x

101  General Properties of Solutions
102 Concentration Units

103 Raoult's Law

104 Colligative Properties of Non-

10.5 Colloids

- : 7.
S e

< Thc Studcms wil]fbc uhic t-o:

Electrolyte n Solutions

List the characteristics of colloids and suspensions that distinguish them fre
solutions. (Applying)
Define hydrophilic and hvdrophobic molecules. (Remembcring)
Explain the nature of solutions in liquid phase giving examples of o
miscible, partially miscible and immiscible liquid-liquid solutions. (?\PP‘YM‘

e effect of temperature on solubility and interpret the solubilify

Explain th
(Analyzing)
Express solution concentration in terms of mass percent, molali
per million, billion and trillion and mole fraction. (Remembering)
Define the terms colligative. (Remembering)
Describe ona particle basis why a solutionh

, 2 asa ' su
solvent. (Applying) lower vapor pres
Explain on a particle basis how the addition of'a solute to @ e colvent
clevation of the poxlmg point and depression of the freezin 2 oo e
solution. (Applying) » g ponts
Describe the role of solvation in the dissolving process (Understa

Define the term water of hydration. (Remembering)
Explain concept of solubility and how itapplies to solution saturation

Distinguish between the solvati HOgS
(Understanding) ation of onic species and molect

ty, molaﬂf)"?‘%

r thalt

ndiﬂgi
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ot g that has mass and occupies space is called matter. Matter is of two types:
bstance (pure substance), and (i) mixture (impure substance), Mixtures are
ified as cither homogeneous (uniform composition throughout) or
grogeneous  (different  composition in different regions). Solution is a
smogeneous mixture of two or more than two different substances consisting of
s or molecules. A solution has at Jeast two components. The component of
, ' which s in lesser amount is called solute and the component which is in
ramount is called solvent, For example, NaCl is solute and water is solvent in
Jt-water solution. In the everyday routine, we make or use solutions very often. In
art of the day, we drink a cup of tea which is the solution of water (solvent),
(solute) and soluble extracts of tea (solute). Other common examples of
mogeneous mixture of gaseous lower hydrocarbons),
oli ture of liquid hydrocarbons), soda water (solution of
j-'.ih water), milk, sea water, steel, shampoo, and the air we breathe. The amount
‘of solute in the given amount of solvent or solution is called concentration of
solution. The solution which has relatively lesser amount of solute is called dilute
‘Solution and the solution which has relatively a larger amount of solute is called
centrated solution. For example, 5% aqueous solution of sugar is dilute than
Aqueous solution of sugar. Likewise, the 10% aqueous solution of sugar is
“entrated than 5% aqueous solution of sugar.
The solution of a substance in water is called aqueous solution. Aqueous
are the most common solutions and play an important role in chemistry.
examples of aqueous solutions are sugar-water and salt-water solutions.
may be gases, liquids or solids. There are nine types of solutions on the
Physical states (i.. solid, liquid and gaseous nature) of solute and solvent.
Table 10,1: Types of Solutions on the basis of physical states
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e e g ”
State of ismed State of Resulting | Exsmples R
Liquid |  Solid f Solid | Mercury in Silver (dental amalgam)

| | . Cheese, Butter

Gas | Gas | Gas l.Dusl in smokf

e —

e | &= | gugar in H,0. Jellies, Paints,
Liquid | Liquid | yinegar. sea water

| Sohd

} = ———

= |
]
v G| T | Metal alloys_. steel, pearls, opals P

: | ' ruby,

\ olid | Solid | Solid | garnet, Brass (Cu/Zn), Solder(San:y)

= : ——————

Keep in Mingd

| In the atmosphere there are at lcast three kinds of solutions. These are (1) g8 g
oxygen dissolved in pitrogen, (i) liquid in gas-water vapour dissolved in air, and ()
solid in gas-tiny particles of smoke dissolved in the air.

In general, polar colutes are dissolved in polar solv.ntsand non-polar soluts
are dissolved in non-polar solvents. The common polar so' ~nts thatare used inth
laboratory are water, acetone, methyl alcohol, and ethyl alcolinl. The cOMMmO# e
polar solvents are ether. chloroform, carbon tetrachlorid ', hexane, foluse

benzene.

10.1 General Properties of Solutions
Some of the general properties of solutions are: |
i) Asolution has at least two components: a solvent and a solute. ltmay have
than two components: a solvent and two or more solutes.
ii) A solution docs not have fixed composition; that is, the ratio of solut® ot
different from solvent.

iii) Thesolutes particles consist ofions or molecules.

iv) Solutionsmay either be colourless or coloured and are usually tranSP”"“n |
v) The properties of a solution do not remain same when the atio of o
solvent is chan ged.

vi) The solute particles are uniformly distributed in the whole soluti0
solution is homogeneous throughout. The solute particles will not s“gelt
atime. The composition and properties of the every part of the solution 50
game as every other part.

vii) The solute Cfan generally be separated from the solvent by PhySicall
guch as evaporation and distillation,

IMIinm



10.1.1 Solution, Suspension and Colloids
wixtures are classified into homogeneous mixtures and heterogencous mixtures.
Homogeneous mixtures are further classified into solutions and colloids.

A solution is a homogenous mixture of two or more components. The solute
particles of solutions are so small that they cannot be seen by the naked eye and
microscope. Due to small size, the solute particles pass through filter paper and are

* notseparated from the solution by filtration, The size of solute particles ranges from
¢ about0.0lnmto Inm. Examples of some common solutions are sugar in water, soft
« dnnks, gasoline, and air,
Asuspension, on the other hand. isa heterogeneous mixture and the particles
are 50 large that can be seen with microscope and can often be seen with the naked
eye. Due to bigger size, the particles cannot pass through filter paper and can be
separated from heterogeneous mixtures. The particles of suspension are heavy
enough and will settle out under the influence of gravity after a time. The size of
particles is more than 1000nm. A common example of suspension is muddy water.
Other examples of suspensions are soot, chalk powder in water, sand in water, flour
m water and milk of magnesia. Many of the medicinal solutions are marketed as a
* Suspension that are labeled as "suspension” and instructed “shake well before

using”. You may be familiar with antibiotics that are aqueous suspensions ‘and are
. Well shaken before using. The main purpose of shaking the antibiotics is to mix the
- Substance uniformly in a solvent.

A colloid (or colloidal dispersion) is also a homogeneous mixture of two or
mf)rc components like solution. The word colloidal means “glue-like” and was
ongially applied to sticky substances such as starch, gelatin and glve. We cannot

fhe terms solute and solvent for the components of colloids becanse th= solute
Particles are not dissolved in the solvent and is present in the form of tiny particles
41¢ suspended in the medium. We, therefore, use the terms dispersed phase for
§01u.:e and dispersing medium (or continuous phase) for solvent. The dispersed
efticles are present in lesser amounts than dispersing medium in colloids,
ples of colloids are milk, hair sprays, fog, smoke, clouds, butter, face cream.

betygenr. - 2rch and blood serum. The dispersed particles are intermediate in size
Ol those of a true solution and those of suspension. The dispersed particles of
micr%m %0 small that are not usually seen by the naked eye and ordinary
’:"”'Nivelype' Ho\.vcver’ th‘cy can be ficlected by elec;trf?lr: microscope. Due to
g n.small size, the dnspersfed particles pass.throug filter pap‘e..r of 1arge pores
L i°‘ settle out under the influence of gravity over time. The size of dispersed

$about2 nm to 1000 nm.

~~
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10.1.2 Hydrophilic and Hydrophobic Molecules
"*."dmphilic (adj.) (Greek = "'water loving’) molecules are polar and having aff,:
for water. They have ability to form hydrogen bonds or 1on dipole forces with w:“y
and are readily soluble in water. Hydrophilic substances are also known as po:u
substances. Examples of hydrophilic molecules are Sugars, salts (Na(l), alcoimT
(ethanol). ;
Hydrophobic (adj.) (Greek = 'water hating) molecules are non-polar and g
repelled by water. The word hydrophobic does not actually mean that they hay
water but it means that they are unable to form hydrogen bonds with water andary
not dissolved in water. They are dissolved in non-polar solvents such as ether, -
carbon tetrachloride, benzene. Hydrophobic substances are also known 2s nos
polar substances. Examples of hydrophobic molecules are oils, fats, alkane
(hexane), and greasy substances.

What happens when we add a lump of sugar in water and stir 1t? The sugx
forms hydrogen bonds with water and is dissolved. What happens when we add half
test tube of oil in another test tube containing water? The oil does not mix i
water. Sugar is hydrophilic and oil is hydrophobic.

-, AT ey A
el M o e
The use of Soap and Detergents |
The soap is generally used for bathing and detergents are used for vas
Soaps are mixtures of sodium or potassium salts of fatty acids. A soap MOIC
is amphipathic and has two ends, the head and the tail. The head of
hydrophilic and the tail of the soap is hydrophobic. When we put ¢
The hydrophilic end is attracted to water and the hydrophobic end i
water, Hydrophobic end that consists of long chains hydro
structurally similar to oil is out of water and is attracted by other
cubstances suchas oil droplets and grease that are present at the surface
cloth. The soap in this way forms an emulsion (colloid) with water Wi g
o wash skin, clothes or greasy dishes to remove stain or dirt from theiF g
Like soaps, detergents also have molecules with a polar end and 8 20T
10.1.3 The Nature of Solutions in Liquid Phase : fociﬁ
may be gaseous, liquid, or solid as we know. But here we vl o
tions because they are in the interests of chemists as lots © o

most &
R

Solutions

liquid solu HEyiak
greal significance occur in liquid solutions and are undoubtedly the

and important. Liquid solutions are formed by dissolviné
(342)
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liquid, or solid ina lyquid solvent, The process of dissolving of solute ina solvent is

called dissolution. Examples of liquid solutions are soda water, iodine tincture, tap

water, sea water, house hold ammonia. brine. sodium-potassium alloy. Liquid

golutions are the most common types that you found in laboratory of chemistry,

super market and at your home. In our daj by life we dissolve sugar in water to make

tea, salt in water to cook food, CO, in water to make soda water. Soda water is an

gxample of gas-liquid solution where carbon dioxide gas s dissolved in water,

Antifreeze 1s an example of | Iquid-liquid solution where ethylene glycol (a viscous

hygroscopic liquid) is dissolved in water. Brine is an example of solid-liquid

solution where NaCl (a solid salt) is dissolved in water:

Thesolutions of liquids in liquids are divided into three classes as follows:

(a) Completely Miscible liquids

(b} Partially Miscible liquids

(¢) Practically Immiscible liquids

(@) Completely Miscible Liguids

Liquids which dissolve in each other in all proportions are called completely

miscible liquids. For example:

“1) Alcohol and water

1) Alcohol and ether

. 1if) Benzene and toluene

' iv) Phenoland H,0 above 67°C.

| The properties of such solutions are not additive. Generally, the volume
decreases on mixing but sometimes it increases. During the formation of solution,

’ he&tmay either be evolved or absorbed. Such solutions can usually be separated by
fractional distillation. |

() Partially Miscible Liquids

quids which are slightly soluble in each other are called partially miscible liquids.

