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A solution is a mixture in which substances are intermixed so
intimately that they cannot be observed as separate components.
The dispersed phase or the substance which is to be dissolved
is called solute, while the dispersion medium in which the
solute is dispersed to get a homogenous mixture is called the
solvent. And the Solubility of a substance may be defined as
the amount of solute dissolved in 100gms of a solvent to form a
saturated solution at a given temperature.

A saturated solution is a solution which contains at a given
temperature as much solute as it can hold in presence of
dissolve ding solvent. Any solution may contain less solute
than would be necessary to saturate it. Such a solution is
known as unsaturated solution. When the solution contains
more solute than would be necessary to saturate it then it is
termed as supersaturated solution.

Aqueous-solution reactions can lead to the formation of a solid,
as when a solution of potassium chromate (K,CrOy) is added to
an aqueous solution of barium nitrate Ba[NO;], to form solid
barium chromate (BaCrO,) and a solution of potassium nitrate
(KNO3). This reaction is described in the essay on Chemical
Reactions.

We have primarily discussed liquid solutions, and in particular
aqueous solutions. It should be stressed, however, that
solutions can also exist in the gaseous or solid phases. The air
we breathe is a solution, not a compound: in other words, there
is no such thing as an “air molecule” Instead, it is made up of
diatomic elements (those in which two atoms join to form a
molecule of a single element); monatomic elements (those
elements that exist as single atoms); one element in a tri-atomic
molecule; and two compounds.

The “solvent” in air is nitrogen, a diatomic element that
accounts for 78% of Earth's atmosphere. Oxygen, also diatomic,
constitutes an additional 21%. Argon, which like all noble
gases is monatomic, ranks a distant third, with 0.93%. The
remaining 0.07% is made up of traces of other noble gases; the
two compounds mentioned, carbon dioxide and water (in
vapour form); and, high in the atmosphere, the tri-atomic form
of oxygen known as ozone (O3).
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The most significant solid solutions are alloys of metals,
discussed in the essay on Mixtures, as well as in essays on
various metal families, particularly the Transition Metals.
Some well-known alloys include bronze (three-quarters copper,
one-quarter tin); brass (two-thirds copper, one-third zinc);
pewter (a mixture of tin and copper with traces of antimony);
and numerous alloys of iron-particularly steel-as well as alloys
involving other metals.

Kinds of Solutions: All the three states of matter (gas, liquid
or solid) may behave either as solvent or solute. Depending on
the state of solute or solvent, mainly there may be following
nine types of binary solutions. Among these solutions the most
significant type of solutions are those which are in liquid phase
and may be categorised as:

* Solid in liquid solutions,

* Liquid in liquid solutions

* @as in liquid solutions.

Table 3.1: Solvent, Solute and Example

Solvent | Solute | Example

Gas Gas Mixture of gases, air.

Gas Liquid | Water vapours in air, mist.

Gas Solid Sublimation of a solid into a gas, smoke.

Liquid Gas CO, gas dissolved in water (aerated drinks).

Liquid Liquid | Mixture of miscible liquids, e.g., alcohol in water.

Liquid Solid Salt in water, sugar in water.

Solid Gas Adsorption of gases over metals; hydrogen over
palladium.

Solid Liquid Mercury in zinc, mercury in gold, CuSO4.5H,O

Solid Solid Homogeneous mixture of two or more metals
(alloys), e.g., copper in gold, zinc in copper.

Water and oil and immiscible due to their respective molecule
structures, and hence their inherent characteristics of
intermolecular bonding. Water molecules are polar, meaning
that the positive electric charge is at one end of the molecule,
while the negative charge is at the other end. Oil, on the other
hand, is non-polar-charges are more evenly distributed
throughout the molecule. The immiscible quality of oil and
water in relation to one another explains a number of
phenomena from the everyday world.

The dispersion of two substances in an emulsion is achieved
through the use of an emulsifier or surfactant. Made up of
molecules that are both water-and oil-soluble, an emulsifier or
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surfactant acts as an agent for joining other substances in an
emulsion. The two words are virtually synonymous, but
“emulsifier” is used typically in reference to foods, whereas
“surfactant” most often refers to an ingredient in detergents and
related products.

