10,1 General Properties of Solutions

102 ‘Concentration Units

103 Raoult's Law o

104 Colligative Properties of Non-Electrolyte 10 Solutions
10.5 Colloids

“ Tﬁc-slﬁdéms will be able to: |
[ist the characteristics of colloids and suspensions that distinguish them from
solutions. (Applying) |
e Define hydrophilic and hydrophobic molecul
e [Explain the nature of solutions in liquid phase giving example

miscible, partially miscible and immiscible liquid-liquid solutions.

e Explain the effect of temperature on solubility and interpret
(Analyzing)

e [Express solution

per million.billion an

Define the terms colligative, (Remembering)

Describe on a particle basis why a solution has a lower vapor presst

solvent. (Applying)

Explain on? ﬂan;cle basis how the addition of a solute to a pure SOE, sl

+|evation of the boiling point and depression of 7i tof BEF

solution. (Applying) £ of the freezing PO

Describe the role of solvation in the dissolving process (Unders

. Definetheterm waterof hydration. (Remembering)

Explain concept of solubility and how it applies to solution saturaﬁ

Distinguish between the solvation of joni : e

(Understanding) of fonic species and molet

[
es. (Remembcring) _
s of comp™
(Apphyiné!

the solubilify £55

s
§

concentration in terms of mass percent, molality, mol"

d trillion and mole fraction. (Remembering)

tandiﬂgf-

on. (A ..'
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that has mass and occupies space is called matter. Matter is of two types:

bstance (pure substance), and (i) mixture (impure substance), Mixtures are
jed as cither homogeneous (uniform composition throughout) or
geneous (different  composition in different regions). Solution is a
neous mixture of two or more than two different substances consisting of
“molecules. A solution has at least two components. The component of
pwhich is in lesser amount is called solute and the component which is in
amount is called solvent. For example, NaCl is solute and water is solvent in
falt-water solution. In the everyday routine, we make or use solutions very often. In
he start 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

s are natural gas (homogenecous mixture of gaseous lower hydrocarbons),
ine (homogeneous mixture of liquid hydrocarbons), soda water (solution of
(0 inwater), milk, sea water, steel, shampoo, and the air we breathe, The amount
of olute in the given amount of solvent or solution is called concentration of
salution. The solution which has relatively lesser amount of solute is called dilute
I and the solution which has relatively a larger amount of solute is called
entrated solution. For example, 5% aqueous solution of sugar is dilute than
" aqueous solution of sugar. Likewise, the 10% aqueous solution of sugar is
foncentrated than 5% aqueous solution of sugar.

 The solution of a substance in water is called aqueous solution. Aqueous
ns are the most common solutions and play an important role in chemistry,

€xamples of aqueous solutions are sugar-water and salt-water solutions,

may be gases, liquids or solids. There are nine types of solutions on the
50 ‘Wsical,states (i.e. 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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hd | Solid | Mercury 10 Silver (dental amal gam)

I tiduid |  Solid |
| | l . Cheese, Butter
\_Gas Bl e 1— A | Dust in smoke e -
| \_f il S | Sugarin 1,0, Jellies, Paints,
l Solid . Liquid | Liquid | yincgar. sea water
L el e
. : . Metal alloys, steel, pearls, opal
S l g S opals, ruby,
\ olid | Saolid | Solid | garmel. Brass (Cu/Zn), Solder (Smphl;

Keep in Mind

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

In general, polar colutes are dissolved in polar soly ¢ nts and non-polarsouts
are dissolved in non-polar solvents. The common polar so! ~nts that are used i
|aboratory are water, acetone, methyl alcohol, and ethyl alcolinl. The commonid®
polar solvents are ether. chloroform, carbon tetrachlorid -, hexane, folue i

benzene.

10.1 General Properties of Solutions

gome of the general properties of solutions are:

i) Asolutionhasat least two components: a solvent and a solute. {tmayh
than two components: a solvent and two or more solutes.

ii) A solution does not have fixed composition; that is, the ratio of solu ot
different from solvent.

iii) Thesolutes particles consist of ions or molecules.

iv) Solutions may either be colourless or coloured and are usually uanspﬂf‘“zw
v) The properties of a solution do not remain same when the 107 solt®
solvent is changed.

vi) The solute particles are uniformly distributed in the whole solV
solution is hOmMOEENeous throughout. The solute particles will not wgett
atime. The composition and properties of the every part of the s olution
game as every other part. ~b°-~‘
vii) The solute can generally be separated from the solvent by physica' Gl
guch as evaporation and distillation, |

gve e

fiow
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10.1.1 Solution, Suspension and Colloids
Mixtures are classified into homogeneous mixtures and heterogeneous mixtures.
Homogeneous mixtures are further classified into solutions and colloids.

Asolution 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

'

N
-

/

about 0.01nm to Inm. Examples of some common solutions are sugar in water, soft
dninks, gasoline, and air,

Asuspension, on the other hand. isa heterogeneous mixture and the particles
are s 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
i 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)re tomponents like solution. The word colloidal means “glue-like” and was
onginally applied to sticky substances such as starch, gelatin and glve. We cannot
¢ the 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

4r¢ suspended in the medium. We, therefore, use the terms dispersed phase for
Ute and dispersing medium (or continuous phase) for solvent. The dispersed
Particles are Present in lesser amounts than dispersing medium in colloids,
Ples of colloids are milk, hair sprays, fog, smoke, clouds, butter, face ¢cream,

|

R, '€, starch and blood serum. The dispersed particles are intermediate in size

“enthose of a true solution and those of suspension. The dispersed particles of
5 4I€ 50 small that are not usually seen by the naked. eye and ordinary
| V5Cope, However, they can be detected by electron microscope. Dye tq

ilive|
will

', Clesis about2 nmto 1000 nm.

(341)
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10.1.2 Hydrophilic and Hydrophobic Molecules

Hydrophilic (adj.) (Greek = 'water loving') molecules are polar and having affiniyy
for water. They have ability to form hydrogen bonds or 10n dipole forces with g,
and are readily soluble in water. Hydrophilic substances arc also known s nolar
substances. Examples of hydrophilic molecules are Sugars, salts (NaCl), aleohols
(ethanol).

Hydrophebic (adj.) (Greek = 'water hating’) molecules are non-polar and gp
repelled by water. The word hydrophobic does not actually mean that they by
water but it means that they are unable to form hydrogen bonds with water andarg
not dissolved in water. They are dissolved in non-polar solvents such as ethe,
carbon tetrachloride, benzene. Hydrophobic substances are also known as 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 it? The sugar
forms hydrogen bonds with water and is dissolved. What happens when we addw ‘
test tube of oil in another test tube containing water? The o1l does not mix Wil

water. St‘ig;ag_is_hydrophilic and oil is hydrophobic.

f:‘ B WL e Ty et SPRPRPC

Ul MW sh ‘.j’" ; _4' -
The use of Soap and Detergents o
]T;lllcésg:; il:; generi:lly used forrgathil_lg and detergents are used for WS
Soaps are mixtures of sodium or potassium salts of fatty acids. A s0ap!
i« amphipathic and has two ends, the head and the tail, The head of th
hydrophilic and the tail of the soap is hydrophobic. When we put $04P
The hydrophilic endis attracted to water and the hydrophobic endis
water. Hydrophobic end that consists of long chains hydrocar
<tructurally similar to oil is out of water and is attracted by other hy¢
substances such as oil droplets and grease that are present at the surface
*loth. The soap in this way forms an emulsion (colloid) with water s |
1o wash skin, clothes or greasy dishes to remove stain or dirt ﬁumthe‘;dw o)
Like soaps‘,fdctergen also have_eculis;w ith a polar cnda non-F+

0.1.3 The Nature of Solutions in Liquid Phase 0

may be gaseous, liquid, or solid as we know. But here we W! e |
ots 0 ol ﬁ'