‘U Etherand water
Bromine and water
' ’Ev ) Pht?n‘ol and water below 67°C
Aniline and water
, When equal volumes of ether and water are shaken in separating funnel, then
ff;::flayers are formed. Each liquid layer is a saturated solution of the other liquid,

" Solutions are called conjugate solutions.; Solubility of these conjugate

“ltiong i affected by temperature changes.
(343)
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The Natureof Solute and Solvent

L e e A S
T

© Practically lmmiscible Liquids

ljiquids' which are completely msoluble in onc another are called "MMisciy,
liquids, For example:

1) Benzene and water

ii) Carbon tetrachloride and water

iii) Chloroform (CHCl;)and water

iv) Carbon disulphide (CS,)and water

10.1.4 Solubility

The concentration of the solute in the solution when it is in equilibrium with
solid substance at a definite temperature is called solubility. For example,m'
solubility of NaCl in 100g of water at 0°C is 35.7g.

It can also be defined as:
The amount of solute dissolved in 100g of solvent to make a saturaiel

solution at a definite temperature is called solubility.

Units of solubility are:

i)  No.ofgrams of solutein 100g of solvent

ii) Moledm"
vVarious methods are used for the determination of solubility. One of themt®/

given here: |
The saturated solution of a solid mass is prepared at a constant terperai®

Then this solution is filtered. A Known volume of this solution is evaportted )

china dish and from the mass ofresidue, the solubility is determined.
The extentofsohubility of soluteina pasticalarsalvent dependsonEes

of solute and solvent particles whether they are polar or non-polar, the remperi®
at which the solution is formed, and the pressure of the gaseous solute.

The intermolecular attractive forces that are present among liquids and solids g
key role in the formation of solutions. The intettnolecular forces Wik cﬂ“"k&
understand, why water dissolves table salt (or sugar) but not dlissolve © I
motor oil). A general rule of thumb that, “like dissolves like™ 18 appli
means that polar solvents dissolve polar solutes aﬁd el colvents &
non-polar solutes. For example, polar solutes such as NaCl and sug#' are - oﬂ '
i) water (polar solvent) and non-polar solutes such as cooking: oi! and "7
not dissolved in water (polar solvent).

(344)
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When NaCl an 1onic compound is dissolved in water, the inter-ionic
atractive forces among NaCl particles are overcome and they are split up into
ysitive and negative 1ons. Positive ions are attracted by negative pole of water
molecules and negative ions are attracted by positive pole of water molecules. In
this way all negative and positive ions are surrounded by water molecules. The
ocess in which an 1on or molecule is surrounded by water molecules 15 called
hydration. In a broader way, the process in which an ion or molecule is surrounded
A by solvent molecules is called solvation.

©  Sugar (sucrose) and water are soluble in each other because the major force
_ between molecules is hydrogen bonding involving ~-OH groups. When they both
' are mixed, the sugar molecules that have -OH groups form hydrogen bonds with
' water molecules and are dissolved. In this case each molecule of sugar (sucrose)
stays together as a single unit and the ions in the solution do not form. The non-polar
solutes have London dispersion forces while water has hydrogen bonding that is
why neither cooking oil nor motor oil is dissolved in water and float on the surface

ofwater because they do not attract each other significantly.

The non-polar solutes such as cooking oil and motor oil are dissolved in non-
polar solvents such as gasoline and benzene. The solutes and solvents both, in this
case, has the same attractive forces (London dispersion forces), that is why; they are

soluble in one another.

}SEEP in Mind ')

.| The solution is formed when solute-solvent attractions are either comparable to or
stronger than solute-soluté and solvent-solvent attractions.

We have main focus on solid-liquid solutions and liquid-liquid solutions
the solutions of gases in water are unusual.

10.1.4.1 The Effect of Temperature on Solubility
¢ have observed that the solubility of tea leaves, coffee beans or sugar increases
Withrise in temperature and decreases with fall in temperature; that is, they are more
Soluble in hot water and less soluble in cold water, But the solubilities of some
Substances such as cerium sulphate and cesium sulphate decrease with rise in
IpErature,

Keep in Mind |

S Emperature is omﬂy affecting the rate of dissolving, italso affects the solubility.
of g of dissolving of solute is directly proportional to temperature; that is, the rate
b Ussolving of solute increases by increase in temperature and decreases by decrease
ure. But the amount of dissolved solute in the solution may decrease or

M&Empcmmof the solution.
T, Uity of Solids in Liquids

Tegy
(349)
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is dissolved in liquid, The rise in temperature usually increases the Solubiljyy
solids in liquids. For example, the solubility

B -

' {
of sugar (sucrose) in 100g of Walep

0°C is 179, at 40°C is 238g and at 100°C is 487g. The solubility of some Selids fj
NaCl is little affected by rise in temperature. The solubility of NaCl in 100¢ of wag
at 0°C is 35.7g. at 40°C is 36.4g and at IO?"C is 39.2g. The solubility of sodiyy

chloride increases only about 3.5g. On
the other hand, the solubility of some
solids decreases by rise in
temperature. For instance, the
solubility of cerium sulphate at 0°C is
20.8g, at 40°C is about 6.7g and at
100°C is about 3.87¢g. The solubility of
cerium sulphate decreases about 17g.
The solubility curves are shown in the
figure, The solubility curve is a
graphical representation between
temperature and solubility of solute in

Solubdity (g of salt in 100 g H,0)
2 8 588 3 8

10}

Temperatuse ("C)
Fig. 10.1: Solublity of most compﬂ““ds

a particular solvent. increase by increasing temperatir®
Table 10.2: Solubility in Gram of Solutes in 100g of Water
NaC 357 359 364 | a7
TepH0n | |9 | me [oaari i npl
" A00s | B | 26 | s | ag |80
" couatsP | 0335 | 0160 | 0097 | opss | -
| O;mSP | 000654 | 000537 | o

Solubility of Liquids in Liquids

The attractive forces among the particles
additional energy is not required 1o oy

(345)
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articles of liquids when itis dissolved in another liquid. We can say that the rise in
eperature usually does notaltect the solubility of most of the liquids in liquids.

s-ub“"?’ of Gases in Liguids
There are weak attractive forces between gas moleeules, so the additional energy 1s
o cequired to overcome these forces among the molecules of gases when they are
dissolved in liquid such as water. The energy as heat is released when a gas is
gissolved in water due to forees of attractions between gases molecules and solvent
A m@leculcs. It means that this is an exothermic process and is favoured by fall in
‘mpcmlure. We may say that the solubilities of gases in water are decreased by rise
i temperature (except helium). This is because as the temperature increases the
kinetic energy of the gas molecules increase and as a result of this the forces of
amactions between gases and water molecules decrease.

Heat of Solution

The energy changes during the formation of a solution are called energetics of
solutions or heat of solution or enthalpy of solution.
The solution formation may either be endothermic or exothermic.

The heat of solution is negative for an exothermic process and is positive for
y
# endothermic process. Heat of solution measure the intermolecular attraction

P‘M solute and solvent molecules. When KNO, is added to water, the

,Wamre of the solution decreases which shows that it is an endothermic process.
KNO, + H,0, === K{ot+ NOj,y  AH=+357KkI mol

~ The solubility of potassium nitrate in water is increased by rise in

_“Hture. The solubility of solutes that has positive heats of solution is usually

e t?).'l‘isﬁ:intcmperan.u-c;:.

E Wben LiClis added to water, the temperature of the solution increases which

Watitis an exothermic process.

