SOLUTIONS
|

. - "A solution is a homogeneous mixture of two or more substances existing
in one or more states." That solution which is consisted of two components 1s
called a__bmary solution. That component which has the same physical state as that
of solution is called solvent: Mostly it is thought that the substance in greater
quantity is called solvent and the other component is called solute.

Y

three states of matter which is solute and which of them is the solvent.
8.1.1 Concentration units of selutions:

Y-

~

Thc_ concentration of a “solution tells us quantity of solute dissolved in a
given quantity of solvent or solutioi:. These various units are as follows: 2z

1. Strength of solution: It is the number of grams of solute present in
one dm’ of solution.

....2. % age of solution: The % age of solution can be (a) weight / weight
- .t (b) weight / volume (c) volume / weight (d) volume / volume.
It 1s the % age by mass or by volume per 100 parts of the solution.

. Molarity. It is the number of moles of the solute dm™ of solution.
Molality. It is the number of moles of the solute per 1000 grams of solvent.

NN
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. In a dilute solution, the quantity of the solute is very small as compared to q‘
that of solvent. | :
- There are various types of solutions depending upon the fact that out of | /

I ©.»S.:. Normality: It is the number of gram equivalents of the solute dm™ of

solution. - -

6. Mole fraction: It is the number of moles of any component divided by
total number of moles of all the components of the solution. It is
always less than unity. -

7.  Parts per million: It is the number of parts of a component per million
parts of the solution. It is abbreviated as ppm

Mass of the component .
ass of the componen < 10°

ppm of a component = — Total mass

This unit is used for those solutions in which the quantity of the solute
s extremely small. -

\
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8.1.2 Formulas for various concentration units of solutions:
(1) % age composition:

(a) Weight/weight % age: 5 grams of glucosc 1S dissolved in 100 grams
of solutions. (5 g of solutc + 95 g of solvent). |

(b) Weight/volume % age: 5 grams of glucose is dissolved in 100 cm® of
solution. ' |

(¢) Volume/weight % age: 5 cm® of ethyl alcohol is dissolved in 100 g of
‘solution. | i

(d) Volume / volume % agé: 5 cm’ of ethyl' alcohol 1s dissolved 1n 100
cm’ of solution. |

It means that the total volume or weight of the solution is' 100 units. It
'may be mass in grams or volume in cm’.

~ (2) Molarity:

Molarity of solution is related with mass of the solute, molar mass of the
solute and volume of the total solution: | |

Mass of solute i 1

’bﬁ%}- Miolarity = Molar mass of solute * Volume of solution indm®
A (3) Molality: e vy ot @ -
g

Molality of a solution is related with mass of the solute, molar mass of
solutc and mass of the solvent . 5 .Y

dia. o __Mass of solute . =1=_=_
\\‘s Ol = Molar mass of solutc Mass of solvent 1n kg
\/XUL - ')AA (4) Normality: :

| _ Normality of a solution is related with mass-of the éblﬁté,iécjﬁivaléhﬁt mﬁés of

\xf 1 \;\( the solute and volume of the solution indm®. = = Pl |

7 | I B2V B g Mass of solute : T IPE Trra

Q/Q‘j | | qumahty ~ Equivalent mass of solute % Volume of solution in dm’
(5) Mole fraction: ' |

"It is the ratio of number of moles of one
molcs.of all the components of solution.”

component to the total number of

| . Suppose, there are three components ‘A", ‘B’ andk'_C" Bﬁv”ing' number of malcs

na', 'ng’ and 'nc'. The mole fractions are denoted by 'x,', 'xg arid 'x'.
| . nA ' & . : i | " !

< BT ;1-;.":113‘1?'
N -
Xp * _mn'ﬁ+n3.+m
» ' - iR
' xc ='ng+n3+nc §

'
L -

" The sum of mole fractions is unity
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8 2.0 SOLUTION OF COMPLETELY
MISCIBLE LIQUIDS

To have the solutions of this catcgory, we have to take both polar liquids or
both non-polar ones. When such liquids are mixcd, they form only one phase.

8.2.1 Types of completely miscible solutions:

Completely miscible solutions form two typcs of solutions:
(1) Ideal solutlon

(1) Nonc-ideal solution.

Now lct us discuss them onc by onc.
8.2.2 Ideal solution:

In order to differcntiate between idcal and non-ideal solutions, some of the
following criterias are taken into considcration.

(1)  If the forces of interaction of the componcnts aftcr mixing are same as
among thc molecules of pure components, then the solutions are ideal.
(1)  If the heat of solution is zcro, then the solution is ideal.

(11) "If there is no change in the volume of the solution, then the solunm 1S w"“
1deal. . \

(iv) If the equation of osmatic pressure is obeyed by the solutions, then
they behave as ideal solutions i.e. .

TEV* IlzRT | i | \-

(v) Those solutions which obey the Raoult’s law at all concentrations and
* all the temperatures, then they are called 1deal solution.