Solutions ' |
liquid solutions because they are in the interests of chemists as |

il , ost @™
great significance occur in liquid sqlunons andarcundoubtedly ﬂ‘el‘?mg e |
important. Liquid solutions are formed by dissolV

d 1
i (342)
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liquid, or solid in a I'x'quixl solvent. The process of dissolving of solute in a solvent is
called dissolution. Examples of liquid solutions are soda water, lodine tincture, tap
water, sea water, house hold ammonia, brine. sodium-potassium alloy. Liquid
solutions 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 sada water. Soda water is an
example of gas-liquid solution where carbon dioxide gas is dissolved in water.
Antifreeze is an example of liquid-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 Liquids
Liquids which dissolve in cach other in all proportions are called completely
miscible liquids. For example:
“1) Alcohol and water
1) Alcohol and ether
« 1ii) Benzene and toluene
| i¥) Phenoland H,Oabove 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,
 heatmay either be evolved or absorbed. Such solutions can usually be separated by
fiactional distillation. "
) Partially Miscible Liguids
Liquids which are slightly soluble in each other are called partially miscible liquids.
| ;‘=°',-°2‘31nple:
1) Etherand water
) Bromine and water
:?) Phtfn-ol and water below 67°C
/. Aniline and water
_ Whenequal volumes of ether and water are shaken in separating funnel, then
W0 Jayere are formed. Each liquid layer is a saturated solution of the other liquig,
1 Solutions are called conjugate solutions./ Solubility of these conjugate

“Utiong i affected by temperature changes.
(343)
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©) Practically lmmiscible Liquids
Liquids which are completely insoluble
liquids. For example:
1)  Benzene and water
ii) Carbon tetrachloride and water
iii) Chloroform (CHCI;) and water
iv) Carbon disulphide (CS,) and water
10.1.4 Solubility
| The concentration of the solute in the solution w
solid substance at a definite temperature is called solubility. For example,
solubility of NaClin 100g of water at 0°C1s 35.7g.

It can also be defined as:

The amount of solute dissolved in 100g of solvent to make a satursted

solution at a definite temperature is called solubility.

in onc another are called mlmi\‘tim
by

hen it is in equilibrium withth

/ Units of solubility are:

- i) No.of grams ofsolutein 100g of solvent

| iiy Moledm’ |
i Various methods are used for the determination of solubility. One of them®
] given here:

| The saturated solution of a solid mass is prepared at a constant temperaift l

Then this solution is filtered. A Known volume of this solution is evaporated 2%

china dish and from the mass ofesidue, the solubility is determined.
The extent of solubility of solute in a particular solvent depends of the®

of solute and solvent particles whether they are polar or nen-polar, the tem
at which the solution is formed, and the pressure of the gaseous solute.
The Natareof Solute and Solvent i
The intermolecular attractive forces that are present among Jiquids and solid® w
key role in the formation of salutions. The intermolecular forees ywill end?t l[
understand, why water dissolves table salt (or sugar) but not clissol Ve '
motor oil). A general rule of thumb that, “like dissolves like™ is appli d" ;
means that polar solvents dissalve polar solutes and non-polar solvents ,ssﬂ
non-polar solutes. For example, polar solutes such as NaCl and sug® 8’: L

in water (polar solvent) and non-polar solutes such as cooking, oi! and I
not dissolved in water (polar solvent).

(344)
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When NaCl an tonie compound is dissolved in water, the inter-ionic
aractive forces among NaCl particles are overcome and they are split up into
witive 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
process i which an 1on or molecule is surrounded by water molecules is called
hydration. In a broader way, the process in which an ion or molecule is surrounded

% pysolvent 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
arc 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.

Keep 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
With rise 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
ostances such as cerjum sulphate and cesium sulphate decrease with rise in

l_{}f*?P in Mind

mwmmmm is not only affecting the rate of dissolving, italso affects the solubility,
The‘ute of dissolying of solute is directly proportional to temperature; that is, the rate
s dlssolving of solute increases by increase in temperature and decreases by decrease
inen Petature. But the amount of dissolved solute in the solution may decrease or

W by raising temperature of the solution,
The .. Y Of Solids in Liquids Tl
mSollds have strong attractive forces among their particles. The energy s

- " 10 overeome hese attractive forces among particles of solids when a solid
(343)
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is dissolved in liquid. The rise in temperature usually increases the SOlubiliyy o
solids in liquids. For example, the solubility of sugar (sucrose) in 100g of Watgy
0°C is 179g, at40°C is 238g and at 100°C is 487, The solubility of some soliqs
NaCl is little affected by rise in temperature. The solubility of NaCl in 100g of waig
at 0°C is 35.7g, at 40°C is 36.4g and at 1010;(‘ is 39.2g. The solubility of sodiyy

chloride increases only about 3.5g. On l
the other hand, the solubility of some _ - ¥ B it

{ : . ©, so|® -
solids decreases by rise 1In :g‘ - -——O‘L ‘
temperature. For instance, the § ‘g‘ |
solubility of cerium sulphate at 0°C is & = 3 7
20.8g, at 40°C is about 6.7g and at -!3 ¥ . — A
100°C is about 3.87¢. The solubilityof 2 | el , Al
cerium sulphate decreases about 17g. g =1 & |
The solubility curves are shown in the m ‘ | Beo o ol
figure. The solubility curve is a > [ Ce0h
graphical representation between % 70 20 20 40 50 60 70 ¥ "o
temperature and solubility of solute in i

a particular solvent. increase by increasing temperitir

Fig. 10.1: Solublity of most compoutds ‘
Table 10.2: Solubility in Gram of Selutes in 100g of Water
Temperature
; , y

| :

I
Ko |

NaCl 357 a5 [aga 371 30 ]
CutOn | 179 | 204 | 2w | gy | 302 |
a0, | 1B | W6 | | ap |5
CexS0a)s 208 | 100 ' ‘

AR o = T e
| COjatSP | 0335 | 0169 e 4|

 o.uSP | 0006% | 000537
Solubllity of Liquidsin Liquids 3
o> 4

The attractive forces among the particles of T ver than SO o
S : A 1quids aker : 3!
additional energy is not required 1o overcomge t}u:;ree :vme ctive orce®

(348)
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dicles of liquids when it is dissolved in another liquid. We can say that the rise in
eperature usually does notattect the solubility of most of the liquids in liquids.

Solﬂb““-‘ of Gases in Liguids
| There are weak attractive forces between gas molecules, so the additional energy is
ot required to overcome these forces among the molecules of gases when they are
gissolved in liquid such as water. The energy as heat is released when a gas is
dissolved in water due to forces of attractions between gases molecules and solvent
« molecules. It means that this is an exothermic process and is favoured by fall in
! emperature. 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
atmactions between gases and water molecules decrease.

Heat of Solution

The energy changes during the formation of a solution are called energetics of
slutions 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

ﬁ‘ll endothermic process. Heat of solution measure the intermolecular attraction

tween solute and solvent molecules. When KNO, is added to water, the
x"""Peffilm‘e of the solution decreases which shows that it is an endothermic process.
KNO, o+ H,0, === Ko+ NOj,y  AH=+357kImol
The solubility of potassium nitrate in water is increased by rise in
re. The solubility of solutes that has positive heats of solution is usually
bYﬂse ntemperature.
 WhenLicy s added to water, the temperature of the solution increases which
3 !ham 15 an exothermic process.
l(., + H,0, == Ligg* Clig AH =-37kJmol™
Solubility of lithium chloride in water is increased by fall in temperature,
Ubility of solutes that has negative heats of solution is usually raised by fall
‘dlure, By i Increasing temperature, the solubility of solutes usually falls in

"&%e.
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Table 10,3 Heal ol Hnl||”nll l‘ll RILLLE b "'_'_"" i Room T nperatre

B e | e
| NaClg | T ] Lo CH;COOHqy | s
_—QEH,,-, ut _—*-4_4.571_—_ £ H:SOMQ _‘ o —74;3,37
MERRB " Sy o How | . Sl
NHNO;q % -_031654 Y s J‘i”jgy e =30.50
KOH, e | NEGky ol SR |
KClOxy T J,_,ésbﬁ)n_«a_;_ E
CuS04..5H,0y s |- ouNOww G0 k.
MgS0..7H;0,, 11590 | Ne:SOL10H O 854 |

sl LAtk = 4
Use of Cold and Hot Pouches :