Licl,, + H,0, =—= Lify*+ Cli AH =-37kJ mol™

¢ The Solubility of lithium chloride in water is increased by fall in temperature,

B bility of solutes that has negative heats of solution is usually raised by fall
lure, By increasing temperature, the solubility of solutes usually falls in



Heat is either given off or
water. The endothermic solution proces

hot pouches are used in hospitals an

1 Heat of Solution of Sonn

absorbed when ionie substances arc
s is used in the “instant cold pouches” and the
_These instant cold ﬂ

exothermic solution process is used in the ™
rinjunes,

d at other places for the treatment of mino

cal Room e

Substanc nperiture

instant hot pouches™

Table 10
| weotSaiion | suanee | "0
+3.88 . LjH‘C(_)_()l-l,,, A8y
| NaOHy | 4451 ~ H:804. 43
a0y | 13489 _HClg 74,84
.—NH"EO‘“E‘_,_ _92369 s X E'H.hg) & -30).50
KOHg, = e R | N_HLCI..., .3 ~ H1478
KClOs) +41.38 | AgNOwy | 29
= " z | —
CuS0,4.5H,0, LS NaNOs) L
MgS04.7H:04, 1590 | NeSO.IOHOw | 1854
. 3
B _._'_'. ) /»,; ‘-i‘:‘".—iv;‘_-- 101¢ ‘:l
Use of Cold and Hot Pouches
dissolved

sprains, and bruises to reduce swelling. In instant cold pouches. the NH§NO, (ot
NH,Cl) is packed in a stronger bag that is placed inside a plastic bag of water When <.
inner bag that contains ammonium nitrate is broken by squeezing, the v
nitrate dissolves in the water in the outer bag. In this case, the heat is absorbed and
pouch becomes cold. On the other hand, the hot pouches generally contains CaCl

MgS0,), whichon dissolving in water, ‘)}/
g ah T i

release heatand the pouch becomes

10.1.4.2 The Effectof Pressure on Solubility

The solubilities of sohids or liquids are affected ‘very little or no
by changing pressure that is why the effect of pressure on the
solubility of solids or liquids in liquid solvent is neglected.
However, pressure has a great effect on the solubility of
gases. The English chemist William Henry studied the effect
of gases on the solubility of gases. According to Henry's law,
the solubility of a gas in a liquid is directly proportional to
the pressure of the gas above the liquid at a given
{emperature. -

Sx P

aﬂa"‘

oo S=K

P
(348)
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where, K 15 proportionality constant, S is the solubility of the gas in the
lvent.and Pis the partial pressure of the gas,

Thesolubility of the gas is doubled by doubling the partial pressure of the gas
ghove the solution and is lriP'k“d by tripling the partial pressure of the gas above the
solution, and so on. The solubility of ¢ 0, gas at one atmosphere in 100g of water is
0.169g at 20°C. The solubility of CO, gas will be doubled (0.338g) by doubling the

qure of the gas to two atmospheres at same temperature.

Suppose we have a gas in equilibrium with a solution at which the number of
molecules entering the solution is equal to the number of molecules leaving the
wolution. When the pressure of the gas above the solution is increased, the more
molecules are forced into the solution, Thus, the concentration of the gas in the
solution increases until the equilibrium is restored again; that is, the solubility
mereases until the rate at which the number of gas molecules enterii.g the solution is
equal to the number of gas molecules leaving from the solution. Thus. we can say

that the solubility of gas in a liquid increases by increasing pressure above the
solution.

R ~

e

) D}'u;t gg*qnijlbnwn (h) Gas pmm moreased ) l),vn;mwic—qumhnun
Figure: 10.2: This diagram shows the concentration of dissolved gas
is proportional to the pressure of the gas above the solution

ressure, Carbonated beverages are bottled at a pressure of 5-10
- Pieres. When a bottle of carbonated beverage is uncapped, the pressure on
o ace of the beverage is reduced to one atmosphere, and the bubbles of
‘ Mﬂem out suddenly of the solution. This rapid escape of dissolved
" aliquid is known as effervescence. g

Q’ ; 40n of solution means the amount of solute present in a given amount of
- We commonly deal with dilute (a solution which has relatively

(349)
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small amount of solute) and concentrated solution (a solution which hae relag; |
large amount of solute) in our daily life. Sometimes we use unsaturated (, Smw.

which can dissolve further solute on addition), saturated (a solution which isurl

loaded up with solute and cannot dissolve more solute at a given {emperaty;, "
supersaturated (a solution which has more of the solute than the usya mﬂximw
amount and are unstable), They are prepared at an elevated temperature o pre -
to describe the concentration of solution. But in chemistry lab we have 1o kniow .
exact concentration of a solution; that is, the exact amount of solute in the give
amount of solution. Chemists use several different concentration units, each
which has its own benefits and drawbacks. The amount of solutes or solvents js,
solution is generally measured in terms of volume, mass or moles and these unit g |
usually called concentration units. The concentration of solution can be express

by percentage composition, molarity, molality, mole fraction, and parts per million.
billion and trillion.

10.2.1 Percentage Composition

The term percent means “parts per hundred”. The number of parts of solute prest
in 100 parts of solvent or solution is called %age composition.
It can be expressed by four different ways:

i) Weight by Weight Percent (W/W %) ‘ |
The weight by weight percent also called weight percent or percent by Wﬂs‘“g
percent by mass is defined as the number of grams of solute present in 100 m‘h
solution. For example, a 10% W/W sugar solution means contains 10 gof S“g”) '
100g of solution. The solution has 10 g of sugar (solute) and 90 g of water (solve™

i Mass of solute v 1V
9, age by weight =

Mass of solution (mass of solute + mass of solVf““Jn(is@
The solute and solution masses must be measured in the same uni ‘

grams.
Example 10.1

m'is weight percent of solution containing 100g of water and 2 %
glucose?

solution:

Mass of glucose = 2.5

Mass of water = 100g

Mass of solution 100+25  =102.5¢

(350)
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/ﬂ‘cnl of ghicose solution 7
wgh"”c

Mass of glucose

et seroent W glucosesolution <100
wﬂgbmﬂ" ; Mass of solution
2.5¢
=% 100

I 02.5¢

_2<45 /'o
mmﬂnl ;
Caloulat -mewclghl percent of sugar (sucrose) when 15g of sugar is added
-\ .'g‘gsfwata? ’

Weight by Volume Percent (W/V %)
fieweight by volume percent is defined as the number of grams of solute present in
iml. of solution, For example, a 10% W/V sugar solution means that 10g of sugar
aeach 100mL of solution.

% age by weight — volume Mass of solute (g)

Volume of solution (mL)

The units do not cancel because the concentration unit of solute 1s always
iven in grams and that of solution is milliliters. This concentration unitis normally
sed when the solute is a solid and the solvent or resulting solutions are liquids.

x 100

) f Nikicn = Mass of NaOH in g
e anumeoisulmmxmml.

=100
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ii)  Volume by Weight Percent V/W %

The Volume by Weight Percent is defined as the number of milliliters of sojy.
100 g of solution. For example, a 10% V/W solution means that 10ml °f3100honn
water to make the total mass of the solution 100g.

Volume ofsolulc < 100

% by volume = weight = - ;
& R D7 FOlRe = WA Mass of solution

In this type of solution, we know the total mass of solution but we do ny.
know the total volume of solution.

iv)  Volume by Volume Percent (V/V %)

The volume by volume percent (also called volume percent or pereent by volume)is
defined as the volume in milliliter of solute in 100 milliliter of solution. Fe
example, 10% V/V alcohol-water solution means that 10mL of alcohol dissolvedin
enough water to make the total volume of solution 100mL. Keep in mind that 10%
V/V alcohol-water solution cannot be prepared by dissolving 10mL of alcohol s
90mL of water because the total volume of the solution may not be necessarily equl

to the sum of volumes of solute and solvent.

Vo
%age by volume. = — lume of solute < 100

Volume of solution .
The solute and solution masses must be measured in the same untt, that 5 |
milliliters.

An alcoholic beverage has 25mL of ethyl aleohol. What is V/V %
beverage?

Solution:
Volume of ethyl alcohol = 25mL
Volume of beverage = 75mL
Volume percent =9
Volume percent = Volume of ethyl alcohol _ 100
\ Volume of bevmgc
25mL
T 75 L * 100
=33.33%
(352)
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; aleulate the V/V % of 0.250L of vinegar solution containing 12.5mL o
"'.";'.hb?‘» c

-

{0.2.2 Molarity
Molarity is the most useful unit of concentration in chemistry. The number of moles
k af solute dissolved in one liter of solution is called molarity. It is denoted by ‘M.

The molarity has the units of mole per liter (molL). The mathematical equation for
» thecalculation of molarity is as follows:

Molarity(M) = No. of moles of solute (n)

—— or
Volume of solution in liter (V)
. Mass of solute i
Molarity (M) = ?ucmgmm 4 I =)
Molar mass of solute Volume of solution in liter

In order to calculate the molarity of solution, the number of moles of solute
and the volume of the solution in liters are required. Keep inmind that a solution of a
i'giw:n molarity is prepared by dissolving the solute in enough solvent to make the
Bulvolume of the solution one liter, We are not allowed to dissolve the solute in one
berof solvent, because the total volume of solution in this case might be a bit larger
han one liter dye to additional volume of solute, If the volume of the solution is
‘.#E_Erthan one liter, then the molarity will be less than 1M for the solution.

I l ) :
L “€ep In mind

| %P'M one molar (IM) aqueous solution of NaOH, we are required to dissolve | mol (40g)
NiOH

e ough water to make the total volume of the solution one liter. If we want to
s, VOH solution, then we are required to dissolve 2 moles (80g) of NaOH in enough
\&) . Mmake the tota] volume of the solution one liter. The solution whose molarity is one is

S molarsofugion, y

beM"[hﬁty 18 very useful to us because the number of moles of solute dissolved
L€ ca

blyjy,  lated by multiplying the molarity of solution with the volume of

| U]
e
If
| ¥
i
)

y 0. :
3 oyf]:oh‘ of solute (n) = Molarity (M) x Volume of solution in liter (V)

Cles “ber of moles of solutes enables us to calculate the number of
10 50lve those problems that involve quantities in chemical reactions.

(333)
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Tl 10.4: Coneentralion 2 ( Satution i Molanty

l"d‘“,", | gets 00' CCh | T
- KNO; e T R 10°
_ | Sucrose | 250 073 | HO | 150
NH; &5 | -oso | mo 180
Example 10.4 e . i
What is the molarity of 2.5Lof solution containing 2 Omol of e(hyl alcohor"
Solution:
Molarity of solution ="
Volume of solution = 2.5k
= 2.0mol

Moles of ethylalcohol
Moles of ethyl alcohol

Molarity (M of solution =
y (M) Volume of solution in dm’

& 2,0mol
25 L
= 0.8M
l’rlctiee Exercise 4: .
' Calculate the molarity of the sulphuric acid solution when 493(,[ phr®

lo’pr of solution.

acidi is dlssolvcd in 2 Sx

ei—

Example 10.5
Prepare | Mand0. SOM solutions of glucose
solution:

Molar mass of glucose (C¢H, ,0)=T2+12+96=180g mol k-
1 tion is prepared by dissolving 180g (1 mol) o £

one literof solution.
is prepared by dissolving 0. somol (0 5oxl

of glucose in on liter of solution.

o

practice Exercise 5: =
How canyou prepare0.25Mand2. SOV Moo el

(354)
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(023 Molality

The qumber of moles of solute dissolved in one Kilogram of solvent is called
i aolality. 1t is denoted by lower case ‘m’, The molality has the units of moles per

ilogram (mol’kg). The mathematical equation for the calculation of molality is as
follows:

: No. of 3
Molality (m) = ——2:© moles of solute

Mass of solvent in kilogram

or
' Mass of solute in ram
Molality (m) = gam. !