In an emulsion, millions of surfactants surround the dispersed
droplets of solute, known as the internal phase, shielding them
from the solvent or external phase. Surfactants themselves are
often used in laundry or dish detergent, because most stains on
plates or clothes are oil-based, whereas the detergent itself is
applied to the clothes in a water-based external phase. The
emulsifiers in milk help to bond oily particles of milk fat
(cream) and protein to the external phase of water that
comprises the majority of milk's volume.

Colligative Properties: Certain properties of dilute solutions
containing non-volatile solute do not depend upon the nature of
the solute dissolved but depend only upon the concentration
i.e, the number of particles of the solute present in the
solution. Such properties are called colligative properties.

= Lowering of vapour pressure of the solvent.

* Osmotic pressure of the solution.

= Elevation in boiling point of the solvent.

= Depression in freezing point of the solvent.

Since colligative properties depend upon the number of solute
particles present in the solution, the simple case will be that
when the solute is a non-electrolyte. In case the solute is an
electrolyte, it may split to a number of ions each of which acts
as a particle and thus will affect the value of the colligative
property. Each colligative property is exactly related to other;
Relative lowering of vapour pressure, elevation in boiling point
and depression in freezing point are directly proportional to
osmotic pressure.

Vapour Pressure: The pressure exerted by the vapours above

the liquid surface in equilibrium with the liquid at a given

temperature is called vapour pressure of the liquid. The vapour
pressure of a liquid depends on:

= Nature of Liquid: Liquids, which have weak intermolecular
forces, are volatile and have greater vapour pressure. For
example, dimethyl ether has greater vapour pressure than
ethyl alcohol.

* Temperature: Vapour pressure increases with increase in
temperature. This is due to the reason that with increase in
temperature more molecules of the liquid can go into
vapour phase.

www.aepstudycircle.com B

*  Purity of liquid: Pure liquid always has a vapour pressure
greater than its solution.

Raoult’s Law: When a non-volatile substance is dissolved
in a liquid, the vapour pressure of the liquid (solvent) is
lowered. According to Raoult’s law (1887), at any given
temperature the partial vapour pressure (p,) of any
component of a solution is equal to its mole fraction (X,)
multiplied by the vapour pressure of this component in the
pure state (py). Thatis, p,=p) xX,

The vapour pressure of the solution (P, is the sum of the
partial pressures of the components, i.e., for the solution of two
volatile liquids with vapour pressures p,and py.

Py =Pa +Pp = (PR x X, ) +(p5x Xp)

Relative lowering of vapour pressure is defined as the ratio of
lowering of vapour pressure to the vapour pressure of the pure
solvent. It is determined by Ostwald-Walker method.

Thus according to Raoult’s law, PP = .
pPP n+N W W

m M

+ BIl=

Where, p = Vapour pressure of the solution

p” = Vapour pressure of the pure solvent

n = Number of moles of the solute

N = Number of moles of the solvent

w = and m = weight and mol. wt. of solute

w and = M weight and mol. wt. of the solvent.

Limitations of Raoult’s Law

* Raoult’s law is applicable only to very dilute solutions.

* Raoult’s law is applicable to solutions containing non-
volatile solute only.

* Raoult’s law is not applicable to solutes which dissociate or
associate in the particular solution.

Table 3.2: Ideal and Non-ideal Solutions

Ideal solutions Non-ideal solutions

Positive deviation
P from Raoult's law
Total vapour

Negative  deviation
from Raoult's law

o

E PA pl P Total vapour |
7 g P\ N
2 g g
E z 2
. - .
> g g 4
Mole fraction 2 & i ‘I‘ s
2=l =0 Mole fract?zn Mole fraction
%=0 =1 =1 2=l =l 7.=0
X =0 =0 =0 In=1
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Obey Raoult's law at

Do not obey Raoult's

Do not obey Raoult's

interactions should be
same, i.e.,'A"'and 'B' are
identical in shape, size
and character.

should be weaker than
A-A  and B-B
attractive forces. 'A'
and 'B' have different
shape, size  and
character.