Heat is either given off or absorbed when 1onie substances arc dissolved &
water. The endothermic solution process is used in the “instant cold pouches” and fhe

exothermic solution process is used in the “instant hot pouches . These instant Coldfﬂd

hot pouches are used in hospitals and at other places for the treatment of minor injuri.
s, the NHNO; (@

sprains, and bruises to reduce swelling. In instant cold pouche
NH,Cl) is packed in a stronger bag that is placed inside a plastic bag of water

inner bag that contains ammonium nitrate is broken by squeezing, the ammoat®
nitrate dissolves in the water in the outer bag. In this case, the heat is absorbed andk
uch becomes cold. On the other hand, the hot pouches generally contains CaCl (™

: SRl | '
MgSO szhwh on dissolving in water, release heatand the pouch becoglf__hﬁ/

10.1.4.2 The Effect of Pressure on Solubility o
The solubilities of solids or liquids are affected ‘very little or no! i
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 : fen

T “
{emperature. - \\-:ii'_f‘;-’ls}ul
(& i

Sax P or S=K.pP
) J|
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Where, K is proportionality constant, § is the solubility of the gas in the

lvent, and P1s l.h? pﬂl'l}aI pressure of the gas,

~ Thesolubility o J ”‘&‘_S“S 15 doubled by doubling the partial pressure of the gas
shove the solution and is tripled by tripling the partial pressure of the gas above the
lution, and so on. The solubility of CO, gas at one atmosphere in 100g of water is
1.169g at 20°C. The solubility of CO, gas will be doubled (0.338g) by doubling the
aressure 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 enteri.. 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.

() Dymarmse aquilibrium (W) Geas presiure moreased (&) I)ynnmwr eiquibibium
Figure: 10.2: This diagram shows the concentration of dissolved gas
is proportional to the pressure of the gas above the solution

Nteresting Information W
Carbonggeq beverages are the saturated solutions of carbon dioxide in water
| ire, Carbonated beverages are bottled at a pressure of 5-10
When a bottle of carbonated beverage is uncapped, the pressure on
wace of the beverage is reduced to one atmosphere, and the bubbles of
it dlgx;dem,m out suddenly of the solution. This rapid escape of dissolved
~Maliquid is known as effervescence. 3

b Cmtl'ltlou Units of Solutions
40N of solution means the amount of solute present in a given amount of
We commonly deal with dilute (a solution which has relatively

(343)
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small amount of solute) and concentrated solution (a solution which p rel
large amount of solute) in our daily life. Sometimes we use unsaturateq (4 solyg
which can dissolve further solute on addition), saturated (a solution which is ft“
. 2 ; = £ S Tulk

loaded up with solute and cannot dissolve more solute at a given temperatyy. §

aliyg,

supersaturated (a solution which has more of the solute than the usya maxi:,,“‘
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 Kriow e
exact concentration of a solution; that is, the exact amount of solute in the givey
amount of solution. Chemists use several different concentration units, each of
which has its own benefits and drawbacks. The amount of solutes or solvents iy,
solution is generally measured in terms of volume, mass or moles and these unitsg;
usually called concentration units. The concentration of solution can be express

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

10.2.1 Percentage Composition

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

|
i) Weight by Weight Percent (W/W %) o
The weight by weight percent also called weight percent or percent by weig dl
percent by mass is defined as the number of grams of solute presentin 100 gﬂﬂﬁm
solution. For example, a 10% W/W sugar solution means contains 10 g of sug¥ \
100g of solution. The solution has 10 g of sugar (solute) and 90 g of water (solver
Mass of solute .

Mass of solution (mass of solute + mass of solv;l}ﬂ il
The solute and solution masses must be measured in the same unt

% age by weight =

grams.
Example 10.1

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

Solution:

Mass of glucose = 2.5g

Mass of water = 100g

Mass of solution = 100+2.5  =102.5g

(350)
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mmpcrccnl of ghicose solution " *j q
Mass of glucose

: cent of glucosesolution < 100
W“"Bhlpc‘ Mass of solution
2.5¢
= —=E_x100
102.5g
-245‘3(1
e

practice Exercise 1: ;
Caloule the weight percent of sugar (sucrose) when | 5g of sugar is added
to8sgofwater? !

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

geach |00mL of solution.

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

x 100

i

Volume of solution (mL)

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

Mass of NaOH in g 2
Volume of solution in mL
= 208 x 100

of solution = 100
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el 1
i) Volume by Weight Percent V/W %

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

Volume of solute
Mass of solution

% age by volume - weight = % 100

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 percent by volume)s
defined as the volume in milliliter of solute in 100 milliliter of solution, Fi
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 IU?‘-
V/V alcohol-water solution cannot be prepared by dissolving 10mL of alcoholn‘
90mL of water because the total volume of the solution may not be necessarily equd

to the sum of volumes of solute and solvent.
P ks S Volume of solute 100
b otad v Volume of solution i
The solute and solution masses must be measured in the same unity that 5.5
milliliters.
Example 10.3

An alcoholic beverage has 25mL of ethyl alcohol. 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 beverage
25mL
S TR,
=33.33%
(352)
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practice Exercise 3: -
; lculate the V/V % of 0.250L of vinegar solution containing 12.5mL of

s

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

The molarity has the units of mole per liter (mol/L). The mathematical equation for
! the calculation of molarity is as follows:

! No. of moles o > (n!
Molarity(M) = — .(fsf)lU(.L ("j', or
Volume of solution in liter (V)
; ass of s i
Molanty(M) _ Mass of solute in gram . | e
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 in mind that a solution of a
tiven molarity is prepared by dissolving the solute in enough solvent to make the
lalvolume of the solution one liter, We are niot allowed to dissolve the solute in one
lterof solvent, because the total volume of solution in this case might be a bit larger
_'h‘n one litet due to additional volume of solute. If the volume of the solution is
’]‘E?than one liter, then the molarity will be less than 1M for the solution.

" | Keepn mind

f i . . .
" Prepm one molar (1M) aqueous solution of NaOH, we are required to dissolve | mol (40g)
k ' Ehough water to make the total volume of the solution one liter. If we want 1o
e “IMN1OH solution, then we are required to dissolve 2 moles (80g) of NaOH in enough
e w the total volume of the solutien one liter. The solution whose molarity is one is
e molar sofution, g2

G|

leulate py, multiplying the molarity of solution with the volume of
fNO.

"],f}:mles of solute (n) = Molarity (M) x Volume of solution in liter (V)
Miclee - "UMbeT of moles of solutes enables us to calculate the number of
10 s0}ye those problems that involve quantities in chemical reactions.

(333)

1y, beMolaﬁtY I8 very useful to us because the number of moles of solute dissolved
08 g

i
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Solution:
Molarity of solution

254 | 001
KNO: 750 | 742
| Suerosc | 250 | 073 |
NH; &5 | 050
Example 10.4 :
What is the molanty of 2.5L of solution containing 2 Omol of ethyl alcohol?

{ o 118 ELLAARLY ol Solutien in Moty

= ?

Volume of solution = 2.5L
Moles of ethylalcohol = 2.0mol
: ot Moles of ethyl alcohol
larity (M) of solution = —
Molarity (M) Volume of solution in dm’
i 2.0mol
25 L
= (.8M
Practice Exercisé 4:
Calculate the molarity of the sulphuric acid solution when 49g of
acnd 18 dlssolved in 2 5 x 10‘ mL of solutuon

BN

r— Example 10. 5 ‘

parc | Mand 0.50M soluuons of glucosc

Solution:
Molar mass of glucose (CH,0,)=T2+12+96=18 Ogmofl

tion is prepared by dissolving 180g (1 mo D of ¥

¢ lucose
one literof solunon
o 0.50Mgluco is prepared by dissolving 0. somol (0 5q>d

of glucos in on hte of solution.

p,-uﬂce’Exerciu 5: ,
‘How canyou prepare 0.25M and 2.50M NaOH saluuon?‘ :
oW

(354)
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923 Molality

The qumber of moles of solute dissolved in one Kilogram of solvent 1s called
molality: It is denoted by lower case ‘m’, The molality has the units of moles per
jilogram (mol/kg). The mathematical equation for the calculation of molality is as
follows.

