolytes can be classified as sfrong e]ectfolytes and weak

 electrolytes. NN =

» Strong electrolytes ionize completely (~100%), while weak
electrolytes ionize only_partially (1-10%).

Strong Jj Weak None

Ylmdcd"’jg ¥
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Solutions of electrolytes

* Electrolytes in solution have the capability to conduct electricity
through a process known as e ectro ySJS Y M 2

Battery

o

Solutions of electrolytes
* Strong electrolytes includes strong acids (e.g.HNOs;), strong bases
(e.g. NaOH), and most salts (e.g. KCl).
we®
o s = & il ;
gt <7 . B — AV
— =+ A5 Hydrogen ﬁ
3/4/.}’ 1~ Nitric Acid o H i DA d
Bho\“ I \ W,\/\) . _ )
A e O + @ =
skred oeae <ot S
@ - O + e
Potassium Potassnnn Chiloride
Chloride Ion lon L
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Solutions of electrolytes

* Weak electrolytes include weak acids (e.g. CH;COOH), weak bases
(e.g. NH,), and slightly soluble salts (e.g. AgCl).

-

— + -
*® — + @0
Hydrocyanic Hydrogen CyanideC?— !_)"

Acid lon p~ -

9 — @ - @

Ammonium Ammonium Hydroxide

Hydromde lon fon_

@0 = O o

@

Mercuric Mercuric \J

Chloride lon Chloride
lons

P

—

Colligative properties

Van't Hoff observed that the osmotic pressure (m) of dilute
solutions of | nonelectrolytes |such as sucrose and urea, can be
expressed by the equation: -

7=RTc

* R: Gas constant, T: absolute temperature, c: concentration in
mole/L

* However; he found that solutions of electrolytes gave osmotic

pressures approximately two, thr nd more times larger than
expected from this equation. O | Sy

Van't Hoff Introduced a correction factor (i) to account for the
irrational behavior of ionic solutions, he wrote:

7 =IRTc
The (1) factor approximately equals the number of ions formed
upon dissociation (e.g. 2 for NaCl, 3 waIZ, and 4 for FeCl,).
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Fig. 6-5. van'’t Hoff ifactor of representative compounds.
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Example: [/;1 \C (

What’s the osmotic pressure of a 2.0 m solution of sodium chloride at
20°C? — A m

Answer: the i1 factor for a 2_m solution of sodium chloride as
observed in the figure is about 1.

n=1RTm
=1.9*%0.082*293*2=91.3 atm
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