every  range of | law. law.
concentration.
AH . =0;  neither | AH__>0.Endotherm | AH__<0.
heat is evolved nor | ic dissolution; heat is | Exothermic
absorbed during | absorbed. dissolution; heat is
dissolution. evolved.
AV, =0; total AV, >0.Volume is | AV, <0. Volume is
volume of solution is | increased after | decreased during
equal to sum of | dissolution. dissolution.
volumes  of  the
components.
P=pr*pe Pa > PaXs Pa <PAX.;
=piX, +ppX 5

Pa&a +Pplp Ps > PiX, Ps <PXp
ie,py=pX, P ; . -

A AN “EB 5 Py +Pg > P Pa P <

=Xy X, +peXs PaXa +PaXsp

A-A, A-B, B-B | A-B attractive force | A-B attractive force

should be greater than
A-A and B-B
attractive forces. 'A'
and 'B' have different
shape, size  and
character.

Escaping tendency of
'A" and 'B' should be
same in pure liquids
and in the solution.

'A' and 'B' escape
easily showing higher
vapour pressure than
the expected value.

Escaping tendency of
both components 'A'
and 'B' is lowered
showing lower vapour
pressure than expected
ideally.

Examples: Dilute
solutions; benzene +
toluene: n-hexane + n-
heptane; hlorobenzene
+ bromobenzene; ethyl
bromide+ ethyl iodide;
n-butyl chloride + n-
butyl bromide

Examples: Acetone +
ethanol acetone + CS,:
water + methanol;
water + ethanol; CCL+
toluene; CClLi+CHCL; ;
acetone + benzene;
CCI4+CHJOH;

cyclohexane + ethanol

Examples: Acetone +
aniline; acetone +
chloroform; CH;0H +
CH;COOH; H,O0 +
HNOschloroform  +
diethyl ether; water +
HCI; acetic acid +
pyridine; chloroform +
benzene

Osmotic Pressure (m): The osmotic pressure is a colligative
property. For a given solvent the osmotic pressure depends
only upon the molar concentration of solute but does not
depend upon its nature. The following relation relates osmotic

pressure to the number of moles of the solute,

According to Boyle Van't

Hoff law (at conc. temp.) 7 o< C

According to Gaylussac Van't

Hoff law (at conc. temp.) 7 o T

From equation (i) and (ii) we get 7 o« CT

7 =CRT (Van't Hoff equation)

g ="RT (
v

c=£}
\Y
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(i)

. (i)

w RT ) w
ZE (o)
Here, C = concentration of solution in moles per litre
R = gas constant
T = temperature
n = number of moles of solute
V = volume of solution
m = molecular weight of solute
w = weight of solute

Relation of Osmotic Pressure with Different Colligative
Properties: Osmotic pressure is related to relative lowering of
vapour pressure, elevation of boiling point and depression of
freezing point according to the following relations,

(a) nz[—PX‘PA]de—T

X M

() =Tt
1000xK,

(c) m=AT,x .
1000xK,

In the above relations,
7= Osmotic pressure
d = Density of solution at temperature T
R = Universal gas constant
M = Mol. Mass of solute
K, = Molal elevation constant of solvent
K= Molal depression constant of solvent

Isotonic, Hypertonic and Hypotonic Solutions

= Isotonic or iso-osmotic solutions: Two solutions of different
substances having same osmotic pressure at same temperature
are known as isotonic solutions.

For isotonic solutions, 7, = 7, Primary Condition . . .(7)
Also, C, =G,

L.

or =—=
V| VZ

Secondary Conditions

W, W,

or

mV, m,V,

. (i)

Equation (ii) holds good only for those solutes which neither
possess the tendency to get associate nor dissociate in
solution, e.g.,

Urea and glucose are isotonic then, 7, = 7,and C, = C,

Urea and NaCl are isotonic then, 7, = z,but C, #C,

(dissociate)

Urea and Benzoic acid are isotonic then, m, = 7, but C, #C,

(associate)
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* Hypertonic and hypotonic solution: The solution which
has more osmotic pressure than the other solution is called
as hypertonic solution and the solution which has lesser
osmotic pressure than the other is called as hypotonic
solution. The flow of solvent is always from lower osmotic
pressure to higher osmotic pressure i.e. from hypotonic to
hypertonic solution.