Molar mass of solute Mass of solvent in kilogram
The one molal solution of a solute is prep

solute tnone kilogram of solvent.
| For example, I molal HCI solution is prepared when one mole of HCI
- (36.5g) is dissolved in kg of solvent, If we dissolve one mole (60g) of urea,

(NH,),COin 500 g (0.50kg) of water, the solution in hand will be 2 molal.

Note that the molarity. of solution is temperature dependent but molality is
temperature independent. It means that molarity of a solution changes slightly when
temperature of the solution changes, but molality does not. Hence, molality is more

|‘ convenient in those experiments that involve temperature changes.

' The mass of one liter of water at room temperature is nearly equal 1o one
é kilogram that is why, in dilute solutions the number of moles of solute in one liter is
- #bout equal to the number of moles of solute in one kilogram of water. Hence,
Molarity is about equal to molality in dilute aqueous solutions.

____lable 10.5: Concentration of Solution in Molality

ared by dissolving one mole of

Wh .
w4
.

! ’;I. 2

2 'Y

" 15 the molality of solution made by dissolving 290g of acetone

(355)
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Solution:
Molality of acetone solution = 7
Mass of acetone = 290¢g
Mass of water - 500g = 0.50kg
Given mass of acetone |

Molality of acetone solution=——= _a
\ Molar mass of acetone Mass of solvent inky

; A 90 ]
Molality of acetone soluuon=258 : X m = 10m ’

Practice Exercise 6: R

What is the molality of solution that is made by dissolving 96g of 50,8

750g of water? L i
10.2.4 Mole Fraction

It can be defined as:
The number of moles of a particular component divided by total number of mokesdl

all the components present in the solution is called mole fraction. It 18 dem'ﬁdb?l

X, Mole fraction has no unit.
Number of moles of one component

Mole fraction (X) = — :
Total number of moles of all the component

The mole fraction of a particular component can be calculated as:
X A Se. fA - 2.&
. LT T n,
i) Themole fractionofa particular component is always less than 1.
ii) Thesum of mole fraction of the entire components is always unity-

Xpt Xyt X< o

Ifa solution has 2 moles of NH; in 7 moles of water, the mole fractiot® o
is shown as Xy, and the mole fraction of water is shown ;s X0 The totall e
of moles of ammonia and water in the solution are (2 mol e g0 pol#®
mole fractions of ammonia and water in the solution are calculated as:
_ No. of moles of ammonia_ za/i‘
Total number of moles & 0
No. of moles of watel — _m/‘c

Total number of moles
(358)

The mole fraction of ammonia = X,

The mole fraction of water =X, =
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The sum of the mole fractions of both the components of solution is equal to
one. (e s ; :
Mole fractions are specially used for the calculations of concentrations of
s mixtures but not for liquid solutions because other units of liquid solutions are
generally more appropriate. Mole fractions do not depend on temperature.

| Caleulate the mole fraction of each component of solution prepared by

'dlssolvmg 1.22g of benzoic acid (C,H,COOH), in 11.95g of chloroform
| {CHCL;).

‘Mole fraction of benzoic acid = X . sHscoon = 7

Mole fraction of chloroform = Xewery, =2

Mass of benzoic acid = 1.22g

Mass of chloroform = 11.95g

;M)l'emfl s Mass of benzoicacid _  1.22¢ = 0.0} mol
T Molar mass of benzoic acid ~ 122g,.0n]"" e
Mols of chioroform —  Mess of chloroform 1195
e Molar mass of chloroform ~ 119.5gmol’
.l'tfmllm’lmbemfmoles’= 0.01mol + 0.1 mol = 0.11moles
g’m“ﬁ'ai:ﬁon‘of ... Molesofbenzoicacid  0.01mol

of benzoic acid = , = =0.

l | Total number of moles  0.11mol =

Mole fraction p 11 Moles of chloroform 0.1 mol
¥ : oo Total number&f moles  0.11mol 4l

———

LN u:_i:""sPer Million, Billion and Trillion
};.m i‘vm used for very dilute solutions in which solutes have very low mass
® g m:?;,‘n.“ie“““”'“‘“b" used to express the amounts of pollutant gases i
- "U'Purities present in the water, and the drugs in the human body,

(857)
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Parts per million
The number of parts by mass (or volume) ol
parts by mass (or volume) of the solution iscalled p
as ppm. One ppm is equal to one milligram of solut

solute present in one million (1 j
arts per million. Itis abbreyiagey
e in one kilogram of solution(|

ppm= 1 mg/kg).
Mass of solute In graras &
Parts il = ——— % 10
) (ppm) Mass of solution In grams 1
f solute in mL
Parts per million (ppm) = Ty x 10° or

Volume of solution in mL
Mass of solute in grams 108

Volume of solution in mL
It is used for very low concentrations of the solution. The impurities of the !
substances are usually expressed in ppm. For example, the maximum allowabl:f:
amount of arsenic in water is 0.05ppm. A concentration of 0.05ppm means thatif
you drink 10 lac grams of water, then 0.05g of those is arsenic and other 99999935@;5

are consist of water and other minerals and contaminants. b
Table 10.6: The Maximum Allowable Amounts of Minerals in Drinking Water i

e it s S——

Parts per million (ppm) =

_160.00 ~ Llead | A,
E _'\’1..,09., ~ Cadmivm | DI
LSO et S = = AT & - ;.f‘,"‘ﬂ
(137, g e Sl | 0.05 : T et e R
Parts per Billion |

The number of parts by mass (or volume) of solute present in 0B¢ =
(1000million) parts by mass (or volume) of the solution is called parts per bim-
{s abbreviated as ppb. One ppb is equal to one microgram of solute in one kil
of solution (1 ppb= 1pg/kg).

parts per billion (ppb) = — ssofsoluteingrams. oo &
Mass of solution in grams
parts per million (ppb) = —vorume of solutein mL of

Volume of solution in mL

parts per million (ppb) = —2ss of solute in grams
Volume of solution in mL
It is used for very low concentrations of the solution.

(358)
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parts per Trillion
rhe numbes of parts by mass (or volume) of solute present inoone trillion (1000
W ‘

Lition) parts by mass (o1 volume) of the solution is called parts per billion, It 18
\ - .
3 reviated as ppt. One ppLis equal 1o one nanogram of solute in one kilogram of

sotution (1 ppt= Ing'kg). .
Mass of solute in grams

gt = 12
arts per trillion (ppt) = — i % 10" or
parts pet Mass of solution in grams
TR Volume of solute 2
parts per million (ppt) = e (. u.lc n? mL < 10" or
Volume of solution in mL
e, Mass of solute in grams
Parts per million (ppt) = CMeams 102
Volume of solution in mL
Itisalso used for very low concentrations of the solution.
p =5 W

'r—Sxample 10.8 v

-

BBV i o

The concentration of gold in one liter of sea water is 0.001mg. What is the
concentration of this solution is ppm, ppb, and ppt?

Solution
Massof gold = 0.00Img = 0.000001g
Volume of sea water = 1L = 1000mL

. : X 0.000001 g % 106
| : =_— 2% 10°=000 npm
Concentration of gold in sea water in ppm 1000 mL Lp

. y 0.000001 g % 100
Concentration of gold in sea water in ppb ey pp

,_ 0.000001g . 1
: io in: i = —————=x 10" = 1000 ppt
Eoenlmmn of gold in sea water in ppt 1000 mL PP

-
1

Practice Exercise 8: ;,
z

Acollege student added one tea spoon of table sugar in the swimming pool.
e concentration of table sugar is about 4 x 10°g per liter of water
Determine concentration of table sugar in water of swimming pool in ppm,
Moandppr. o S

",3 Raoult's 1 ayy .

hf%f the French chemist Frangois Marie Raoult (1830-1901) dnscoyered a
100 between the vapour pressure of pure solvent and that of a solutllon. He
‘ch that the vapour pressure of solvent abovea solution of'a non-volatile. non-

- Vesolute depends on the mole fraction of solventin the solution.
(339)
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10.3.1 Non-volatile. Non-clectrolyte Solutein Volatile Solveng

'Raoull’s law can be defined in three ways:

1) The vapour pressure of solvent above @ solution is equal to the producy

vapour pressure of pure solvent and its mole fraction in the solution. L
pP=P°X,

Where,
P is vapour pressure of solvent above solution, P®is vapour pressure of py,

solvent, and X, is mole fraction of the solvent in the solution.
i1) The lowering of vapour pressure of a solvent1s directly proportional to the mgj

fraction of solute.

AP = P°X,
Where, Lowering of vapour pressure
The lowering of vapour pressurc depends on the number of non-volatils,
non-electrolyte solute particles (atoms, molecules, or ions) in the solution but dos
not depend on the nature of the solute particles; that is, no matter what types of-

particles (atoms, molecules, or ions) are present in the solution.
iii) The relative lowering of vapour pressure (AP / P°) is equal to the moie
fraction of solute. By increasing mole fraction of solute, vapour pressureof

solvent or solution decreases.

(AP)= P°-P

AP/ PP =X,
The solutions that obey Raoult's law are said to be ideal solutions.
The relative lowering of vapour pressure (AP/P®) has three properties.
i) Itis indepengent of temperature.

ii) Itis proportional to the concentration of solute.
iji) It is constant when equimolar proportions of different solutes &
.

dissolved in the same solvent.
The composition of vapours formed above a solution is different 0% 0

composition of liquid mixture at a given temperature. In order to obey the R0
law for the ideal solutions, the solute should be non-electrolyte and solution

be dilute.