: No. of :
Molality (m) = 0. ol moles of solute

— or
Mass of solvent in kilogram
: Mass of solute in gram I
Molality (m) = —=0 ==
olar mass of solute Mass of solvent in kilogram

; The one molal solution of a solute is prepared by dissolving one mole of
solutein one kilogram of solvent,

{ For example, 1 molal HCI solution is prepared when one mole of HCI
(36.5g) is dissolved in lkg 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 asolution changes slightly when
 femperature 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 to one
. 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.

BB lable 10.5: Concentration of Solution in Molali
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Solution:
Molality of acetone solution =7
Mass of acetone = 290g
Mass of water - 500g = 0.50kg
Given mass of aceton€ _ I

Molali olution=——"—____ —
olality of acetone soluti Nolar mass of acetone Mass of Solve =

290g I

— =10m

M . 3 = ——
olality of acetone solution 58 g 0.50kg

Practice Exercise 6: - e D
What is the molality of solution that is made by dissolving 968¢ |

- 750g of water? o Rt ool

10.2.4 Mole Fraction

It can be defined as!
The number of moles ofa particular component
all the components present in the solution is called mole fraction.

X", Mole fraction has no unit.

divided by total number of molesdd
It is denated f

Mole fraction (X) = — Number of moles of one component
Total number of moles of all the componen!

The mole fraction of a particular component can be calculated as:
AL DA - DA
n A + na +n ¢ “t
i) Themole fraction ofa particular component is always less than 1.
ii) Thesumofmole fraction of the entire components is always unity-

[fa solution has 2 moles of NH, in 7 moles of water, the mole
is shown as Xy, and the mole fraction of water is shown as X 0 2 !ﬁ
of moles of ammonia and water in the solution are (2 mol +7 mol)= 9,007
mole fractions of ammonia and water in the solution are calcul ated 8s: ;

' 2
The mole fraction of ammonia = X, = No. of moles of am_gl_?ﬂli’f.%@
Total number of moles

fractioi"'

o o 7mo! < o
The mole fraction of water =X, .= No. of moles of water - ‘ﬁ
¥ Total number of moles
(356)
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The sum of the mole fractions of both the components of solution is equal to

one. ;- e Ts . -
Mole fractions are specially used for the calculations of concentrations of

gps mixtures but not for liquid solutions because other units of liquid solutions are
;m«al[y more appropriate, Mole fractions do not depend on temperature.

“anpi 107 T

Calculate the mole fraction of each component of solution prepared by
| dissolving 1.22g of benzoic acid (C,H,COOH), in 11.95g of chloroform
| (CHCL).

Solution:

Mole fraction of benzoic acid = Xenscoon =7

Mole fraction of chloroform = Konb =2

- —

Mass of benzoic acid = 1.22g

Mass of chloroform = 11.95¢g :

‘Moles of | Pt Mass of benzoicacid _  1.22¢g = 0,01 mol
: Molar mass of benzoic acid ~ 122g..5n]"" P
| Moles of ;Chlomf(;rm _ _ Massofchloroform ~ _  1195g 0.1 20l

| Molar mass of chloroform  119.5gmol

],?Wﬁﬁmw‘-ofmoles= 0.01mol +0.1mol = 0.11moles
Moles of benzoic acid _ 0.01mol

| Total number of moles  0.11mol _
| Mole fraction of chloro S Moles of chloroform 0.1 mol
i , ' Total number of moles  0.11mol

| ::Mnlé,fﬁ'aﬁion-of benzoic acid =

0.09

=0.91

B2 Paree .

iy Ler Million, Billion and Trillion

Mogr, "ﬁ are used for very dilute solutions in which solutes have very low mass
g These units can be used to express the amounts of pollutant gases in

Fa, g
e 'mpuuties present in the water, and the drugs in the human body
(357)
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Parts per million

The number of parts by mass (or volume)
parts by mass (or volume) ot the s

ppm=1mg/kg).

Parts per million (ppm) =

Parts per million (ppm) =

Parts per million (ppm) =

of solute present in one million (10 lag)
olution is called parts per mallion, [tis abbrevlaud

as ppm. One ppm is equal to one milligram of solute in one kilogram of solution (|

N‘dbs of solute In graras 105

Mass of solution in grams

Volume of solute in mL
x 10°

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 lhe
substances are usually expressed in ppm. For example, the maximum allowable |
amount of arsenic in water is 0.05ppm. A concentration of 0.05ppm means thzﬁ
you drink 10 lac grams of water, then 0.05g of those is arsenic and other 999999.953 ;

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

5

~ Sodium . 160.00 S
_Barium 1.00 —0d
“Amsenic 005 oy

" Chromium | _ 0.05 T e
[ Silver 005 o | osiE
Parts per Billion

The number of parts by mass (or volume) of
(1000million) parts by mass (or volume) of the solution is called parts p

solute present in On¢ bill®

or bl“lﬂ‘

is abbreviated as ppb. One ppb is equal to one microgram of solute in 00€ kol
of solution (1 ppb= 1pug/kg).

Parts per billion (ppb) =
Parts per million (ppb) =

Parts per million (ppb) = Mass of solute in grams ¢

Mass of solute in grams < 10°

Mass of solution in grams

Volume of solute in mL

x 10°

Volume of solution in mL

| | Volume of solution in mL
1t is used for very low concentrations of the solution

(358)
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parts per Trillion
”1\' nun:hcr “'. P‘"”-\ I[\ Mass (m \-'hmu'\ ol solute present in one II'i”i()n (”)00
pllion) Parts by mass (or volume) of the solution is called parts per billion, It 18
1t;hrcvi;1ted as ppt. One ppt is equal to one nanogram of solute in one kilogram of
:utuuon(l ppt= Ing/kg). |

Mass of solute in orams

lic = 12
arts per trillion (ppt) = — % 10 or
i Mass of solution in grams
e Volume of solute i .
Volume of solution in mL
ads Mass of solute i 3
Parts per million (ppt) = of solute in grams < 1022

Volume of solution in mL
Itisalso used for very low concentrations of the solution.

r_Euample 10.8 v ) it |

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
Mass of gold = 0.00lmg = 0.000001g
Volume of sea water = 1L = 1000mL
, ; : ; 0.000001 :
Concentration of gold in sea water in ppm = T()O—nTL—g x10° = 0.00i npm
- : 0.000001
Concentration of gold in sea water in ppb = l_(mO—ng x 10° = 1 ppb
. ; , 0.000001g . 15
Concentration of gold in sea water in ppt = Wﬂf x 10" = 1000 ppt

]

Practice Exercise 8: ;
Acollege student added one tea spoon of table sugar in the swimming pool. |
1€ concentration of table sugar is about 4 X lO*”g’pef liter of water. Ql
.'\ eming concentration of table sugar in water of swimming pool in ppm, p‘
Biandpy. | 5
3 Raoult's 1 qy

4,886’ the French chemist Frangois Marie Raoult (1830-1901) discoyered a
l&:’/“ between the vapour pressure of pure solvent and that of a soluthlon. He
o, “dthat (f; vapour pressure of solvent above a solution ofa nm}-volaulc. non-
Olyte Solute depends on the mole fraction of solventin the solution.

(323)
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10.3.1 Non-volatile, Non-clectrolyte Solutein Volatile Solventy

BHOUII'S law can be defined in three ways:

1) The vapour pressure of solvent above @ solution 1s equal to the prodygy

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

Where,

P is vapour pressure of solvent abov
§olvent, and X, is mole fraction of the solventin
i) The lowering of vapour pressure of a solvent
fraction of solute.

¢ solution, P?1s vapour pressure of pips
the solution.
is directly proportional to the mgjy

AP = PX,
Where, Lowering of vapour pressure (AP)= P°-P

The lowering of vapour pressure depends on the number of non-volatls,
non-electrolyte solute particles (atoms, molecules, or jons) in the solution but s
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 mole
fraction of solute. By increasing mole fraction of solute, vapour pressir of|

golvent or solution decreases.
AP/P° =X,
s that obey Raoult's law are said to be ideal solutions.