- 8.2.3 Best criteria of ideality of a solution:

Raoult’s law is one of the best criteria to check, whether a solution is ideal u’k
or not. So, in order to understand the difference between an ideal and non-ideal

solution, let us thoroughly understand the Raoult’s law. | Q[(l\

8.3.1 Introduction: . = ¢ o \%\Y
We know that vapour pressure 1s one of the basic properties of a llquld It
... Increases, with the increase of tcmperature When solutes are added into the
: solvents, then their vapour pressures are lowered. This lowering of vapour pressure -
s due to the presence of the parficles of the solute on the surface of solutions.
Raoult has given the quantitative - relationship betwcen vapour pressure’ of the
solution and the quantities of the solutes and the solvents. |

8.3.2 Raoult’s law when the solute is non-volatile, non-electmlyte

‘Let us consider that, the vapour pressure of the pure solvent is P°, and that
of the solution is P: -

Let the mole fraction of solvent and the solutc be X,’ and ‘X’ respectively.
s - Ma?™ S Nt
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According to first definition of Raoult’s law, "the ’i’aP(l“: pressure of the
solution is directly proportional to the mole fraction of the solvent.

: WL. P X
E % . g . e (1)

Since,
X1 -+ Xz = 1 |
Qé RP::F‘K X,= 1- X, | R (2)
o Putting the value of ‘X’ in equation (1)

3) N P = P°(1-X))
: P = P° —~PGX2
| +‘\$ﬁ, o Po—P = P°X,
| \j‘.} X AP = anz ......... (3)
| ‘L’V\ | 4.(\]\ AP < X, _ |
| \ So, "the lowering of vapour pressure 'AP' is directly proportional to the mole
w ‘h ion of the solute". This is, you can say the second definition of Raoult's law.
I: | /\3& al” _%E—: X, 7 s (4)

AP
o 1S called relative lowering of vapour pressure. .

_ According to third definition of Raoult’s law “the relative lowering of
vapour pressure is equal to mole fraction of the solute”.

8.3.3 Importance of relative lowering of vapour pfessure:

~ According to third definition of Raoult’s law, given in equation (4), we feel

that it should be better reported in the literature, rather than lowering of vapour
pressure. Relative lowering of vapour pressure is | L |

(a) Independent of temperature.
(b) Proportional to the concentration of the solute.

c) Isa constant quantity, when equimolecular proportions of different
solutes are dissolved in same mass of the same solvent.

EXAMPLE (1)

] _ ~ A solution of sugar is prepared in water at 25°C. The vapour pressure
| of pure water is 17.51 torr and is decreased by 0.0614 torr. Calculate (a)

relative lowering in vapour pressure .of the solution (b) vapour pressure of
solution (c) mole fractions of water and sugar. - |

SOLUTION: ' |
Data: it ' | i, )
Vapour pressure of water, (P%) = 175Ytore
Lowering of vapour pressure, (AP) = (.06 14 torr
Formula: ' | | | -
(a) | Relative lowering in vapour pressﬁre = AP torr.
i P° torr.
0.0614

Il

751 = 0.00351
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(b) Vapour pressure of solution, P, = vapour preésure of solvent -
— lowering of V.P.
= 17.51-0.0614
= 17.44 86 torr
. - ‘
(¢) We know that , po = Xsonte = - 0.00351
So, Mole fraction of sugar = 0.00351
Since the sum of mole fractions of a solution is unity.

So,

Mole fraction of water as a solvent = 1 - 0.00351 = ‘0.99649] Ans.

8.3.4 Raoult’s law when both components are volatile:

Under these circumstances, let us have two volatile iquids ‘A’ and ‘B’,

having vapour pressures in the pure states as 'P°,' and 'P°'. After mixing the
vapour pressures of both the components are changcd Suppose their vapour
~ pressures in the solution states or 'P,' and 'Pg'. These vapour pressures are lower

than 'P°\' and 'P°y' respectively. If mole fraction of the both components are

denoted by 'X,' and 'Xp' then, we can apply the first definition of Raoult’s law on
both components: 4 3 -

Pa = P X,
PB = P° XB

The total vapour pressure of the solutlon 1S the sum of these ‘vapour
pressures 'P,' and 'Pg'. TRy |

P, = PA+PB |
P, = P°,Xa+P%Xs SR R (5)
" In order to make thJS equatlcn (5) more useful, let us have only one mole
fraction of one component ~
~ Since, Xa+Xpg= 1 _ _
So. Xy =X Gt _ ..... (6)

Putting equation (6) into equation (5) -
. P = °s(1.— Xa) + P2 Xa
P, = P%-P%Xa+P° X,
g P, = P+ (P°% - P°p)Xa
L R= AP XatP% e (D)

Equation (7), tell us that the total vapour pressure ‘Pl of the solution
depends upon the vapour pressure of pure component and mole fraction of the

component ‘A’, at a given temperature. The values of 'P°,' and 'P°;' are constants.
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Hence, the value of the total vapour pressure 'P,, depends upon the mole fraction
- of the component ‘A’. Keep it in mind that, when thc molc fraction of components
< A’ changes then that of ‘B’ also changes. It mecans the mole fractions of both A’

l
and ‘B’ control the total vapour pressure, ‘P,

3.3.5 Graphical explanation of Raoult’s law:

Equation (7) is the equation of a straight line. ‘Xa' 18 the Independent

variable, while P, is the dependent variable. If a graph is plotted between ‘X, on s
x-axis and ‘P, on y-axis, then a straight line is obtaincd as shown in the following |
diagram (1). | (Sce page 583 11.2.0 Idca of straight linc).
Pa.u ”
®
O #_
) > ' - . ©
= 0 . ' =
5. ' = i 5
e 5 i - of 2
.“f? - . - P'f E‘
X,=000 01 02 03 04 05 06 07 08 09 100 =X,

X, = 100 09 08 0.7 0.6 0.5 0.4 03 02 0.1 000 =X,

Fig. (1 ) Composition / vapour pressure graph for Raault S Lmv

According to this graphical representation component ‘A’ is ‘more volatile as
compared to ‘B*. So, the vapour pressure of component ‘A’ in the pure state “P°’

Is greater than that of ‘P°’ at a given tempera.ture Remembcr that we only get the
straight line, if all the solutions are ideal.