10.3.2 When Both of the Components are Volatile i o8

According to Dalton's law of partial pressure, the total pressure ofa mixture

or more volatile liquids such as petrol is equal to the sum of the i

yapour prCSSlll'CS of all the components (llqulds) p resent in the miv*
(360)
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gid solutions}.
Py = Putre o e siviton (1)

l

|

i The individual vapour pressures P, and P,, are determined by Raoult's law. In

* e of components A and B, it makes no difference which we call the solute and
which the solvent. According to Raoult's law, the individual vapour pressure of a

jcular component above a solution is equal to the product of the vapour pressure
andits mole fraction in the solution. :

(lig

: L= P: e XA
: B=P X5
: By putting the values of P, and P, in equation (i) we get
P, = PAXa + PpXy
Since,
X, tXz=1
o X.=1-X,
Therefore,

Po= PR(1-Xg)+ Py Xy
o« B =P - PXzt+ KXy
® B =PBX- BXp+ B
*R=X(P - )+ K
Graphical Representation of Raoult's Law
Consider the following six solutions with their mole fraction and vapour pressure

Valuesin the table,
: Table 10.7: Six solutions with their Mole Fraction and Vapour Pressure Values
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FANANET S

b |

; o .o ac |
All of the above solutions have their own vapour pressures. We know thg the
total vapour pressure is equal to the sum of the vapour pressures of ) the

components present in the solution. _ ) ;
When a graph is plotted between mole fractions of Aand B; thatis, X, ang X,

on x-axis and vapour pressures of solutions; that is, P, and Pyon y-axis, then g
straight line is obtained.

The graph shows that ¢ %
component B is more volatile
than component A. Hence, it has

&

Vapour Pressure
=

high vapour pressure and low P, \‘w I
v % 2 = = = S| 0 e
boiling point as compared to | =T
component A. The two dotted 0 e e A
A 5 -}'"- | '. "Z‘\
lines show the partial pressures PP i d = VRS 4
gl X0 01 02 03 04 05 06 07 0§ 09 |
of the individual components of X 09 08 07 06 07 04 03 02 01 0

the solution. The vapour Figure 10.3: Graphical Representation of Raoult's L
pressure of the components
increases with increase in its mole fraction in the solution.

The total pressure is equal to the sum of the vapour pressures of o
individual components (P, = P} + P ) as shown in the graph.

Deviations of Solutions

Only the ideal solutions obey Raoult's law. The ideal behaviour is shown by ¥
solutions which have nearly the same forces of attractions between the parﬁd“d.
solute-solute, solute-solvent, solvent-solvent, Hence, the enthalpy chang® d“'u
the formation of solution is zero. For rea) solutions, the forces of at@™"
between the particles of solute-solvent are much stronger or weaker tha? sl 4
solute and solvent-solvent. Consequently, the enthalpy change may eith'cf w

negative or positive. Therefore, a non-ideal solution shows two types of devial™ 1
from Raoult's law. '

Positive Deviation
A non-ideal solution inswhich solute-solyeng a1

o

s, e

ansts traction is weak hanb()!ll(\ |

and solvent-50 Ivent attraction show 1§ weakert o\

1
5 positive deviation from Rﬂ"“lt

(362)
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n this type of deviation,
1)
is hight‘l'

components.
i) Boiling point of solution is

than imdividual
For example, the

vapour pressure of solution

than 1ts  mdividual

lower s
* gomponents.
potling point of the solution of
ethanol + water 1s 78.1°C which
is lower than the boiling point of
both ethanol (78.5°C) and water
(100°C).

Negative Deviation

A solution in which solute-

solvent attraction is stronger than

-

solute-solute and solvent-solvent
attraction shows negative
deviation from Raoult's law.

In this type of deviation:

) The vapour pressure of
solution is lower than that of its

individual components.

) The boiling point of solution
'S higher than that of its
Indiyigyg) components. For
$ample, the boiling point of the
lsolu“ml of Water + HCI is
1085 C which are higher than

b°']“‘8 point of both water
!NHCI
3

4‘.

>

) ——

Vapour Pressure
2 5 & 2

=

5

0

0.8 1

02 0.4 0.6

Figure 10.4: Positive Deviation

from Raoult's Law

w —
50 -
£
2. 2 ey, B
® 30 L el
s
20 N et
2 | | IS =
g 10 B o
- .
0] B
0 0.2 D4 0.6 0.8 1
Figure 10.5: Negative Deviation
from Raoult's Law
(363)
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Table 10.8: Difference Between Ideal and Non-idcal Solutions

A solution which does not obey
Raoult’s law is called non-ideal

""""

w umes of individual
| components is not equal tothe
volume of solution. o
,"‘l*vi,,~A‘ !

e \ N

s e N

10.4 Colligative Properties of Dilute Solutions

The physical propertics of solutions that depend on the number of solute particls
(atoms, ions or molecules) in the solution and do not depend on the kind of solue
articles are called colligative properties. The word colligative is derived fre?
Greek word, colligatus that means to bind together. Colligative properties of dilu®

solution are:
i) Lowering of vapourpressure.
ii) Elevation of boiling point (Ebullioscopy). .
1i) Depressionin freezing point (Cryoscopy).
iv) Increase in osmotic pressure,
is important to keep in mind th s LT
Stiisap e conditions for colligative properti® =

bOlOW: ‘ wi
i) Solution should be dilute; that is, the concentration of the solutio® should™

less than or equal to 0.2M.
ii) Solute should be non-volatile.

jii) Solute should be non-electrolyte.

10.4.1 LoweringofVapour Pressure
Vapour pressure is the pressure exerted by the vapour in equilibf
| (364)
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jquidin aclosed container. A substance which has a measureable vapour pressure is
jatileand 2 substance which does not have a measureable vapour pressure is non-

0
\ wn=volatile and non-

volatile. [far

rolyte s&?l}llc is addc«f o uvm‘)lvcul. S e | [ —

fhet evaporating tendency of solvent N
xS > surface of solution - hd

scales from the sur , | g | -
ol .. Thus vapour pressure of ARY ™ IS o
dNW“Se"'T‘ pour p feoh 5 el JN I

wtion decreases, This is known as | k— .

g]“" »m"' ng of vapour pressure. The “ ” 3
apour pressure of a volatile solvent - st b
dat has 4 non-volatile solute is Figure 10.6: The addition of solute to the

|

‘.

L

liquid solvent decreases the evaporating
tendency of solvent

Vapour pressure « ——— " et
No, of non-volatile solute particles

Itmeans the vapour pressure of solvent decrease by increase in the number of

imversely proportional to number of
solute particles in the solution,

slute particles and vice versa.
According to Raoult's law,
The relative lowering of vapour pressure is equal to the mole fraction of
- solute. :
AP/P° =X,
Weknow that, X, = ‘f
n, +n
Therefore, et ;
A-f—: Sl
B in
S0, foradilute solution, n, can be ignored in denominator, hence
L0
P n,

Asweknow,n, = W, / M, and n, = W,/M,

(365)
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The molecular mass of a non-volatile solute (M,) can be calculated by the

above equation.

10.4.2 Elevation of Boiling Point of the Solvent
The normal boiling point is the temperature at which the Vapour pressure of g,
liquid becomes equal to atmospheric pressure. Boiling point can be Changcdh,
changing either atmospheric pressure oF yapour pressure of the liquid. The Presene
of non-volatile solute in the solution decreases the vapour pressure of the solygy
and hence increase boiling point of solvent. This is known as elevation of bajli
point of the solvent. The elevation of boiling point (AT) is the difference betwey ,
the normal boiling point of pure solvent and elevated boiling pointof a solution.
ATb 5 Thsoluum]- Tb[solvcu!) _
Where, AT, is the elevation in the boiling point of solution, T sctusion) 18 e
is the boiling point of the pure solvent

boiling point of solution, and Ty
ly proportional to

The elevation of boiling point (ATy) is direct
concentration of the solute inthe solution (molality).

AT, = m or
AT, = Kim  cecnnvenrernimennneies, (1) 1
Where, '
K, is called molal boiling point constant or ebullioscopic constant. 1
We know,
. Mass of solute 1
Molality (m) = % = =
by %) Molar mass of solute  Mass of solvent in Kg
W ]
or 2
m = — K ——
M, W
W
or e 2

lel
By putting the value of 'm'inequation (i), we get

Asz Kb X _Y.L_

MW,
K W
or M, AT, W, | 2

This equation can be used to determine the molar mass of 4 on-vor
non-electrolyte solute in a volatile solvent.

 (386) ' 1
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Calculate the b““i“.t{ point of the solution when 18.5g of phenol (C,H.,OH) is
dissolved 1 500g of water. The boiling point of pure water is 100°C and the
hoiling point elevation constant for water is 0.51 ?C kg/mol.