Ebullioscopy: Elevation in boiling point is determined by
Landsberger’s method and Cottrell’s method. Study of elevation
in boiling point of a liquid in which a non-volatile solute is
dissolved is called as ebullioscopy.

Boiling point of a liquid may be defined as the temperature at
which its vapour pressure becomes equal to atmospheric
pressure, i.e, 760 mm. Since the addition of a non-volatile
solute lowers the vapour pressure of the solvent, solution
always has lower vapour pressure than the solvent and hence it
must be heated to a higher temperature to make its vapour
pressure equal to atmospheric pressure with the result the
solution boils at a higher temperature than the pure solvent.
Thus sea water boils at a higher temperature than distilled
water. If Ty is the boiling point of the solvent and T is the
boiling point of the solution, the difference in the boiling point
(AT or ATy is called the elevation of boiling point.

T-Ty, = AT, or AT

Important Relations Concerning Elevation in Boiling Point
= The elevation of boiling point is directly proportional to the

lowering of vapour pressure, i.e., AT, « p’ —p
* AT =K,xm
Where Ky= molal elevation constant or ebullioscopic
constant of the solvent; m = Molality of the solution, i.e.,
number of moles of solute per 1000g of the solvent; AT, =
Elevation in boiling point
_1000xK, xw
T mxW
where, K, is molal elevation constant and defined as the
elevation in bpt. produced when | mole of the solute is
dissolved in 1 kg of the solvent. w and W are the weights of
solute and solvent and m is the molecular weight of the solute.
~0.002(T,)’

I,

_1000x K, x w
AT, xW

= AT

b

L] Kb

where Ty= Normal boiling point of the pure solvent; 1,=
Latent heat of evaporation in cal/g of pure solvent; K, for
water is 0.52 deg — kg mol ™.

<7 5 *
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Cryoscopy: Depression in freezing point is determined by
Beckmann’s method and Rast’s camphor method. Study of
depression in freezing point of a liquid in which a non-volatile
solute is dissolved in it is called as cryoscopy.

Freezing point is the temperature at which the liquid and the
solid states of a substance are in equilibrium with each other or
it may be defined as the temperature at which the liquid and the
solid states of a substance have the same vapour pressure. It is
observed that the freezing point of a solution is always less
than the freezing point of the pure solvent. Thus the freezing
point of sea water is low than that of pure water. The
depression in freezing point (AT or ATy) of a solvent is the
difference in the freezing point of the pure solvent (T;) and the
solution (Ty,).
Ts—Tg =ATgor AT

NaCl or CaCl, (anhydrous) are used to clear snow on roads.
They depress the freezing point of water and thus reduce the
temperature of the formation of ice.

Important Relations Concerning Depression in Freezing Point
* Depression in freezing point is directly proportional to the

lowering of vapour pressure. AT, o« p” —p

* ATy = Kf x m where K¢ = molal depression constant or
cryoscopic constant; m = Molality of the solution (i.e., no.
of moles of solute per 1000g of the solvent); AT; =
Depression in freezing point

e AT:IOOOXfow _1000x K, xw
' mx W AT, xW

Where K; is molal depression constant and defined as the

depression in freezing point produced when 1 mole of the

solute is dissolved in 1 kg of the solvent. w and W are the
weights of solute and solvent and m is the molecular weight
of the solute.
_R(T))*  0.002(T,)’
"1,1000 I,

Where T, = Normal freezing point of the solvent; /; =Latent

heat of fusion/g of solvent; K; for water is 1.86 deg—kg

mol™

Colligative Properties of Electrolytes: The colligative properties
of solutions, viz. lowering of vapour pressure, osmotic
pressure, elevation in b.p. and depression in freezing point,
depend on the total number of solute particles present in
solution. Since the electrolytes ionise and give more than one
particle per formula unit in solution, the colligative effect of an
electrolyte solution is always greater than that of a non-
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electrolyte of the same molar concentration. All colligative
properties are used for calculating molecular masses of non-
volatile solutes. However osmotic pressure is the best colligative
property for determining molecular mass of a non-volatile
substance.