1 - Individual vapour pressures:

Above graph has been obtained, When we have prepa:ed various solutions

1 and their vapour pressures have been accuratcly measured, along with the vapour
| pressures of the pure components.

Each solution which has been prepared, has a total vapour pressure ‘P
which is due to the both components.

if we want to look at the relative contnbutmns of ‘A‘ and ‘B’, towa:ds the

total vapour pressure Py, then we should draw, two hypothetlcal dotted straight
" lines as shown in the following diagram (2).

M
¥
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X,=100.09 08 07 06 05 04° 03 0.2 0.{“ 0.00
X;= 000 01 02 03 04 05 06 07 08 09 1.00

'Fig. (2) Determination of compositions for various vapour pressure. of solutions.

When thc §olutmn 1s of 30 % ‘B’ and 70 % ‘A’ then the contrlbutlon of
components ‘A is ‘TH’ and that of component ‘B’ is ‘HI’ Similarly, the solution.

having 90 % ‘B’ and 10 % ‘A’ has contribution of component . ‘A’ as ‘LM’ and
that of componem ‘B as ‘LN’. S

If we want to see, that which composmon will havc 50 % contribution of
A’ and 50 % of ‘B’, then 'we should look at that point at which the two dotted
lines are crossing each other. It is clear from the graph that, 62 % components ‘B’
~and 38 % ‘A’ will have ﬁﬂy fifty contribution towards the total vapour pressure.
The reason is that component ‘A’ is more -volatile and its 38 % contribution in the
solution state has greater contnbutmn towards vapours and cquahzcs to 62 % ‘B’

- EXAMPLE (2)

An ideal -s'olutio_n of ethanol and methanol is formed at the certain
temperature by mixing 60 g of ethanol with 40 g of methanol. Calculate the
~ total vapour pressure of the solution and the mole fraction of both in vapours.

The vapour pressure of ethanol is 44.5 torr and that of methanol is 88.7 torr.
at same temperature in the pure slate.

SOLUTION
IData s gy - :
- Mass of ethahol . = 60g .-Molar mass of eﬂlanﬁl = 46¢g rlnol‘;'.
“Mass of ﬁéthMﬁl = 40 g Molar mass of methanol =32 g mol™

60 . i
Moles of_' cthanol Rg 1.304

Moles of methanol = %ﬁ =... 1,250,
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1.304
Mole fraction of ethanol = m = 0.31
Mole fraction of methanol = 1-0.51 = 0.49
Vapour pressure of puré ethanol = P°c,usoH = 44.5 mm
Vapour pressure of pure methanol, = P°cujon = 88.7 mm

Vapour pressure due to ethanol (P° c;u501)
' - = 0.51 xP°c,uq0m
= 445mmx051= 22.69 mm

Vapour pressﬁre due to methanol, (Pcu,0n)
= (.49 x PQCH30H

| = 887 mm x 0.49 = 43.46 mm
Total vapour pressure =. Pcuson + P cngon
| = 22.69 mm + 43.46 mm
. =6615mm
Mole fraction of methanol in the vapdur state

Pch,on
total vapour pressure
43.46 mm
66.15mm 0657

22.69 |

8.4.0 FRACTIONAL DISTILLATION ||

Distillation is the process of separation of two miscible 'liquids' whicl;l'have )

difference of boiling points and they are distilled repeatedly.

~ We are going to discuss the fractional distillation of those pairs of liquids
which have made the ideal solutions. Remember that in the case of ideal solutions
we will get a straight line for the plot of vapour pressure and composition. '

In order to have idea of fractional distillation, we 'should' lot a ora h-'
between mole fraction or mole percentage and the temperature. Aspﬂu: diaggrg'm
shows, that we get two curves rather than a straight line. The upper curve is for the
vapours of ‘A’ and ‘B’ and the lower curve is for solutions of ‘A’ and ‘B’.

Since ‘A’ is more volatile than ‘B’. So, the boiling o ‘A’ is less

9 + 90, g point of pure ‘A’ is less
than that Of;l ?h We get two curves due to the reason that the conliposition of the
solution and the composition of vapours are different from each
temperature. This property of two liquids ‘A - SEN.

AR . and ‘B’, to show different
compositions in liquid and vapour state helps us to separate the twg liquids.

Mole fraction of ethanol in the vapour state

.

i
e T e o

e . T e W gl




X = 0.
Fig. (3) Composition temperature graph for a bi

According to the above diagram (3), the curve ‘AB’ shows a change of
boiling point with composition. Suppose that at temperature “T,", the composition
of the solution is ‘X, that is 17 % A and 83 % B. Since ‘A* is more volatile liquid
than ‘B’ so, thc vapours at the surface of this solution having composition Xy,
will have greater % age of ‘A’ than the % age of ‘A’ in the solution state. The
composition of vapours at this temperature is 58 % A and 42 % B represented by Xz

When this solution of composition X' 1s boiled at temperature’ “T,’, then
more vapours of the compound ‘A’ are formed at temperature ‘T2, The remaining

y the point ‘Y’. The liquid of the

liquid will be richer in ‘B>, represented b
" composition vy’ will boil at ‘T5’. At ‘T3’ the vapours formed will be again richer

-1 “A”. It means that the composition of residual liquid will be richer n ‘B".