The solution
roperties.

The relative lowering of vapour pressure (AP/P?) has three p
i) Itis indepengent of temperature.

ii) Itis proportional to the concentration of solute.
iji) It is constant when equimolar proportions of different solutes “ﬁ'
dissolved in the same solvent. o

The composition of vapours formed above a solution is different O

composition of liquid mixture at a given temperature. In order t0 obey the 4
law for the ideal solutions, the solute should be non-electrolyte and solution 3=

be dilute.

10.3.2 When Both of the Components are Volatile

According to0 Dalton's law of partial pressure, the total pressure 0
or more volatile liquids such as petrol is equal to the sum of e .
res of all the components (liquids) present in

(360)
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gid solutions).

P PatBy o aiiii vt

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

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

; p.= Py . X
| Py = P;'XB

{lig

!
i :
| By putting the values of P, and P, in equation (i) we get

P = PXy+ PaXp

Since,

X, t+Xz=1
o X,=1-X,
Therefore

= P(1-X,)* K X,
o B =P - KX+ BXs
o B =PeX.- BX+ P}
® B =X - K)+ B
s e T
! | s with their mole fra apour pressure

Vﬂmm the table.
I Table 10.7: Six solutions with their Mole Fraction and Vapour Pressure Values
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. |

‘ - 2 3O S Ia
All of the above solutions have their own vapour pressures, We know thy the
total vapour pressure is equal to the sum of the vapour pressures of g} g,

components present in the solution. _ :
When a graph is plotted between mole fractions of Aand B; that is, X, and Xa

. (v} o .
on x-axis and vapour pressures of solutions; that 1s, P, and Py on y-axis, thep,
straight line is obtained. | | '
The graph shows that %4 S E =15

component B is more volatile | e
than component A. Hence, it has %
. a
high vapour pressure and low 5
boiling point as compared to | & |
‘ | '.-‘T o] Ny S
component A. The two dotted e __;:3‘"'..; ey
: : L™ | e
lines show the partial pressures 0wl ‘ :; - e
IR X,=0 01 02 03 04 05 06 07 0k 09 I
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 e
individual components (P, = P} + P3 ) as shown inthe graph.

Deviations of Solutions

Only the ideal solutions obey Raoult's law. The ideal behaviour is shown by thasé
solutions which have nearly the same forces of attractions between the partice®
solute-solute, solute-solvent, solvent-solvent. Hence, the enthalpy chang M
the formation of solution is zero. For real soluti one e iaites ot attractio®
between the particles of solute-solvent are mych stronger or weaker than sohl‘;!
sofute-and solvent-solvent Conseq"‘e““y, the enthalpy change may eithc‘. .

negative or positive. Therefore, a non-ideal solution shows two types of deviat® :
from Raoult's law. !

Positive Deviation
A non-ideal solution inwhich solute-soly
and solvent-solvent attraction shows

- 'SO[
Cntattraction is weaker than Solu‘p's g

Positive deviation from Raou!
(362)
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[nthis type of deviation,
i) Vapour pressure ol solution
is higher than its individual

compo npents.
ii) Boiling point of solution is

jower than its individual
components. For example, the
poiling 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 1s stronger than
solute-solute and solvent-solvent
attraction shows negative
deviation from Raoult's law.

Inthis type of deviation:

i) The vapour pressure of
solution is Jower than that of its
individual components.

i) The boiling point of solution
'S higher than that of its
i“.di\"idual components. For
SXample, the boiling point of the
“ltion of water + HCI is
10850 Which are higher than

: e bOi]ing point of both water
HandHep,

) - ——r
t oy
<
S M)
v
wv
2w
o
5 20— :
° l A
210 —p=?
> W ot e 8
0-4p==" “u
0 02 04 06 08 i

Figure 10.4: Positive Deviation
from Raoult's Law

60 - -

SO g £
3 40 |
a e
s 30 : W o
- o
5 20 y ] = - e
) | Y S
; L o = T -~
o’*' 1
0-4== S
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-ideal Solutions

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

1L

10.4 Colligative Properties of Dilute Solutions

The physical properties 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 solute
particles are called colligative properties. The word colligative is derived fro®

Greek word, colligatus that means to bind together. Colligative properties of difute

solution are:

i) Lowering of yapourpressure.

i) Elevation of boiling point (Ebullioscopy).

iii) Depressionin freezing point (Cryoscopy).

iv) Increasein osmotic pressure, A ’
It is important to keep in mind the conditions for colligative propertic g

below: . |
1) SOIUtiOﬂ ShOUld be dllute; that iS, the COllCentration Of the SOIUtiOn Should M(

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

jii) Solute should be non-electrolyte.

10.4.1 Loweringof Vapour Pressure
Vapour pressure 18 the pressure exerted by the vapour in equilibfi
' (364)
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jquidin & closed container. A substance which has a measureable VApoUr pressure is
volatile and a substance \\jthh does not have a measureable vapour pressure is non-
solatile if a noy-wlul e and non.

ectroly1e solute is added 1o a solvent,
i c\.apomiin ¢ tendency of solvent

-cules from the surface of solution Q - ’ \ |
molex KLY A= I TR =
el p

Yupnis Dyprapre ‘
5 Vigronr Fremun

dﬂ@"?“"‘es" Tllgs‘?'zl%:gr .[.)rc;?ssur'c of el e :x 4 “ 'lr ' |
solution decreases. This 1s known as ‘1 . k , | §—
;,jweﬁng of vapour pres.surc. The a = -0 04

E yapour pressure of a volatile solvent s Kavwt e
that has a non-volatile solute is  Figure 10.6: The addition of solute to the

’ oversely proportional to number of liquid solvent decreases the evaporating
solite particles in the solution, tendency of solvent

Vapour pressure o« —— b iS04
No, of non-volatile solute particles
[tmeans the vapour pressure of solvent decrease by increase in the number of
wlute particles and vice versa.

According to Raoult's law,
: 1 The relative lowering of vapour pressure is equal to the mole fraction of
solute.
: AP/ PQ _— XZ
Weknow that, X, = 2
+
Therefore, T ‘
L
P n+n,

So, foradilute solution, n, can be ignored in denominator, hence

(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 whic-h the VapOUr pressure of
liquid becomes equal to atmospheric pressure: Boiling point can be changeq
changing either atmospheric pressure or vapour pressure of the liquid. The presey,
of non-volatile solute in the solution decreases the vapour pressure of the solyey
and hence increase boiling point of solvent. This is known as elevation of bajlg
point of the solvent. The elevation of boiling point (AT,) is the difference betwm]
the normal boiling pointof pure solvent and clevated boiling point of asolution.
ATb = Tixjsolmmn]—Tb[salvmn) _
Where, AT, is the elevation in the boiling point of solution, Ty g 1t
is the boiling point of the pure solvent

boiling point of solution, and Ty
is directly proportional 0 th

The elevation of boiling point (AT)
concentration of the solute inthe solution (molality).

AT, o« m or !
AT, = Kim coeniinnienaen (1) 1
Where, | ‘
K, is called molal boiling point constant or ebullioscopic constant. |
We know, ‘
; Mass of solute 1
Molality (m) = x —— ,
YA Molar mass of solute ~ Mass of solvent in Kg
g
M, W,
W.
or m = —2—
MW,

By putting the value of 'm'in equation (i), we get
W

MW,
o e
or Mz ATb wl | w

This equation can be used to determine the molar mass of non¥™
Jectrolyte solute in a volatile solvent.