Van’t Hoff’s Factor (i): In 1886, Van’t Hoff introduced a
factor “i” called Van’t Hoff’s factor, to express the extent of
association or dissociation of solutes in solution. It is ratio of
the normal and observed molecular masses of the solute, i.e.,

_ Normal molecular mass
Observed molecular mass

In case of association, observed molecular mass being more
than the normal, the factor i/ has a value less than 1. But in case
of dissociation, the Van’t Hoff’s factor is more than 1 because
the observed molecular mass has a lesser value than the normal
molecular mass. In case there is no dissociation the value of ‘i’
becomes equal to one.

Since, colligative properties are inversely proportional to
molecular masses, the Van’t Hoff’s factor may also be written
as,

Observed value of colligative property

Calculated value of colligative property assuming no
association or dissociation

_No. of particles after association or dissociation
No. of particles before association or dissociation

Introduction of the Van’t Hoff factor modifies the equations for
the colligative properties as follows,

0

ATCA s
—(—IXB

A

Relative lowering of vapour pressure =

Elevation of boiling point, AT, =ik,m
Depression in freezing point, AT, =ik ,m

. inRT ;
Osmotic pressure, 7 = T;I[ =jCRT
From the value of ‘/’, it is possible to calculate degree of
dissociation or degree of association of substance.

Degree of Dissociation(a)
It is defined as the fraction of total molecules which dissociate
into simpler molecules or ions.

-1 s a s ;
a= '—ll m = number of particles in solution

m p—

Degree of Association (a): It is defined as the fraction of the
total number of molecules which associate or combine together
resulting in the formation of a bigger molecules.

i-1

a= T ; m = mumber of particles in solution.
m -
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Note

All colligative properties are used for calculating molecular
masses of non-volatile solutes. However osmotic pressure is the
best colligative property for determining molecular mass of a non-
volatile substance.

(1) In case of non-electrolyte (glucose, sugar, urea etc), the
value of colligative property depends directly on the concentration.
If the substance is an electrolyte [NaCl, BaCl, etc], it dissociation

to colligative property depends upon concentration of ions [e.g.
—-0.1 MNaCl=0.2 M ions, 0.1 M BaCl, =0.3M ions].

(i1) iy, po,) — Highest (It give max. ions)

(“1) i(ass;ocali(m) <i(dissocialinn)'
(iv) For 0.1 M solution, the colligative property will follow the
order NaCl < Na,SO, < Na,PO,.

(v) 1 M has higher concentration than 1 m (aq. Solution).
(vi) Mole fraction of any component in the vapour phase

_ Partial V.P. of that component
Total vapour pressure

s M
(vil) D= v

(viii) Ethylene glycol (anti freeze) lowers the F. Pt.

(ix) o= 1 [For 100% dissociation of solute]

(x) Camphor has the maximum value of K,(39.7°) (Maximum
F. P. falls in camphor).

(xi) For water, K, =0.52; K, =1.86’

(xi1) K¢ and Ky not colligative property.

(xiii) Relationship between different colligative properties

0
* 7 with relative loweringof V.P.; 7 = P\ Op dRT, 2
PA MB
where d=density of the solution at temperature T

*» n with AT,; 7=AT, x dnt .

1000K,
* 7 with AT, ; 7=AT, x gRz

1000K,

AT, with relative lowering of V. P. ;

0
aT, <J00K, (IR,
MA PA
0_
aT, <1000k (PP, )
MA PA

(xiv) Plasmolysis: When a plant cell is placed in a hyper tonic
solution, the fluid from the plant cell comes out and cell
shrinks. This phenomenon is called plasmolysis and is
due to osmosis.
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Causes of solubility: The following types of forces of attraction are operated when a solute is mixed
with a solvent:

(i) Inter-ionic attraction in the solute molecules: Ions are held together in the lattice due to
electrostatic forces. Due to these forces molecules are stabilised and the energy released is called
lattice energy. This is defined as the energy released when 1 g mole of the compound is formed
due to electrostatic attraction between the ions.