When the vapours from the liquid mixture at temperature “T,” are cooled to
room temperature and is distilled again, it will boil at temperature ‘T,” and 1ts
composition will be represented by “y”. This composition represented by ‘Y’ will
be richer in ‘A’, than,‘B’. The vapours on cooling will give second distillate and
w1l have more of ‘A’ than in the first distillate. 2 -

s of condensing the distillate and redistilling 1s
component ‘A’ in the receiving flask in the

nary solution.

When we continue this. proces
continued as well, then we get the pure

and boiling continucs, then the boiling point of
flask will rise up to the point ‘B’. This is the
‘B’. Such liquid solutions will have greater

i When he process of heating
residual liquid i.e. left behind in the
boiling point of pure components
bOIllI]g pOiIlt than T). | '
8.4.1 Process of fractional distillation: _

~ If we want to do the separation of liquid from a binary mixture, then it can
be done in single operation, subject to-the conditions that solution is 1deal
Moreover, we have to use the fractionating column. ' . 8 |
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The various fractionating columns are shown in following diagram (4).

-

I\":*

4
:} .
o

X

o
...."‘
L]
P

)
"

e

+

L 7
00,
L
""
L ]
M

P
l-:*l-
)
L

A
()
-

e
"
2,

- ".

L
s

< i
R

+»

&

[ ]
*é
:‘-‘.

[ )

¥
%",
L)
L]

3
L
o

.
e

'*I'

*
[

*
&

*

+
%

e

A
[ )

o
5

%S
L o)
ot

(Glass
beads

L

X

"li

R
2
]

L )
s
e
)
e,

e
e

()

"I'
‘;I
o,

F
i
tﬁ'ﬂ-
=
&

L
s

[ ]
i,

o
*

S

[ )
s

"‘

&

»
)

*
™

-
I"'Il

»

o

@ ® .
Fig. (4) Various fractionati
Fractionating column is fitted/ with the thermometer. This i

_round bottomed flask as shown in the following diagram (5). -
Fractionating s |
~column ()

g

MOIB |

volatile Liquid

| Water out

Less volatile
liquid

Stand

Tripod stand

(e)

columns mostly used in laboratories.

s again fitted on a

B Liquid - -~

‘distillate
richin
volatile

£ —

Fig. (3) Fractional distillation by usingﬁ‘acﬁonaﬁng column.
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The pair of liquids which arc to be separated is heated in the round bottomed

flask. The more volatile component “A’ will rise up in the form of vapours in the

column. But keep it in mind that, a small amount of vapours of componcnt ‘B’ will
also risc. When the vapours ris¢ up in the fractionating column, then partial
condensation takes place and the liquid flows down. The condensation of the
vapours of ‘B’ take place more readily, than that of ‘A’. The liquid which comes
back 1n the round bottom flask becomes richer in ‘B’

Those vapours which

* 80 up and transfer to the receiving flask are richer in
"A’. This process continyes

and in the long run, we get pure component ‘A’ in
receiving flask and pure ‘B’ in the distillation flask.

8.4.2 Non-ideal Solutions:

No doubt, there are certain pairs of miscible liquids which obey the Raoult’s

law throughout the complete range of concentrations at a given temperature. These
pairs are as follows.

(1) Benzene and bromobcnzpné
(1) Benzene and cthylenedichloride
(1) Ethylene dibromide and propylenedibromide

However, there are many systems of pairs of liquids, which do not obey the
Raoult’s law, to a greater or lesser extent. It depends upon the nature of the liquids
and the temperature.

| In order to _undcrstand the deviations of the solution from Raoult’s law, lct
us understand the graphs bctween mole fractions and vapour pressurcs, We
observe that there are three types of solutions which show non-ideal bechaviours
and they show deviations from Raoult’s law. |
TYPE-I:

Those pairs of liquids, ‘whose total vapour pressures are intermecdiatc
between those of pure constituents:

(@) If we plot a graph between Eompositions and vapour pressurcs for
'cyclohcxanc and CCls system, then we observe that the graphs pass -
_above the expected straight line of Raoult’s law. Anyhow, the total

ifapour pressure 1s-all the times intermediate between the vapour
pressures of two components. The following diagram (6) makes the

" idea clear.
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Vapour pressure

X,=000 01 02 03 04 05 06 07 08 09 1.03 =X,
X.=100 09 08 07 06 05 04 03 02 01 000 =X,

Fig. (6) Vapour pressure-compasmon graph for type-I solutions.
Some other examples in this reference are: |
(i) 'CH;O0H+ H,0 ' (i) CeHs+ CsHsCHs
(1) C¢Hs + CCly ' (1v) CeHiz + CCL-
Such pairs of liquids create the forces of repulsion to somc extent, as

; 'é:ompared to pure components This makes thc vapour pressurc greater than

- . --expectations.
TYPE-II:

Those palrs of l:qulds which show a maximum pomt in the total vapour
pressure curve, are said to show positive deviation from Raoult’s law Follomng