 (368) ‘ 1
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gxample 10.9 . i

Calculate f‘w bl‘i““tl_ point of the solution when 18.5¢ of phenol (C,H.OH) is
dissolved 1n 500g ‘_’f water. The boiling point of pure water is 100°C and the
hoiling point elevation constant for water is 0.5 1°C kg/mol,

solution:
Elevation in the boiling point of the water = AT =)
Mass of phenol =W, = 185g

Molar mass of phenol (C;H.OH) = M, 72+5+ 16+ 1 =9%gmol’
Boiling point elevation constant for water = K, = 0.51°C kg mol’

fl

Mass of water = W, = 500g = 0.5kg
The equation for the calculation of AT, is:
= W,
ATB — Kb x
M, W

By putting the values, we obtain

AT,= 0.51°C kg mol™" x i

(94g mol )(0.5ke)

a1 245°C
47
AT, = 0.20°C

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

Practice Exercise9: o i i )
Asolution is made in which 100g of ethylene glycol (C;H,0,) is dissolved in
30g of water, The boiling point elevation constant for water is 0.51°C
"S/NGLWhausmeboum”omt elevation of the water? What is the boiling

pOihtef B A

e S =

Keep in pMing

WC u = 1 |
;;ﬂazc 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

-

(367)
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stants (K,) for

l

Table 10.9: Molal Boiling Point Elevation Con n Com Suubstance;

Asolu ns of 270g of solute dissolved in 250g of water. Theﬂ
oint elevation and the boiling peint elevation constant values for W&
3.06°Cand 0.51°C kg/mol respectively. ‘
solution | | o
Elevation in the boiling point of the water = AT, = 3.06°C
Mass of glucose =W, = 270g

Molar mass of solute = M, =? | nd
Boilingpo‘intelevaﬁon constant for water = K, = 0;'5fl?CkSm°r

Massofwater & oy :

The equation for the calculation of molar mass of solute is:
K W

M, AT, W
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— 0.51°Ckg mol™ . 270g

s
-
—_—

My 3.06°C 0.25kg
M, = 180g mol”'

iling point of chloroform is increased by 2.42
is dissolved in 150g chloroform. What is the molar
The valueof K, for chloroformis3.63 Ckg/mol.

P

104.3 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
temperature at which its solid and liquid phases have the same vapour pressure is
talled 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 s, liquid solution and the solid solvent. The solution will freeze at that
“Mperature at which the vapour pressures of both liquid solution and solid solvent
“lvsame.'lt means that a solution should freeze at lower temperature than pure
Solvent.

Th‘{ depression of a freezing point is directly proportional to the
ncentration (molality) of the solution.

& .
whq»gATf o= R e (1)

b

We knoKfis Called mola] freezing point constant or cryoscopic constant.
L

MOlality (m) = Mass of solute : I

& Molar mass of solute ~ Mass of solvent in kilogram

m-W
), Lot

Mz : Wl

=

MW,

i

(369)
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By putting the value of 'm'ineq. (1), we have

ATf = K; x Wa

MW,
or M. K . W,
: \I { \‘l‘l

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

Table 10.10: Molal Freezing Point Depression Constants (Ky) [u_rgwnt_timmon Substance

T VIR e N A e

Formula F ("(5‘) .
Acetic acid CH;COOH 16.6 3.90
Acetone CHiCOCH; -94.8 = il
Aniline CsHsNH; ~6:1. |
Benzene f CeHs | 5.5
‘Camphor CioH 160 178.8 ‘
Carbondisulphide | €S; 1115
 Carbon tetrachloride | CCly 296
Chloroform CHCl; -63.5 F
| Dlethyl ether | CH;CH,OCH:CH- 1163 4
Eﬂlyl alcohol CH;CH;OH 1146 =
Naphthalene CIOH[ 80.2 0 1
Nitrobenzene CeHsNO, 5.7 512 <
Phenol CeH;OH B
Water H,0 | S

» - g " pe '3 M ' Il‘ |
Applications of Freezing Point Depression and Boiling po
Elevation ; ot
i) Ethylene glycolis used as antifreeze in automobile radiators becausé '

* 2 ¢ . = m
the freezing point of the coolant. In cold climates, it prevents the solutio? ¥

radiators, coolant lines and engine blocks from freezing. Besides lowent 4
freczing point, it clcv.atcs the boiling point of the solution when added 10 wat!
prevents the water in the radiator from boiling off in hot summer

(370)
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the engine is not overheated. o i
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).

jii) Afreezing mixture (Ice + NaCl or KNO,) is used in making ice cream and kulfa.
A freezing 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 containg
higher concentration of various salts,

 Example 10.11 = )

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 1.86°C kg/mol and the normal freezing point of water is 0.00°C.
Solution:

Depression in the freezing point of the water = AT, = ?

Freezing point of solution = 7

Massof sodium chloride = W, = 117¢g

Molar mass of sodium chloride (NaCl) = M, = 23+35.5 = 58.5gmol '
Freezing point depression constant for water = K, = 1.86°C kg mol"

Mass of water = W, = 0.75kg

The equation for the calculation of ATis:

w2
M2wl
117g
(58.5gmol )(0.75kg)

AT{ X 'Kf £
BY putting the values, we get

| 8T;= 1.86°C Kg mol™

aT= 2762C
43.87

The freezmg point of the solution is equal to the difference of the original

'&W!mg pointand depression in the freezing point of the solvent.

k g point of the solutlon = 0.00°C -4.96°C = -4.96°C

(37)
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| 2g of sulphur is placed in 0.22Kg of carhy
45°C and K value for carhe,
fsulphur?

A solution is prepared in which 51.2¢ e
disulphide. i.e. AT;value for carbox? disulphide 15 .
disulphide is 3.80°C kg/mol. Whatisthe molar mass 0

Solution: ' pat): n gai
Depression in the freezing point of the carbon disulphide = AT, =345°C
Mass of sulphur =W, =5l.2g I

Molar mass of sulphur = M, . v e
Freezing point depression constant for carbon disulphide = K,=3.80°C kgmo]* |
Mass of carbon disulphide = W; = 0.22kg

The equation for the calculation of molar mass of sulphuris:
=k, W
= X
o VAT W

By puttingt evalué, we have

e 3.80°Ckgmol”’  51.2g L
: 3.45C 0.22kg |

M,= 256g mol”’

10.4.4 Osmotic Pressure and Reverse Osmosis | A:.
Osmosis is the spontaneous process whereby the solvent molecules pass = g
semipermeable membrane from a solution of lower concentration 0 801““
concentration solvent) into a solution of higher concentration
concentration of solvent). Osmosis takes place, when two solu ;
concentrations (a pure solvent and a solution) are separated by semie™
membrane. A semipermeable membrane is a thin layer of materid

am

of 4 }
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lvent p;miclcs w pass lhnfl:gh itin the both directions and prevent solute partic'les
o pass mrough.. ' "C.r‘”f‘.“' Passage of solvent particles from the pure solvent side
oward the snI}umn side is high enough, because of this, the quantity of liquid on the
Jre solvent side dec reases and tfw quantity of liquid on the solution side increases:
ence the concentration of solution decreases. Animal bladder, cell membraries in
! he cells of iving things (plants and animals) and cellophane (a polymer derived

fom cellulose) are the examples of semipermeable membranes. Consider an
: aperiment in which a 10% concentrated sugar (glucose) solution is taken in a
I 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
_nite of flow of solvent from funnel to
beaker. The solvent starts flowing
from the beaker through the -
¢mipermeable membrane info the S 2
‘garsolution side (funnel). _ mp.ﬁ::‘:nibk
Overtime, the volume of the Figure: 10.7: Demonstration of Osmotic Pressure
“Wgarsolution increases in the stem of
&‘ﬁmnel while the water level in the beaker decreases. The process remains in
*eration unti] the pressure created by the weight of the water on the semipermeable

i Isenough to stop the upward flow of water. At this stage the rate of flow
mef from beaker to funnel becomes equal to the rate of flow of water from

flnne! to beaker and the solution level stops rising and the equilibrium is

_ed. 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

ic pressure. Osmotic pressure 1s defined as the pressure that must be

tmi "N the high sojyre concentration side to stop the flow of solvent through a

f mp;"fleaple Membrane. It is denoted by capital pi (). The osmotic pressure of

. Onig given by:

= o V)RT or

"= Mry

Witer

%

More concentrated
"~ glucose solution

/
Less concentrated
glucose solutton

(375)

Scanned with CamScanner



FRTTNIR SRR TN
e . L. ST G

ey

Where, M is the molarity of solution, R is the general gas ¢qp ‘
(0,08206atm dm’/mol K) and T is the absolute temperature. The osmotic mm“:
i

ospheres. The osmotic pressure increases by rise i

expressed in atm _ b
concentration of solute particles in the solution at a specific temperature |y

increases by rise in temperature and decrease by fall in temperature, Ospg,
pressure depends on the number of solute particles in the solution but not on the e
of solute particles. The two different solutions of equal concentration have the g,
osmotic pressure. The solutions that have the same OSMOtIC pressures ate gy
:sotonic solutions. If the two solutions have different osmotic pressures, the g
concentrated solution is called hypcrtonic and less concentrated solution (difs

solution) is called hypotonic.