Solution:

Elevation in the boiling point of the water = AT, =17

Mass of phenol =W, = 185g

Molar mass of phenol (CHOH) = M, = 72+5+ 16+ 1 =94gmol’
Boiling point elevation constant for water = K, = 0.51°C kg mol’’

Mass of water = W, = 500g = 0.5kg

The equation f(){R ;he calculation of AT, is:
2

ATy = Ky % —2
b b Mzwl

By putting the values, we obtain
AT, = 0.51°C kg mol™' x

I1R.5g
(94g mol ')(0.5kg)

AT = 9.435°C
47
AT, = 0.20°C

_ Theboiling point of the solution is equal to the sum of the original boiling
pointand elevation in the boiling point of the solvent.
ihe boiling point of the solution = 100.00°C + 0.20°C = 100.20°C

Practice Exercise9: St S aa]
Asolution is made in which 100g of ethylene glycol (C;H,0,)is dissolved in-
00g of water, The boiling point elevation constant for water is 0.51°C

"ol What is the boiling point elevation of the water? What is the boiling

. dneous solution? | ‘

weusg _

Mol Molality instead of molarity in boiling point elevation calculations because the
Y of a solution does not change by changing temperature, but the molarity of

Lion hanges

'
———

(367)
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A solutwn const

e 06°C and 0.51°Ckg/mol respectively. ,
solution ‘ | i
- levation in the boiling pointofthewater = AT, = 3.06°C
Massofglucose = Wa = 2793

Boiling
Mass of water

K
M:z _,_.2-)(

_ :g_t,tl_ﬂ U1

Table 10.9: Molal Boiling Point Ele

sts of 270g of solute dissolved in 250g ¢ of wate!. 'I‘b&:_' " g
int elevation and the boiling point elevation constant v

Molar mass ofsolute = M, = e
pomtelevanon constant forwater K =0 5l°Ckgmof

uation for the calculation of molar mass of solute is: |
Theeq W,

ATb wl .
thevalue, wehave

vation Constants (K,) for Some Common Substanee

=W, = 250g = 0.25kg
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— 051I°Ckg mol”! 2704
Ma="""3 06 0.25kg
M2 = 1808 mor|

se 10: v

F chloroorm s increased by 242

e value of K, for chloroform s 3.63°Ckg/mol,

DA PRI gL
- C———— L

. Y

10.4.3 Depression in Freezing Point
The temperature at which the solid and liquid states of a substance exist in
equilibrium with each other is called freezing point. It may also be defined as: the
emperature at which its solid and liquid phases have the same vapour pressure is
called freezing point,

When a non-volatile solute is added to a solvent, its vapour pressure is
decreased. As a result of this freezing point of solvent decreases, this is known as
depression of freezing point. At the freezing point, there are two things in the vessel;
that js, liquid solution and the solid solvent. The solution will freeze at that
emperature at which the vapour pressures of both liquid solution and solid solvent

¥t same, It means that a solution should freeze at lower temperature than pure
Solyent

The

 depression of a freezing point is directly proportional to the
“icentration (molality) of the solution.
ATp o m
Ly .
e e R R i)
M' Km (
We B 1S called mola] freezing point constant or cryoscopic constant.
Mohlity(m) - __Massof solute |
" Molar mass of solute ~ Mass of solvent in kilogram
L L
h M, . W,
i~
M,

(369)
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By putting the value of'm' in eq. (1), W¢ have

AT, = K, x 2

MW,

or M. K, ' W,
et AT W

The molar mass of solute can be calculated by this equation.

Table 10.10: Molal Freezing Point Depression Constants (Ky) for Some Common Substane ‘i
-‘:: 1":.“ Ot gt 47 e Normal ‘a“'u- .
 Substanee |  Formula | FreezingPoint | T TER
T e S ("C) s
r—-—‘:’-’- "nj-"g"-h‘-.g-y.e—é.u, L bkt S5 ey - £3 3 s ! - 4

Acetic acid CH;COOH 16.6

Acetone | CHiCOCH; —94.8

Aniline C4HsNH; -6.1

Benzene  CeHg 5.5

‘Camphor | CigHis0 _178.8

Cabondisulphide | €S; | -lIl5

Carbon tetrachloride | CCly 296
“Diethyiether | CHICHOCH:CHs |  -1163
| Ethyl alcohol CHyCH,0H -1146

Naphthalene C oty 80.2

Nitrobenzene CeHsNO, 5.7

Phenol CeHsOH 40.9

Water . H,O 0.0

Applications of Freezing Point Depregsion and Bolling P"”“
Elevation . v
i) Ethylene glycol is used as antifreeze in automobile radiators becaus? 82 &
the freezing point of the coolant. In cold climates, it prevents the Solu@m :
radiators, coolant lines and engine blocks from freezing. Besides 10
freezing point, it elevates the boiling point of the solution when added 0™
prevents the water in the radiator from boiling off in hot summer da?
(370)
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the engine is not overheated. v '

!
i) Asaltsuchas NaClor CaCl, is sprinkled on icy roadways and walkways in the

winter to lower the melting point of ice and snow so that the water on the roads will
not freeze at normal freezing point of water (0°C).

iii) Afreezing mixture (Ice + NaCl or KNO,)is used in making ice cream and kulfa.
Afreezing mixture lowers the freezing point of the solution well below the freezing
pointof pure water and freezes the ice cream rapidly.

iv) Sea water has freezing point below 0°C because it is the solution and contains
higher concentration of various salts,

A salt solution is prepared by adding 58.5g of NaCl in 0.75kg of water.
Determine the freezing point of the solution. The freezing point constant of
water is |.86°C kg/mol and the normal freezing point of water is 0.00°C.
Solution:

Depression in the freezing pointofthe water = AT, = ?

Freezing point of solution = ?

Mass of sodium chloride = W, = 117g

Molar mass of sodium chloride (NaCl) = M, = 23+35.5 = 58 5gmol '
Freezing point depression constant for water = K, = 1.86°C kgmol ™'

Mass of water =W, = 0.75kg

The equation for the calculation of AT is:

\
= b4 etin'™ S,
AT, = K; M, W,

117g
(58.5gmol ")(0.75kg)

BY putting the values, we get
| 8Ti= 1.86°C Kg mol™ x

AT, = 217.62°C
43.87
ATy= 496°C
The freezing point of the solution is equal to the difference of the original
'ﬁmmgmlmmdd jon in the freezing point of the solvent.

¢press
B¢ freezing poing ofthe solution = 0.00°C-4.96°C = ~4.96°C :

(37
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Example 10.1 :
hich 51.2g of sulphur 18 placed in 0.22kg of carh,

A solution is prepared in W : :
sulphide is 343 C and K value for carho

disulphide. i.e. AT, value for carbon di f
disulphide is 3.80°C kg/mol. Whatis the molar mass of sulphur? |
Solution: : .

ression in the freezing point of the carbon disulphide = AT, = 3.45°C
Mass of sulphur =W, =51.2¢g l)

Molar mass of sulphur = M, = el
Freezing point depression constant for carbon disulphide =K,=3.80°Ckgmal' |
Mass of carbon disulphide = W, = 0.22kg .
The equation for the calculation of molar mass of sulphuris:

e
AT, W
By putting Jne yalue, we have
‘ -1
3.80°Ckgmol  51.2g

L
e
FSN

L &
-
3
o
ag

10.4.4 Osmotic Pressure llld Reverse Osmosis :
Osmosis is the spontaneous process whereby the solvent molecules pass ™l
semipermeable membrane from a solution of lower concentration 0 SlUC
concentration solvent) into a solution of higher concentration of S0l coob
concentration of solvent). Osmosis takes place, when two solutions?f’ A
concentrations (a pure solvent and a soluti'oxi)' are separated by semiP”

membrane. A semipermeable membrane is a thin layer of ;matel"ial that

(372)
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clvent particles topass th rough itin the both directions and prevent solute particles
;oP'ss lth"Rh-. I'he rate of passage of solvent particles from the pure solvent side
ward the solution side s high enough, because of this, the quantity of liquid on the
qresolvent side decreusc.s: and the quantity of liquid on the solution side increases,
pence the cmnccn(ml‘lon of solution decreases, Animal bladder, cell membrares in
e cells of iving things (plants and animals) and cellophane (a polymer derived
fom cellulose) are the examples of semipermeable membranes. Consider an

axperiment in which a 10% concentrated sugar (glucose) solution is taken in a
l gistle funnel whose mouth is sealed

- with a semipermeable membrane,
| The funnel containing sugar solution
isthen place in a beaker of pure water.
In the start the rate of flow of solvent
(water) from beaker into the funnel
(sugar solution) is greater than the
nte of flow of solvent from funnel to
beaker. The solvent starts flowing
from the beaker through the
‘mipermeable membrane into the )
- Sugar solution side (funnel). s“f.',“c”nfx',’";.f“
Overtime, the yolume of the Figure: 10.7: Demonstration of Osmotic Pressure
“garsolution increases in the stem of
_“‘ﬁ‘..'mel Wwhile the water level in the beaker decreases. The process remains in
*Peration until the pressure created by the weight of the water on the semipermeable
” _gis'enough to stop the upward flow of water. At this stage the rate of flow
. "3ler from beaker to funnel becomes equal to the rate of flow of water from
“anel 1o peg cr and the solution level stops rising and the equilibrium is
0. Now the solvent flows at an equal rate in both directions across the
: ble membrane and the volume of the liquid on each side of the
¢ does not change. The amount of pressure required to attain equilibrium
et ¢ pressure. Osmotic pressure is defined as the pressure that must be
e, € high sojute concentration side to stop the flow of solvent through a
ey 1€ Membrane. It is denoted by capital pi (). The osmotic pressure of
hmon»is gian by:

X<
i BN RY or

More concentrated
" glucose solution

=
Less concentrated
glucose solution
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solution, R is the general gag ¢ 1

(0,08206atm dm’/mol K) and T is the absolute temperature. The osmotic Pressyre
expressed in atmospheres. The osmofic pressure increases by rise j 1
concentration of solute particles in the solution at a specific temperature | ::
increases by rise in temperature and decrease by fall in temperature, Qs
pressure depends on the number of solute particles in the solution but not onghe 13;
of solute particles. The two different solutions of equal concentration have the g,
osmotic pressure. The solutions that have the same 0SMOLIC Pressures are gl
:sotonic solutions. If the two solutions have different osmotic pressures; e gy,
concentrated solution is called hypertonic and less concentrated solution (i

solution) is called hypotonic.