- graph (7) makes the idea clcar

Examples: | | it |
(1) CeHs + CsHis (ll) - CHs+ C;HiOH (i1) + C.HsOH + CHCl,
: (W) CZHSQH + H,0 (V) C3H70H + H,O0 (Vl) CH3C0CH3 + CS,

T Expenmentalgmph

_ %

Sop '

: |5
;” Expected i E'
2 straight line PR
:*E . g
X,= 000 0.1 02 03 04 05 0607 08 09 1100 x..
X,=100 09 08 07 06 05 04 03 02 .01 000 =X,

Fig. (7) Vapour pressure camposi tion graph for solutions
. Showing positive deviation Jrom Raoult's law.
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TYPE-III: -

Certain pairs of liquids show a minimum point in. the total vapour pressure
curve. They sho

W the forces of attractions among the molecules of pure
vomponents. Following diagram (8) makes the idea clear. |
Examples:

() CH;COCH; + CHCl,
- (i) H,0 + HCOOH
(V) Pyridine + CH,COOH.

(1) H;0 + HNO, .
(iv) H,0+HClI

P,

E. &

= "

5 v POI&
Experimental graph o

Xa= 000 01 02 03 04

04 05 06 07 08 09 100 =X,
X,= 100 09 08 07 06

05 04 03 02 01 000 = X,
Fig. (8) Vapour pressure-composition graph for solutions showing
negative deviation from Raoult's Law.

8.4.3 Frat:tional distillation of Non-ideal solutions:

We have discussed three types of non-ideal
fractional distillation of these three types one by one.

TYPE-I:

solutions. Let us, discuss the

Those pairs of | liquids which do not show the maxima or minima in the
. vapour pressure composition curve, can be fractionally. distilled and pure

components can be separated from each other just like ideal solutions Fig. (6).:" .. &
Such mixtures of liquids which make the ideal or non-ideal solutions and can be =~

separated by fractional distillation are called zerotropic mixtures.
TYPE-II:

In this type, we have discussed those pairs of liquids, which- show the
maximum point in the vapour pressure composition curve. They are said to show
positive deviation from Raoult’s law. They make__ an azeotropic mixture
corresponding to the maximum point which can not _ble sepqratcd_ Fig. (7). Thc .
reason 1Is that such a composition attains a common boiling point. The composition” -
of the liquid and vapour is same. | e i 1 1 1

Ay —
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In order to understand it, we have to plot a graph between boiling points and
the composition Fig. (9). |

th u:t; take the example of water and ethanol. In the dlagfaé?:_ the Componep
‘A’ is alcohol having boiling point 78.5°C am:_l the compc?neﬂ;l boillsinwater havmlg
boiling point 100°C. This pair of liquids gives a minimd g azeotropjc ‘
mixture at 78.1°C. " . boil |

I the diagram, the point ‘C’ corresponds to minimum boiling Mixture,

\
which is called azeotropic mixture of alcohol and H,O. |

Boiling Temperature
— >

b

B ~ S Iy |

X Y Y' X —

Alcohol = (X,) = 0.0 Mole Fraction 0.0 = (X,) Alcoho
Water =(X,)=1.0 3 1.0 = (X;) Water

Fig. (9) Distillation behaviour of solutions of type-II showing
positive deviation Jrom Raoult's Law.

If a solution of composition between ‘B’ and "C’ is distilled, then the-
vapours comung out will have different compositions than the liquid. Consider that
we have a composition ‘X’ of H,0 and alcohol having greater % age of water than

alcohol. Its composition will be ‘Y’ in the vapours state. In other words, the
vapours will be richer in alcohol and the residue will be riches In water. It means
that the composition of the residue will shift towards water and finally the pure
water with boiling point 100°C will be obtained. '

The liquid which ‘is obtained on condensin

& the vapours with composition
'Y’ is distilled. The vapours richer in alcohol will

be obtained. If this condensation
1S continued, then in the long run
These vapours on condensation will give a2

. . gi’ﬁ’e the vapours which have the same
composition as that of solution. At this stage, we can not do any separation by -

distillation. So, we can say that any mixture of composition between ‘B’ and ‘C’

on fractional distillation gives a residue of pure ‘B’ and final distillate of
composition ‘C’. Pure water can not be recovered. '

Now, let us look at other side of thig Curve that ls between ‘A’ and ‘C’.
Consider the liquid mixture having composition “X’’, When it is distilled, then the
composition of vapours will be “Y** which will be richer in water as compared 10

we get vapours of composition ‘C’.
liquid which on redistillation will

|
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her in alcohol. If the distillation is

a| distillate of composition ‘C" will
tant boiling mixturc ‘C’. Purc

, will be ric

| f pure alcohol 1n 2 fin
; Sldll_cfl : thing but a con>

derivation from

which show _positive |
The boiling point

m boiling point azeotr .

oint in the vapour pressure
plotted between

.ch show the minimum p

oint, when the graph 1s

Boiling Temperature
o]

Fig. (10)
showing negativ

According to the diagram, the

and ‘D, will be distilled as follows. . _
composition ‘X’ in the liquid state. The

Take into the account the
< “Y”. The vapours are richer in component ‘B’ and the

‘composition of the vapour 1
residue will contain more of ‘A’. It means that the composition of the residue will
Shlﬂ_towards ‘D’ When distillation is repeated again and again, a residue of
solution of composition ‘D’ is obtained. The composition of vapours will shift
towards ‘B’-and finally pure ‘B’ is obtained. ' '