Table 10.11: The Molarity and Calculated Osmotic Pressurc Valu
tions at (298K)

es of Vaniable Concentratios

4.50
9.00

e of the Interesting Examples of Osmosis
i) The leaves of plants give off water vapours that lead to the
concentration in the leaf fluids. Water rises up from soil into plant leaves
roots, trunk, branches and stem creating an 0sSmotic pressure. e ¥
ii) If plants are watered with salt water whose concentration 1S gred mpﬂ
solution in the root, the roots will lose water rather than absorb it. Henc®:
become dehydrated and sooner or later the plants die. ok
iti) The meat can be pl‘CSCl'VCd by treating its surface with salt. The oﬂﬂm .
dehydrated and does not go bad and remain in a good condition fof alm®
there is no need of refrigeration for meat. The salt present Oﬂ"h" i
produces a concentrated solution which is hypertonic t0 bacteria €&
on the surface of salted meat then tend to shrivel up and die.
iv) Youare advised never drink excessive amount of s¢2 water, € (0
badly damaged and you are in the middle of the sea. When sea W= ' i
salt solution) 18 taken into stomach and intestine, the sea water ©

(374)
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out of the stomach and intestine and the tissues become dehydrated. :AQ,;&
consequence of dehydration thirst increases but not decreases because thcbOd)'Wm
Joce water instead absorb it. -

Reverse Osmosis
Thereverse 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 osmosis 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
osmosis to 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

le : : liquid |dispersion) isa homogencous
Croplets are dispersed in a gas. Examples of 0 kainties ‘of w0 or more

3tosols are fog, mist, and aerosol sprays. : |
- e A ] ) ; lk luu '
) Solid aerosols may be formed when solid SorRRcOiSTkesolution. )

Particles are dispersed in a gas. Examples of solid

fl'osols are dust, and smoke in air.

m) Liquid foams may be formed when a gas is dispersed in a liquid. Examples of

"quid foams are beaten egg white, and shaving lather. |

W) Solid l0ams may be formed when solid particles are dispersed in a liquid.

“4mples of solid foams are Styrofoam, and marshmallow. s
Emulsions may be formed when liquid particles are dispersed in another liquid.

> ,esof ¢mulsions are mayonnaise, and facecream. ‘

L _"may be formed when liquid particles are dispersed ina solid. Examples of

i Dutter, and je]

b L0 secislies i spersed in a liquid

950k may be formed when solid particles are dispersed mn a liquid.

{wbgfll“miquidsols are pudding, and ink.

lid go)s may be formed when solid particles are dispersed in a solid.

les ofsolid sols are steel, and pearls.

l (375)
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Fable 10.12; Types ol Colloids .“”‘1'.'"‘_”‘5'“"’1[”':"'
R M™% ...r—»—————"—'—' 3

of | Stateof | Stateof ¢ s Ahsnit s i
I Medium || Collold | I 0; S
e B Whipped cream, shaving la
Liquid Liquid Foam | goap lather, beaten egg whli':cr,
' — | Styrofoam, marshmallow,
Gas Solid Solid Solid foam sponge, rubber
Liquid Gas (}as——m -Acroso] Mist, fog, clouds, sprays -
.~ Liquid Liquid Liguid A_Ex;—ulsion  Mayonnaise, milk, fmm
' AEREEOLE B 4
~ Liqud Solid Solid Gel Jelly, 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 3

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

10.5.2 Properties of Colloids

Some of the important properties of colloids are as follows: y.
[) Colloids are also homogeneous like that of solutions but borderlin .
the particles of dispersed phase may be uniformly distributed M:t"
particles of dispersing medium. A colloid is also known a5 collo®
dispersion because the particles of dispersed phase remain dispefs"d in ¥
dispersing medium but notdissolved. . "
ii) The colloidal suspensions are often translucent or opaque but 0%
transparent. 2
jii) Colloidal particles are intermediate in size: : oo f GOMSE
particles is greater than the size o;‘fh;n p:“z;let:a;flsﬁl ;h;:cmso?u o l“

(376)
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maller than particles of suspensions that can be seen by naked eye. Colloidal
5 X i h y ! Y o
icles have dimensions ranging from approximately 2nm to 1000nm. Particles

with diameters 0.01nm to Inm are true solution particles and those larger than
|000mim are suspension particles,

i¥) The colloidal suspensions and true solutions look similar to the naked eye.
gut the colloidal particles are too small that are not usually seen by the naked
_eye and even with an ordinary microscope. However. they can be detected by
glectron 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

" narticles of suspensions are so large that can be seen with microscope and can often
’7 heseen 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
- particles of colloids. The motion of colloidal particles increases by rise in
- lemperature 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-

- Suspended 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.

i) Colloidal suspensions pass through filter paper but do not pass through
*“Mipermeable membrane.

?”m One of the most important properties that distinguish colloids from solutions
"Sabilityto scatter ight, When a beam of lightis passed througha true solution,
" camnotsee the path of the beam of visible light because the light is not scattered
6“‘““ﬁllmllsizeot' solute molecules. However, whenabeam of light is passed
ma olloidal suspension, we can see the path of the beam of visible light
| R the light is scattered by the dispersed phase. This phenomenon was first
Tvnaa;d "% the Irish physicist John Tyndall (1820-1893), and is termed as the
&‘dligh;ﬁ‘m' Consider the examples of Tyndall effects. The visibility of
el 418 is not better in the fogging weathers because the colloidal-sized

| -M? "Nthe fog scatter the light. The particles of dust can easily be seen in a beam
&t ip the air of a room because the colloidal-sized dust particles

@1
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(c)

Figure 10.8: (a) Light passing through solutiont (b) ‘Laghtv Scane;ing by
Colloidal Suspensions, (¢) Light Scattering by Colloidal Suspensions

scatter the light. The sky looks blue because the colloidal-sized particles in the 3

scatter the light.

Some of the properties of solutions, colloids and suspensions are compared

the table 10.13.

Table 10.13: properties of solutions, colloids.and suspensions

b/

7

Scanned with CamScanner

Type of Homogeneous | Homogeneous Hchcrogum:r
‘mixture | — | g
Size of 001 nmto 1 nm | 2 nm to 1000 nm Greater it
particles _ | ' ' : |
Effect of light | Cannot scatter | Scatter light
HERE 2e=a  light :
cy.| Transparent Cloudy (translucent) |
R Do not settle Do not settle down on standing
; f | down on standing 2 :
rability | Nonfilterable | Non-filterable
The solute can be | The dispersed phase canibe
separated from | separated from dispersing medium
vk | the solventby | by semipermeable membrane; that
o | evaporationand | is, cellophane and cell walls |
' | distillation. A .
Invinible by [nvisible by naked eye and with an | VISP G
. | naked eye and ordinary microscope ; naked @
S50 | microscope : -
ey e =2
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‘ lution is a homogcneous mixture of two or more substances that may be
- gases, liguids 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
~ tosolvent s called solute. The solution of substances in wateris called aqueous |
. solution (aqua means water). Liquids solutions may be coloured or colourless
- but clear and transparent. The solute particles of solutions are very small and
cannotbe seen by the naked eye and microscope, |
> Asuspensipn 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 homogeneous 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
naked eye and ordinary microscope. But can be detected by electron |
-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. e o ot |
* Concentration is the amount of solute dissolved in the given amount of solvent ]
- orsolution at a given temperature. The concentration of the solution can be |
~ expressed by percentage composition, molz}n_ty, molality, mole fraction, parts
_ permillion, parts per billion, and parts pertrillion.. |
* Asubstance which has measureable vapour pressure is said to be volatile while
~ a substance which has no measureable vapour pressure is said to be non- '
* Osmosis is the flow of solvent molecules through a semipermeable membrane
¢ froma low concentrated solution toa high concentrated solution. - |
* Osmotic pressure is the pressure that is applied on the high solute
. Concentration side to preventosmosis fromhappening. |
" Inreverse osmosis, the pressure on the more concentrated side s applcd to
" PasS the solvent molecules but not the solute particles through a
. Semipermeable membrane. This process is used for desalination of sea water.
(a79)
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Q.1