(ii) Inter-molecular attraction between solvent molecules: Water is a polar solvent because of the
difference in electronegativity between hydrogen and oxygen atoms constituting water molecule.
This difference gives rise to the development of a slight negative charge on oxygen and equal
positive charge on hydrogen. A dipole is thus created giving rise to dipole—dipole attraction
between water molecules.

(iii) Solvation: It represents force of attraction between solute and solvent molecules. If the solvent is
water then the energy released is called hydration energy.
If hydration energy > lattice energy, then solution is easily formed. Both the ions of the solute get
hydrated to overcome the lattice energy of the solute.

(iv) Temperature: Saturated solution represents equilibrium between undissolved solute and dissolved
solute.
Undissolved solute + Solvent —— Solution A H =+x

If Ay, H <0, i.e., (—ve), the dissolution is exothermic. In this case, as the temperature increases,
solubility decreases (Le Chatelier’s principle).

If Ay, H >0, ie., (+ve), there is endothermic dissolution. In this case, increase in temperature
increases the solubility (Le Chatelier’s principle).

(b) Liquid-liquid solutions: When two liquids are mixed, three different situations result:

(/) Miscible liquids: The two components are completely soluble. They are miscible only when they
have similar nature or belong to the same homologous series. Example: water and alcohol (both
polar), benzene—toluene (both belong to the same homologous series). There is a rule:

Like dissolves like — Polar solute is soluble in polar solvent and a non-polar one in a non-polar
solvent.

(@i) Partially miscible liquids: This happens only when the intermolecular forces of one liquid
is greater than that of the other is. Solubility, however, increases with increasing temperature.
Examples: aniline-water, phenol-water.

(iii) Immiscible liquids: Two components are completely immiscible. This happens when one liquid
is polar and the other is non-polar. Examples: Carbon tetrachloride-water; chloroform-water.
(¢) Gas-liquid solutions: The gases are generally soluble in water and to a limited extent in other solvents
too. Solubility, however, depends on the following factors:

(/) Nature of gas: Easily liquefiable gases are generally more soluble in common solvents.

(ii) Nature of liquid: Those gases which easily form ions in solution are more soluble in water than
in other solvents. lon formation in other solvents is not an easy process.

HCl(g) + H,0()) === H;0"(ag) + Cl'(aq)
(iii) Pressure: Pressure is an important factor affecting the solubility of gas in liquids. This is governed
by Henry’s law.

(iv) Temperature: With rise in temperature, the solubility generally decreases because gas is expelled.
Some gases, however, find their solubility increased at a higher temperature.

= Henry’s law: It states that at a constant temperature, the solubility of a gas in a liquid is directly
proportional to the pressure of the gas.

The most commonly used form of Henry’s law states that the partial pressure (p) of a gas in vapour

phase is proportional to the mole fraction of the gas (x) in the solution and is expressed as

p=K;x
Here Ky, is the Henry’s law constant and x is the mole fraction of the gas.
Note: Mole fraction is discussed in detail further in this chapter.
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Limitations of Henry’s Law:

Henry’s law is applicable only when

@ The pressure of the gas is not too high and temperature is not too low.

@ The gas should not undergo any chemical change.

@ The gas should not undergo association or dissociation in the solution.

Applications of Henry’s Law:

@ To increase the solubility of CO, in soda water and soft drinks, the bottle is sealed under high pressure.

e Toavoid the toxic effects of high concentration of nitrogen in the blood, the tanks used by scuba divers
are filled with air diluted with helium (11.7% helium, 56.2% nitrogen and 32.1% oxygen).

@ At high altitudes, low blood oxygen causes climbers to become weak and make them unable to think
clearly, which are symptoms of a condition known as anoxia.
3. Methods of Expressing Concentration of Solutions:
The concentration of solution is the amount of the solute present in the given quantity of solution or solvent.
It can be expressed in any of the following ways:
(a) Mass percentage (w/w): It may be defined as mass of solute per 100 g of solution.
Mass of solute

Mass% of solute = —x 100
Total mass of the solution

(b) Volume percentage (V/F): It may be defined as volume of solute per 100 mL of solution.