If means that the fractional distillation of this type of mixturc solution givcs
pure component ‘B’ and a constant boiling mixture of compoéitimi ‘D’.
ﬁsﬂllago:egl?k at 'the other part of the curve, then we can say that the fractional
. ‘ ,solutlon having composition between ‘A’ and ‘D’ will give pure
; mponent ‘B and the residue will have composition corresponding to ‘D’.
4.4 Some important azeotropic mixtures:

These E;it:ldea of ?he'azeotropic mixture has been cxplained in above articlés
res of liquids may be consisted of two components or more than two
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components. They have definite compositions and boil at a constant tenll]];iratufe
and distill over completely at the same temperature without REY SOsuge m
composition. - |

Although, they boil at constant temperature, they can not be regar det_i_as
pure compounds. Keep it in mind that the boiling point as well as the composition
of an azeotrope changes with pressure.

Some important azeotropes are mentioned in the following tables (1) and (2).
Table (1) Azeotropes with maximum boiling points |

»es with minimum boiling points
in the azeotrope
44
79.4
67.0
322

37.0
97.0

8.5.0 COLLIGATIVE PROPERTIES OF
1B DILUTE SOLUTIONS _

The properties of the solutions which depend upon the number of particles

Carbontetra-chloride
Carbon disulphide
Ethanol

Pyridine

Carbon disulphide

Methanol
Acetone

Benzene
Water
Ethyl acetate

operties. These are the properties of solutions
and not of the pure substances. - | . -

There are four colligative properties: |

(1) Lowering of vapour pressure |

(2) Elevation of boiling point (Qbu\lia Stap \.\)
(3) Depression of freezing point Q(‘_\ “vasf_ﬂm )
(4) Osmotic pressure. .

i



Actually, all the colligative properties are devcloped duc to the lowering o

g 2 N
vapour pressure. All these properties are obeyed, when the following condition
are satisfied: ;

(1)  Solution is dilute
(1) Solute is non-volatile -
(1) Solute is non-¢lectrolyte

Now, let us discuss these properties one by one
8.5.1 Lowering in vapour pressure: *
We have already mentioned different statements of Raoult’s law. When a

non-volatile, non-¢lectrolyte solute is dissolved in volatile solvent, then according
to Raoult’s law, the relative lowe

Tela ring of vapour pressure is equal to mole fraction
Y
pe = X, — (1)
AP =

Lowering of vapour pressing
P° = Vapour pressure of pure solvent
X2 = Mole fraction of solute.

The mole fraction of solute depends upon the number of moles of solutc (n,)
and the total number of moles of solution. The mole fraction of solvenfis n,. -

Xz — nT ' e (2) | - /‘—JML
| 1 T 1 ‘ |

AP I
SO, Y 3 N L (3) :
Number of moles of any substance is the ratio of mass of the substance to its
“molar mass. S _ ‘ | e
- W
EIICﬁ, 111 | Ml
W,
I, .= M?.‘-

i and W, are masses of the solvent and solute respectively in the ;olufion.
M, and M, are their molar masses : o
. 2 e SEERERE 4 L __

P - Wlez"'wlfMl.. | . () /Jw‘i it | .
Equation (4), can simplified by considering that the sehaﬂel;i 1§ very dilute

M

_ . ' W,
and hence ‘ny’ can be ignored in the denommator. So, Tl .0'
AP _ WyM,
P° Wi/M,
. AP WoxM, Bk . (5)
pe szwl_ | '

With the help of this equation (5), we can calculate molar mass ‘M,’ of the .
solute which is non-volatile non-electrolyte.
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8.5.2 Lowering of vapour pressure as a colligative property:

In order to have the understanding of this fact, let us COl:'lSidCI' three solutior}s
having 6 gram of urea, 18 g of glucose and 34.2 g of sucrose in 1000 g of water' in
scparate vessels. These solutcs are non-voltile and non-clectrolyte. From the give

quantities it is clear that, all these threc solutions are 0.1 molal each. In each
solution, there are % of Avogadro’s number of particles of solutes. In other

words, cvery solution has 6.02 x 10% particles of solutes.

You will observe that, all the three solutions have same low_cring of vapour
pressure. Hence, we prove that lowering of vapour pressur€ 1S.a colligative

property. In other words lowering of vapour pressure (AP) is independing of the.

nature of solute and their masses, but depends upon the number of particles of
solute.

8.5.3 Methods for the measurement of lowering of vapour pressure:

Broadly speaking, there are two methods in this reference::.

(1) Static method

(i) Dynamic method
(i)  Static Method:, . it B vocdiintts lake? sl
This s, also called differential manometric ‘method._ It is consisted of
differential manometer having a U-tube. This U-tube should contain‘a liquid of

low volatility and having low density. There are two bulbs A and B in this

apparatus. One of the bulbs is filled with a pure solvent, white the ‘other has: a
solution. The apparatus is put in a constant temperature bath. ' '

To vaccum pump -

llIIII!IIIIIlIIIIIIIIIII
- Manometer

= S

- solution  neSOVEIE 42 o ! nlt iV
Fig. (11) Differential manometer for vapour pressure measurement..:; .; -
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The apparatus can be evacuated by thc opcning the taps A, and A,, the

jifference 1n the level of the liquid in the two limbs of manometer s noted. It is the

Walker and Ostwald’s Method:

In this method, we have two types of bulbs, containing the solution having

japour pressure P and the pure solvent having vapour pressure 'P® Fig. (12). Dry
air 1S successively passed through the solutions of nonvolatile solute and then
ihrough the pure solvent. After that, U-tubes are arranged which contain anhydrous
caCl; for absorbing the vapours of solvent which is generally water.