Four answers are given for eachqu

i)
(a)
()
ii)
(a)
iii)
(a)
(c)

1v)

estion. 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) 0.25M (c) 0.5M (d) 0.75M
Which one of the following is the example of colloid:
Ink (b) milk of magnesia

glucose solution (d) soda water s
The mole fraction of ethyl alcohol in the solution consisting 23gethyl

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 su

017 (b)037  (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 1s 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 b
ereass
bstances

rise in temperature:

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

CO,  (b)CeySO,), (c)KNO, (d)O;
The solution cools when water is added:

KNO,; (b)CuSO, (¢)H,S0, (d) LiCl
Which of the following can NOT scatter light:

sugar in water (b) milk of magnesia
starch solution (d) fog
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03,

Fillin the blanks with suitab)e words given in the brackets:

i) Theoxygen gasis —_____soluble in water (completely /slightly)
i) The solubility of the gas s . by doubling the partial
pressure of the gas above the solution. (dou@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
(0.1 M/1 M)

vi) The relative lowering of vapour pressure is
to the mole fraction of solute. (directly/inversely)

vii) 15% W/W sugar solution contains 15g of sugar in 100g of
- (solvent/solution)

viii) IS a process in which an ion or molecule is surrounded by
solvent molecules, (hydmtion/solvatjon)

iX) The freezing mixture, which is used to

f 6g of urea per liter is

_proportional

freeze the ice cream, is
prepared when 1s mixed with ice. (KNO,/AgNO,)

X) A semipermeable membrane is a thin layer of material that allows
particles to pass through it. (solute/solvent)

Label the following sentences as True or False:
1) AgClis completely soluble in water.
) Glycerin is used as antifreeze in the radiators of automobiles.

iii) The amount of NH,CI needed to make 500mL of 0.25M solution is
6.60g.

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

Y)  Beaten egg white is the example of liquid foam.
;i) d;f:;e impurities of the substances are usually expressed in parts per
ln

Vii) 20% VIV alcohol-water solution means that 20mL of alcohol
dissolved ip enough water to make the total volume of solution 100m]._

Y1) The heqy j absorbed when sulphuric acid is dissolved in water.

:zm solution which can dissolve further solute on addition is known as

x) solution
&actio Completely miscible solutions can usually be Separated by
Nal distillation.
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Q.4: Definesolution. What are the general properties of solutions?

Q.5:
Q.6:
Q.7
Q.8:
Q.9:
Q.10:
Q.ll:

Q.12:
Q.13:

Q.14:
Q.15:

Q.l6:
Q.17:

Q.18:
Q.19:

Q.20:

Q.21

Q.22:.

Q.23:

Q.24

“The molarity of solution is affected by temperature change 814

Distinguish between hydrophilic and hydrophobie molecules Whag i i
function of soaps and detergents?

What are liquid solutions?” Explain in your own words with exampleg
What are the different types of liquid solutions? Explain indetail,

What is the meaning of “like dissolves like”? Explain with examples,
Explain why table sugar1s dissolved in water but notin benzene?

What is the effect of temperature on the solubtlity of liquids in liquids s
solids in liquids? |
What is the effect of the pressure on the solubility of gases in liquids?
What is the effect of the temperafure oh the solubility of gasesin liquds!
What happens:

(a) When the pressure of CO, gas above the solution of carbonatd
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? , i
The carbonated beverage is keptin closed vessel, why?

Discuss and explain the heat of solution.The heat of solution 18 cild®.
negative or positive for solution, explain.
What do you think, the rise in lemperature will increase of dﬁcf‘”’“f
solubility of NH,Cland NaOH in water? : J
What do you know about concentration units of solution? Descrt?
compositions of solutions in terms of weight by weight, weightby
volume by weight, and volume by volume percent.

What do you mean by molarity and molality of solut
mathematical equations to calculate molarity and molality of

on? GI¥ ¥

sl

solution isnot affected by temperature change. Explain.
Why the sum of the volumes of individual coxhpOnént g is nOLTEF
equal to the total volume of solution? Ty o
What is mole fraction? Why the sum of all the componen's pre=
solution is equal toone? li°°"
Describe and explain the concentration units, parts per million: bi
trillion. : Enise s
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335: Explan Raoult's law with the help of three statements when solute is non=

yolatile and solvent is volatile.

Q20: Explain Raoult’s law when both of the components of solution; that is,

solute and solvent are volatile.

Q27: Anon-ideal solution shows two types of deviations from Raoult's law: that
is positive and negative. Explain with the help of graphs.

- Q.28: What is the difference between ideal and non-ideal solutions?

20; What is the meaning of the term colligative? Define the term colligative
property and name the four colligative properties of solution, What are the
conditions for colligative properties?

Q.30: The vapour pressure of a solution containing a non-volatile solute is always
less than that of pure solvent, justify.

Q31: Why is the vapour pressure of sea water less than that of pure water?

Q.32; How can you calculate the molar mass of non-volatile and non-electrolyte
solute ina volatile solvent?

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

234 Explain osmosis, osmotic pressure, and reverse osmosis. Give their daily
life applications.

135 Whatis colloid? Describe the types and properties of colloids.

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

37: Explain why & solution and a colloid are considered as homogeneous

_ mixtures while suspension is considered as heterogeneous mixture?

5 Whatis the Tyndall effect? Give two examples of this efect,

: Define the terms solute and solvent. Identify the solute and solvent in the
Solutions given below:
@ 10gof sugarand 100g of water
(b) Sgofoxygen and 20g of nitrogen
©) SmL of waterand 30mL of ethanol
@) Ajr
x fgo‘ll;alothe weight percent of gold ring containing 2g of platinum and 7g

i :

+ Callulyge the W/V % of 0.5 liter of soft drink that has 55g of dissolved

fdioxide gas.
(383)
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Q.42

Q.43:

Q.44:
Q.45:

Q.46:

Q.47:

Q.48:

Q.49:

Q.50:

Q.51

Q.52

A cup of 200mL of hot milk tea contains S0mL of milk. What is the v
of the tea? ” :

A solution contains 12.25g of KC10,, dissolved in 5 x 10" g of water W
15 the molality of the solution? 1

How many grams of calcium chloride are required to prepare 0,0
0.025M solutions?

If 15g of urea (N,H,CO)is dissolved in 5 x 10°mL of solution, caley ate (]
molarity of the urea solution. :
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) 1.50mol of NaClin0.50L 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 39g dof

benzene (CgHg). Whatis the mole fraction of toluene in this solution?
The bottle of one liter mineral water contains 78mg calcium, 2455
magnesium, Smg sodium, and 1 mg potassium. Cal e B
of each mineral in the mineral water in ppm, ppb, and ppt.

What is the boiling point of the solution that contains 23.25g of aili®.
(CgHNH,) in 0.75kg of ethyl alcohol? The boiling point of puré &
alcohol is 78.26°C. The boiling point elevation constant forethyl alco®™=
1.22°Ckg/mol. 2l
A solution prepared by adding 11 -30g of an organic compoundmo.
ether has AT, and K, values for ether 3.06°C and 2.02°C ¥
respectively. Find out the molar mass of the organi o

Calculate the freezing point of sugar solution ‘onta
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