Tabie 10.11: The Molarity and Calculated Osmo
Glucose Solutions at (298K)

Where, M is the molarity of

tic Pressure Values of Vanable Concentrations

4.5.0
9.00

p

==
Some of the Interesting Examples of Osmosis ‘

in sl
i) The leaves of plants give off water vapours that lead to the 1% " M‘

concentration in the leaf fluids. Water rises up from soil into plant 1ea¥®®

roots, trunk, branches and stem creating an 0SMOtic pressure. it
ii) If plants are watered with salt water whose concentration 18 Sﬁ‘w e
solution in the root, the roots will lose water rather than absorb it. G
become dehydrated and sooner ot later the plants die. oot
iii) The meat can be preserved by treating its surface with salt The ons‘i""
dehydrated and does not g0 bad and remain in a good condition b':w&cg '
there is no need of refrigeration for meat. The salt present Oﬂ.d‘c i The
produces a concentrated solution which is hypertonic t0 bacterid cells
on the surface of salted meat then tend to shrivel upand dié. ifY”" f
iv) Youare advised never drink excessive amount of sea wateh evel (0
badly damaged and you are in the middle of the sea. When sed wste;ac o
salt solution) is taken into stomach and intestine, the $¢3 water

(374)
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out of the stomach and intestine and the tissues become dehydrated. As a

consequence of dehydration thirst increases but not decreases because thebody:ﬁﬂf
ose water instead absorb it. o

Reverse Osmosis
The reverse of 0Smosis is said to be reverse osmosis. In normal osmosis, the solvent
flows through a semipermeable membrane from a lower solute concentration to one
~ of higher solute concentration but in reverse osmosis, the pressure greater than
asmotic pressure is applied to flow the solvent through a semipermeable membrane
fromahigher solute concentration to one of lower solute concentration. The process
.~ of reverse 0smosis is used to purify water. This process is particularly used to
remove contaminates from sea water to make it fit for drinking. The world largest
desalination plants are present in Saudi Arabia that treat salt water by reverse
0smosis 1o produce fresh water and fulfill at about 50% requirements of the country.

10.5 Colloids

10.5.1 Types of Colloids
There are eight types of colloids on the basis of phase

(solid, liquid, or gas) of the dispersed substance and —w
 ofthe dispersing medium.,

1) Liquid acrosols may be formed when liquid |A colloid (or colloidal

droplets are dispersed in a gas. Examples of liquid |dispersion) isa homogeneous

*erosols are fog, mist, and aerosol sprays. mixhare ‘of “ .
1) Salid aerosols may be formed when solid Pt /

Particles are dispersed in a gas. Examples of solid

?osols are dust, and smoke in air.

'fl) .[.iq uid foams may be formed when a gas is dispersed in a liquid. Examples of

“9Uid foams are beaten egg white, and shaving lather,

W) Solid foums may be formed when solid particles are dispersed in a liquid.

v"‘@plcs of solid foams are Styrofoam, and marshmallow. | o
Emulsions may be formed when liquid particles are dispersed in another liquid.

W) ¢ !cs of emulsions are mayonnaise, and face cream. ‘ '
Bels ~May be formed when liquid particles are dispersed ina solid. Examples of

i) 1 Pulter,and jelljes, _ e abn
Ui 5o may be formed when solid particles are dispersed in a liquid.

Vil S'p & 0fliquid sols are pudding, and ink. _

E‘in;,“d 0I5 may be formed when solid particles are dispersed in a solid.

*0fSolid sols are steel, and pearls.

| (375)
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' \ s of C and thewr exam s
Table 10.12: Types ol ( olloids and Thoil =2 [
- — ...___,l e + ~RES .

£ ] Stateof | Stateof  Example

g | Resulting | Name
B e e i inned cream. sh W
- Whipped cream, shaving lather,
Gas Liquid Liquid Foam soap lather, beaten egg white

e ir—

B =eal e Styrofoam, marshmallow,
Gas Solid | Solid ' Solid foam sponge, rubber l
1 e

Mist, fog, clouds, sprays . D

| 3

. Liquid | Gas Gas Acrosol | Mist, fog |
Liquid Liquid Liquid PEmulsion ' Mayonnaise, milk, face cmmﬁ*'
. Liquid | Solid Solid Gel | lelly, Cheese, Butter, gelatin
 Solid Gas Gas Aerosol | Smoke, airborne viruses |
. Solid Liquid Liquid Sol Paint, ink, puddings
Pearls, opals, ruby, porcelain,
Solid Solid Solid Solidsol | coloured glass, some metal
alloys such as steel -
lassified

Colloids in which the dispersing phase is water may be ¢
hydrophilic or hydrophobic. A colloid in which there is strong attractive fore
between dispersed phase and the dispersing medium (water) is known 8
hydrophilic colloid. The examples of hydrophilic colloids are gelatin in water, 00
jellies. A colloid in which there is a very weak attractive force between dispersed
phase and the dispersing medium (water) is known as hydrophobic colloid: T
examples of hydrophobic colloids are milk and mayonnaise.

10.5.2 Properties of Colloids

Some of the important properties of colloids are as follows: 4
) Colloids are also homogeneous like that of solutions but borderlin® ™ o
the particles of dispersed phase may be uniformly distributed amoté oldi
particles of dispersing medium. A colloid is also known col.‘ﬁ"
dispersion because the particles of dispersed phase remain dispe""d ¢
dispersing medium butnotdissolved. . W
ii) The colloidal suspensions are often translucent or opaque put M
transparent.
iii) Colloidal particles are intermediate in size: that is. the S1Z€ °f,
particlcs is greater than the size of the partic’les of ;he true solutla“s
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qaller than particles of suspensions that can be seen by naked eye. Colloidal
;miclﬁ have dimensions ranging from approximately 2nm to 1000nm, Particles

with diameters 0.01nm o Inm are true solution particles and those larger than

|000nm are suspension particles.

i) The colloidal suspensions and true solutions look similar to the naked eye.

gut the collotdal particles are too small that are not usually scen by the naked
_ eve and even with an ordinary microscope. However, they can be detected by
["‘ cectron microscope. On the other hand. the particles of true solutions are so

. small that they cannot be seen by the naked eye and microscope but the

¥ purticles of suspensions are so large that can be seen with microscope and can often
beseen with the naked eye.

v) The particles of colloidal suspensions are not settling out under the influence
of gravity because their particles are in constant random motion, called Brownian
- motion, which keeps them from settling. This is due to small sized-suspended
patticles of colloids. The motion of colloidal particles increases by rise in
kmperature and decreases by increase the viscosity of the colloidal suspension. The

motion of colloidal particles can be detected by ultra-microscope.
| ) The diffusion of colloidal suspensions is very slow due to large sized-

“spended particles of dispersed phase than that of solution which is fast due to
| #mall size of solute particles. The suspensions do not diffuse. Diffusion is due to

 Brownian motion of particles which is more rapid for small sized-particles.

¥ii) Colloidal suspensions pass through filter paper but do not pass through
“Tipermeable membrane.

‘f“f") One of the most important properties that distinguish colloids from solutions
1% ability to scater light. When abeam of lightis passed throughatrue  solution,
““ﬂﬂﬁlseetbe path of the beam of visible light because the light is not scattered
,&m‘mﬂ" size of solute molecules. However, when a beam of light is passed
Tough # colloidal suspension, we can see the path of the beam of visible light
oy the light is scattered by the dispersed phase. This phenomenon was first
lrm“’ by the Irish physicist John Tyndall (1820-1893), and is termed as the
,"ldlj 8lh l:ffCCL Consider the examples of Tyndall effects. The visibility of
S 9Fcars is not better in the fogging weathers because the colloidal-sized

' -wi;:"‘f’ fog scatter the light. The particles of dust can casily be seen inabeam
"I the air of a room because the colloidal-sized dust particles

@7
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(b) (c)
Figure 10.8: (a) Light passing through solution, (b) Light Scattering by I
Colloidal Suspensions, (¢) Light Scattering by Colloidal Suspensions .1

scatter the light. The sky looks blue because the colloidal-sized particles in the
scatter the light.

Some of the properties of solutions, colloids and suspensions are compared
thetable 10.13.

Table 10.13: properties of solutions, colloids.and suspensions

Property | Soltion | Colloid | Susp
Typeof | Homogencous Homogeneous :
Sizeof | 00lnmiolnm | 2nmto 1000 am
moﬁlﬁﬂ" Cannot scatter Scatter light
Mg oo | light ‘ 4
3 2 : - ~ s t
ey | Transparent Cloudy (translucent) , Opague
| Do not scttle Donot settle down on standing | Settle @™
f | down on standing _ standig
bility | Non-filterable | Non-filterable |
ration | The solute can be | The dispersed phase can be |Cane
T | separated from | sepmrated from dispersing medium | <P
| the solventby | by semipermeable membranc; that | i
| evaporation and | is, cellophane and cell walls i
| distillation. i g L
Invisible by [nvisible by naked eye and withan | VS C
| naked eye and Ol'dmlry:: Sy naked &
PR microseope ¥ T
L e <P
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olution is & homogeneous mixture of two or more substances that may be

. gases _“Fll“ds or solids. The component of solution that is in larger amount is
 the solvent. The component of solution that is in smaller amount as compared
tos [vent is called solute. The solution of substances in wateris called aqueous
 solution (aqua means water). Liquids solutions may be coloured or colourless
- butclear and transparent. The solute particles of solutions are very small and |
cannot be seen by the naked eye and mMiCroscope, |
» Asuspension is a heterogeneous mixture and the particles are so large that can
be seen with microscope and can often be seen with the naked eye. The '
particles of suspensions are large enough that they settle out under the
influence of gravity. |
» Acolloid is a homogencous mixture of two or more components like solution.
The dispersed particles are intermediate in size between those of a true
solution and suspension and do not settle out under the influence of gravity. |
‘The dispersed particles of colloids are so small that are not usually seen by the
nzked eye and ordinary microscope. But can be detected by electron i
microscope. . |
* The solubility of solute is the maximum amount of solute dissolved in given
amount of solvent to make a saturated solution at a given temperature. The
solubility of solids and liquids in a solvent is usually increases by increase in |
temperature. In contrast, the solubility of gases decreases by increasing

temperature. The solubility of gases increases by increasing the pressure over ‘
the solution of the gas. : R :
* Concentration is the amount of solute dissolved in the given amount of solvent
~orsolution at a given temperature. The conqenﬁ“aﬁon.ofthe- solutiqn can be |

_ permillion, parts per billion, and parts per trillion.