If the sets of thc bulbs are weighed accurately beforc passing air, then we
can determine the loss of the vapours from the bulbs containing the solution. The
loss in the mass of the solution 'W,', is proportional to 'P".

W10C P

When 'Fhis air 1s passes over the solvent bulbs, then it takes up the vapours of
the solvent,.till 1t 1s saturated upto P°. The additional amount of vapours taken up
is propertional to the differcnce (P° - P). So, .

SU, W20C P°-P
or P°-P W, . .. (1)

(i)

Hence, P+ (P°-P)x W,+ W,
P° oc WiEW, | NOE N s (2)
Now divide equation (1) with (2)
P
PP-P = W, |
B o al Wi+ W,
AP Loss 1n the weight of solvent bulbs
P°  Total loss in the weight of solution and solvent
- AP
From the value of po » We can calculate M; of solute
. - A Dry Air

e R —>

THERICICICN f E
nnnintitl U

IR

Air _

—
- -
-
- -
]

!Hiﬂl e et T3

QG LT

i
]IIIEI”I.II”'WJFJH."L.'||'],
'l::!H:I.E.ﬂ-'i-ﬂEi[;[ﬂmil

EJIL!H:IHtIHrEJ _
!

b
b

|
|
|
|

i
ibl
3
i

|

Fig. (12) Walker's and Ostwold's method for measuring the
lowering of vapour pressure. |




As we have mentioned earlier, that the vapour . Pri‘sszlis s;f,;lzll:tﬁn
containing non-volatile solutes are always lower than those of p a

constant temperature. It means that the vapour pressure of solution will never
* become equal to pure solvent at any temperature.

The elevation of the boiling point of solution depends upon tl;etzoginctﬁnd
concentration of solution. It is independent of the nature of the solu ilute
solutions.

8.6.1 Graphical represention:

" The elevation of the boiling point can be understood by plotting a graph
between temperature and vapour pressure. The graphs of the solvent and the
solution are as shown in the following diagram (13). Since, the vapour pressures of
the solutions are always lower than the vapour pressurcs of pure solve:lt at all
temperatures, so the graph ‘CD’ for the solution is lower than the graph “AB’ for
the solvent.

B(B.R of solvent) . _
Q-ylPu=750t°1T ceemmesesescc-cssecaacesonnmenns -@------ D (B.P. of solution) |
q\lP=lessthan760tﬂrr _ ‘
%6;:1
E S Q@EQ' AT,=T -T
o 3 . (elevation of B.P.)
n g
= O |
E— A
C
X! - ' — *+— X
of MG i D
Y’ ——-—> emperature o T.

Fig. (13) Graphical representation of elevation of boiling point.

Pure solvent boils at “T°’, when the external pressure is P°. Solution will

boil at the external pressure 'P', with temperature 'T' Hence ‘AT’ is the elevation
of boiling point. ‘ - |

P, = Vapour pressure of solution at the boiling point of pure s olvent
Mathematical treatment: v .,

In chemical thermodynamics, there is well known mﬁématical relationship
know as Clausius — Clapeyron equation, |

v, P AWy | T, -T, .
Inp,1 = R [ T.T, ] T apens (1)
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According to this equation, (a liquid has a vapour pressure 'Py' at temperature
T,! and vapour pressure 'P;' at temperature T, (Here 'In' stands for natura] log
where base is €). If we apply this equation to the above graph, then we can say that,
R _ Al | T-T°
“P - R | TI
AH, = Heat of vapourization of the solvent. If the solution is dilute, the 'AH,’
i« molar heat of vaporization of pure solvent. ' T

By rearranging the above equation, and putting T —T°® = AT;

_P_ _ AHV ATb] ; - t(_
~pe = TR ['IT“' ¥ :Lmzﬁm ?Mﬂ
Since, the solution is dilute, - e /#M‘Zﬂ 7/7, Lnly
Hence, e T oY X, =
So, e T -
P AH, [ AT} | |
B ey Y 3
lIl Po R [ TQZ : | ( )

Now, let as substitute the vapour pressure ‘P’ and ‘P’ bjz mole fraction of
the solution. This can be done by applying the Raoult’s law. '

Since, P = P°X, (according to Raoult’s law)
P
SO, Fg = X
As, X, ¥X;= 1

SO,' Xl = ]| - XZ_
B, ..o ]ef

encg, po = 2
Putting values of -I% in equation (3) in terms of mole fraction of solute t

 AH, (AT, i S M +
ik -In(l-.-Xz).— R [T‘,;J i A (4) ) 5 6\/‘)‘) b w{ e
- L.H.S. of equation (4), can be simplified by the expansion technique” * 6) +

Xy X

h(1-X;) = -X+75 3
- Since, the solution is dilute, so the value of 'X;', in the form of squares and |, M ’
cubes becomes very small and can be ignored. _ \/M N

“Hence, Im(1-X;) = =X, = o 5 f,,f‘} H
Put equation (5) in equation (4) e .) | .
- AH, f AT - - -

-CX) = = ]

AH, [ AT '
X, = T [T"zh] eie  (6)
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This equation (6), can be rearranged

02
R A (7 s
This equation’(7) gives us the elevation of the boiling point of tclle
Anyhow, we should know the boiling point of purc solvent T
vapourization of the solvent and mole fraction of the solptc X, .