Vol f solut
Volume % of solute = oume o7 Sorute —x 100
Total volume of solution

(¢) Mass by volume percentage (w/F): It may be defined as the mass of solute per 100 mL of the
solution.

Mass by volume % = kst o olule x 100

Volume of solution

(d) Parts per million (ppm): It is the parts of a component per million (10°) parts of the solution.

Number of parts of the component g
ppm = —x10
Total number of parts of all components of the solution

It is convenient to express concentration in ppm when a solute is present in trace quantities.

(e) Mole fraction (x): It may be defined as the ratio of the number of moles of one component (solute or
solvent) to the total number of moles of all the components present in the solution.
If in a solution, 7, and ny are the number of moles of solvent and solute, respectively, then

Mole fraction of solvent in the solution,

L

nA+nB

Xq =

Mole fraction of solute in the solution,

ng

nA+nB

Xp =

In a solution, sum of the mole fractions of all the components is unity. For example, in a binary
solution (having two components), x, + xz = 1.

(f) Molarity (M): It is defined as number of moles of solute dissolved in one litre of solution.
Moles of solute

Molarity =
olanty Volume of solution (in litre)

Unit of molarity is mol L™ or M (molar). Molarity changes with change in temperature as volume
changes with change in temperature.
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(g) Molality (m): It is defined as the number of moles of the solute dissolved in one kilogram (kg) of the
solvent and is expressed as:

Moles of solute _ Number of moles of solute

Molality = x1000

Mass of solvent (in kg)  Mass of solvent (in grams)
Unit of molality is mol kg’I or molal (m).
Molality is independent of temperature.

4. Vapour Pressure of Pure Liquid and Solution
Vapour pressure: When a liquid is taken in a closed vessel, a part of the liquid evaporates and its vapours
occupy the available empty space. These vapours cannot escape as the vessel is closed. They would rather
have a tendency to condense into liquid form. In fact an equilibrium is established between vapour phase
and liquid phase and the pressure that its vapour exert is termed as vapour pressure. Thus, vapour pressure
of a liquid may be defined as the pressure exerted by the vapours above the liquid surface in equilibrium
with the liquid phase at a given temperature.
The vapour pressure of a liquid depends on the following factors:
Nature of the liquid: Liquids having weak intermolecular forces are volatile and therefore have greater
vapour pressure.
Temperature: Vapour pressure of a liquid increases with increase in temperature. This is because with
increase in temperature, the kinetic energy of the molecules increases and therefore large number of
molecules are available for escaping from the surface of the liquid.
(a) Vapour pressure of liquid-liquid solution:
Raoult’s Law for solutions of volatile liquids: It states that for a solution of volatile liquids the
partial pressure of each component of the solution is directly proportional to its mole fraction present
in a solution. Mathematically,

Py <Xy Pp c Xp

Pa=PUX Ps=P%Xp
where p, and pj are partial vapour pressures, x, and x are mole fractions, p° and p% are the vapour
pressure of pure components 4 and B respectively.

If p is total vapour pressure then according to Dalton’s law of partial pressure,
P=PsFPp
=p%x,+phxg
=p% (1 —xp) + pxp
=p%+ @5 — P xp
As p° and p are constants at a given temperature, it is evident from the above equations that the total
vapour pressure varies linearly with the mole fraction xj (or x, since x, = 1 — xp).

The composition of the vapour phase in equilibrium with the solution can be determined from the
partial pressure of the two components. If y, and y are the mole fractions of components 4 and B
respectively in the vapour phase, then

P4 = V4 Protal
PB = YVB Protal
In general, Pi = YiProtal

=> Raoult’s law as a special case of Henry’s law.

In the solution of a gas in a liquid, if one of the components is so volatile that it exists as a gas, then it
can be said that Raoult’s law becomes a special case of Henry’s law in which K, becomes equal to p°,.

(b) Vapour pressure of solutions of solids in liquids

Raoult’s law for a solution containing a non-volatile solute and volatile solvent: It states that the
relative lowering of vapour pressure is equal to mole fractions of solute which is non-volatile.

Mathematically, p=p4+tDp
or, p = p, (Since solute B is non-volatile)
P =pox
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