* Asubstance which has measureable vapour pressure ismid\t.obc,wola'tilc while
@ substance which has no measureable vapour pressure is said to be non-

A

volale, | |
* Osmosis is the flow of solvent molecules through a semipermeable membrane
 fomalow concentrated solution toahigh concentrated solution. - |
* Osmolic pressure is the pressure that is appled on the high solute
 Soncentration side to prevent osmosis fromhappening.
10 reverse osmosis. the pressure on the more concentrated §1demapphedm:
| PS5 the solyent molecules but not the solute partcles through o
 Semipermeable membrane. This process is used for desalination ofsea water. |

E e e
e S ————

(379)

Scanned with CamScanner



Four answers are given forea

1)
(a)
(c)
i)
(2)
iii)
(a)
(c)

1v)

ch question. Select the correct one:
One molar solution has one mole of solute in the solution of:

1000 ml (b) IL

bothaandb (d) 1000g

Which one of the following is more concentrated:
0.IM (b) 025M (¢) 0.5M (d) 0.75M
Which one of the following is the example of colloid:
Ink (b) milk of magnesia

ghicose solution (d) soda water |
The mole fraction of ethyl alcohol in the solution consisting 23g ethyl

alcohol and 3.2g methyl alcohol is:

(a)
V)
(a)
(c)
vi)
(a)
(c)
vii)
(a)
(b)
(c)
(d)

viii) The solubility of which one of the following substances

0.17 (b)0.37 (c)0.63 (d)0.83
Which one of the following is NOT soluble in water:

Benzene (b) phenol

ethyl alcohol (d) table salt

Which one of the following is a colligative property:
Melting point (b)density

boiling point (d) elevation in boiling point

Elevation of boiling point is directly proportional to:

molal concentration of solution
molal concentration of solvent
molar concentration of solvent
molar concentration of solution

inreas®™

rise in temperaturc:

(a)
1X)
(a)
X)
(a)
(c)

CO, (B)CeySO);  ()KNO, (d)0;
The solution cools when water is added:

KNO; (b)CuSO, (c)H,S0, (d)LiC!
Which of the following can NOT scatter light:

sugar in water (b) milk of magnesia

starch solution (d) fog
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Q2

03,

Fill in the blanks with suis
i) Theoxygen gasis T
i) The solubility of the gag s

able words given in the brackets:

soluble in water. (completely/slightly)
____ by doubling the partial
pressure of the gas above the solution. (doubled/quadrupled)

i) Spongeisan example of - (suspension/colloid)

iv) The component of solution which is in amount is called
solute. (larger/smaller)

V) The concentration of solution o
(0.1M/1 M)

vi) The relative lowering of vapour pressure is
to the mole fraction of solute. (directly/inversely)
vil) 15% W/W sugar solution contains 152 of sugar in 100g of
, - (solvent/solution)

Viii) I8 & process in which an ion or molecule is surrounded by
solvent molecules, (hydration/solvation)
1X) The freezing mixture, whi

f 6g of urea per liter is

_proportional

ch is used to freeze the jce cream, is
prepared when 1s mixed with ice. (KNOJAgNO,)

X) A semipermeable membrane is a thin layer of materjal that allows
particles to pass throu ghit. (solute/solvent)

Label the following sentences as True or False:
1) AgClis completely soluble in water.,
i) Glycerinisused as antifreeze in the radiators of automobiles.

ii) The amount of NH,ClI needed to make 500mL of 0.25M solution is
6.69g.

¥) We can see the path of visible light when a beam of light is passed
acolloidal suspension.

) Beaten €gg white is the example of liquid foam.
;lu)n d:?f impurities of the substances are usually expressed in parts per

Y1) 20% vy alcohol-water solution means that 20mL of alcohol
d!i‘"'\'ed in enough water to make the total volume of solution 100m]

Y1) The hea jg absorbed when sulphuric acid is dissolved in water.

%) A Solution which can dissolve further solute on addition is known as
Slurgreq solution. |

}‘t%“e “ompletely miscible solutions can usually be separated by
Nal distillation,
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0.4: Definesolution. What arcthe ge

Q.5:

Q.6:
Q.7:
Q.8:
Q.9
Q.10;

Q.‘ll:

Q.12:
Q.13:

Q.14:
Q.15:

Q.16:
Q.17:

Q.18:

Q.19:

Q.20:

Q.21

Q.22:

0.23:

Q.24

‘The molarity of solution is affected by temperature change and

neral properties of solutions?
Distinguish between hydrophilic and hydrophobic molecules What g
function of soaps and detergents?

What are liquid solutions? Explain in your own words with examples
What are the different types of liquid solutions? Explain in detail,

What is the meaning of “like dissolves like”? Explain with examples,
Explain why table sugaris dissolved in water butnot in benzene?

What is the effect of temperature on the solubility of liquids in liquids g |
solids in liquids?

What is the effect of the pressure on the solubility of gasesin liquids?
What is the effect of the temperaturc on the solubility of gasesin liquds!
What happens:

(a) When the pressure of CO, gas above the solution of carbonaid
beverage is increased and

(b) When the temperature of the carbonated beverage is increased?
Why we drunk carbonated beverages only cold but not hot?

Why does a bottle of carbonated beverage effervescence when it
uncapped the bottle? | ¢
The carbonated beverage is keptin closed vessel, why? :
Discuss and explain the heat of solution.The heat of solution is &
negative or positive for solution, explain.
What do you think, the rise in temperature will increase or decf“’".
solubility of NH,Cland NaOH in water? )
What do you know about concentration units of solution? Desert® ™
compositions of solutions in terms of weight by weight, weightby ™"
volume by weight, and volume by volume percent. it
What do you mean by molarity and molality of solution? ¥ ©
mathematical equations to calculate molarity and molality of soluio®

solution isnot affected by temperature change. Explain.
Why the sum of the volumes of individual components is not

equal to the total volume of solution? - #
What is mole fraction? Why the sum of all the components Gt
solution is equal to one? iH il

Describe and explain the concentration units pmper.millioﬂ’
trillion. ’ T
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Bk Explain Raoult'sdaw with the help of three statements when wlulﬁi&ﬂw o
volatile and solvent is volatile

Q.26: Explain Raoult's law when both of the components of solution; that s,
solute and solvent are volatile,

Q21 A non-ideal solution shows two types of deviations from Raoult’s law; that
is positive and negative. Explain with the help of graphs.

Q2% Whatis the difference between ideal and non-ideal solutions?

Q2% What is the meaning of the term colligative? Define the term colligative
property and namie the four colligative properties of solution. What are the
conditions for colligative properties?

(1.30: The vapour pressure of a solution containing a non-volatile solute is always
less than that of pure solvent, justify,

(.31 Why 1s the vapour pressure of sea water less than that of pure water?

Q32 How can you calculate the molar mass of non-volatile and non-electrolyie
solute ina volatile solvent?

Q33: Explain freezing point depression and boiling point elevation in your own
words. Give applications of freezing point depression and boiling point
elevation.

034 Explain osmosis, osmotic pressure, and reverse osmosis. Give their dai ly
lifeapplications.

135 What is colloid? Describe the types and properties of colloids,

136: Whatis the difference between solution, colloid and suspension?

47 Explain why a solution and a colloid are considered as homogeneous
mixtures while suspension is considered as heterogeneous mixture?

¥ Whatis the Tyndall effect? Give two examples of this effect.
: Define the terms solute and solvent. Identify the solute and solvent in the
Slutions given below:
@) 10gof sugarand 100g of water
(b) Sgofoxygen and 20g of nitrogen

g; i‘;‘“fwmma 30mL of ethanol
”.“) Soda water |
,S;Z?(llamme weight percent of gold ring containing 2g of platinum and 7g
oo |
Ceetlate the W7y v of 0.5 liter of soft drink that has 55 of dissolved
ndioxide gas.
(383)
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Q42

Q.43

Q.44:

Q.45:

Q.46:

Q47:

Q.48:

Q.49:

Q.50:

Q.51

Q.52:

A cup of 200mL. of hot milk tea contains S0mL of milk. What ig (ke N :
ofthe tea? B

A solution contains 12.25g of KC10,, dissolved in 5 10" g of water
15 the molality of the solution? g

How many grams of calcium chloride are required to prepare 0,01
0.025M solutions? ]
If 15g of urea (N,H,CO)is dissolved in 5 x 10°mL of solution, calcuk :";
molarity of the urea solution. e
Calculate the molality of each of the following solutions containing:
(a) 0.1 molofsolutein0.25kgof solvent

(b) 0.25 mol of solute in 0.1kg of solvent

Calculate the molarity of each of the following solutions containing:
(a) 1.50 molofNaClin0.50L of water

(b) 2.25 mol of rock candy in4.50L of water.

A solution is prepared by dissolving 9.2g of toluene (C,Hy) in 398@
benzene (C,H,). What is the mole fraction of toluene in this solution”

87

The bottle of one liter mineral water contains 78mg edmnm.%
magnesium, Smg sodium, and 1 mg potassium. Calculate the =
of each mineral mthemmeralwatermppm,ppb andppt.

What is the boiling point of the solution that contains Z&.ZSgof il
(CH{NH,) in 0.75kg of ethyl alcohol? The boiling point ,é:;;
alcohol is 78.26°C. The boiling point elevation constant for ethylalco®=
1.22°C kg/mol. .

A solution prepared by addlng 1 30g of an organic mpomdlﬁ :,_'_" |
ether has ATb and Kb values for ether 3.06°C and 2. 02°C T
respectively. Find out the molar mass of the organic compo und.
Calculate the freezing point of sugar solution conts ining 8553 ¥ !
(CanO,,)andZZ S0kg of water. TheK,valucforwﬁe:jsl g6°CRE™
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