02 -
a Since, Rg{ ) is a collection of constant quantitics, so, we can say that
- 'AT\, is proportional to 'X,'. | ~ |
e W _ ; \ | .
. D2 Gt )7 "o

Since, X, =

solution. .
hecat of

n +ny
In case of dilute solution 'n;’ can be ignored in the denominator,
R N g B <
N3
So, X,= ==
n

If we think that ‘n,” is thc number of moles of solvent for 1000 grams of

solvents, then ‘n,” will be molality of solution (m). Under such circumstances, ML

m R ' 4
e %l o
3 Putting this value of £X3 in the above equation: b 7

3 w | B
» We have taken ‘n,’ inside the brackets because it is the number of moles of

1000 grams of solvent and all other parameters within the brackets are also related
with the nature of solvent. 4 |
All the quantities in the brackets give another constant called K |
; RT2 g g o i
K, = AHn, e (9)
K, 1s called molal boiling point constant or ebullioscopic constant. Kj
~ is.the elevation of boiling point when one mole of solute is dissolved i 1000
grams of solvent. | P | AV Pudab dfied

' ~ Hence Aly, = Ky.m' eeeeas (10)
| : - It means -that elevation of boiling point] is directly pmp::m.rl';ifonalil to the
| molality of solutig_q; ¥ s A ¥ ok

We should be able to draw the following conclusions from equation (10).

(i) Elevation of boiling point is directly proportional to the molality of the
solution. & X S ARE

(i) The value. of the K, 1s independent of the nature and concentration of
solution. | | = e g

(i) The observed and calculated value of Ky should agree with each ofher.




Molalitv  — Mass of the solute _ -_L.______
S Molar mass of the solute * Mass of the solvent in kg.
.. S
=M, X W7 1000
_ 1ooow,
o M, W, e (11)
Substituting equation (11) in (10)
1000 W,
ATy =
- ; R (Wl X Mz)
Ky (1000 W,
or M, = ﬁTb( Wl ) ...... (12)

The molar mass of non-volatile non-clectrolyte solute can be calculated
from equation (12), We_know the mass of solute W;, mass of solvent 'W,',
elevation of B.D. ATy, and 'K} value of the solvent.

8.6.3 Elevation of the boiling point as a colligative property:
In the above derived cquation, we know that.
ATy, = Ky.m

AT, o m ' - M

*So, the elevation of boiling point depends upoﬁ the molality of selutien and
not upon the nature of the solute. Table (3) | -

Table (3) Molal boiling point elevation constant (Kyp)

PO | et

:
. . IHHH
L1
#
.

¥ 234 - 7
5.03
122
2.02
.65
3.596
0.52

Naphthalene
181.8
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8.6.4 Relationship between elevation of boiling point and relative

lowering of vapour pressure: |
As we Eave a]:::ady l:hscussed that the lowering of vapour. pressure jg

responsible for the elevation of boiling point. Now let us try 1o have mathematica

AP
relationship between AT, and 5o
- - l000W, L. (1)
Smce, ﬁTb - Kb w] . h,l2
W ()
ih — Mz
W,
nm = P_d"l_ )
SQ, W; = n; X M, (3)
Let us ‘substitute the value of g from lequation (2) and ‘W, from  equation
(3) in equation (1)
| - K 1000 . n;
rr | ATb B o n . M]
0 ¥ 1000 m; creee (4)
ATb "" Kh ; M] X nl . |
According to Raoult’s law,
%—E = :;—2 (for dih.ite solutions) ~ e+eee -(5)
1 -

AP .
Now replace E—T by 5o in equation (4)

1000 ﬁP

'Hence, AT, = K. M, Pﬂ O £ (6)

~ According to this equation, greater the lowering of vapour pressure greater
the elevation of boiling point AT,

EXAMPLE (3)

When 0.419 g of the solute of molar mass 2524 ¢ mol’1 is dissolved in

75 ¢ of the solvent, the boiling point of the solution is found to be 80.256 °C.
Find the molal elevation constant (Kj). The bmlmg point of pure solvent is

80.2°C.

SOLUTION: s SRR L SR
Data: | e | - L |
B.P. of solution = 80.256 °C
B.P. of solvent = 80.20°C . ,
So, AT, = 80.256-80.2 = 0.056°C = 0.056K
Mass of the solute (W;) = 0.419¢
Molar mass of the solute (M;)= 252.4 g

o cpame Tl o o s el dn SN TEE b ol _ o e o
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Formula: .

The expression for molar mass is
M, Ky 1000 W,

a1l

AT, W,
or Kb = I:d_‘_g (;g : AT—b
Substituting the values, N

K, - 2524 ¢ mol™' x 75 g x 0,056 K
1000 g x 0.419 g -

EXAMPLE (4) e

At what temperature a solut; -
utio -
water will boil. The valye N containing 35.60 g of glucose per 100 g of

: Of AH 0 B il
R=8.314 J K mol™). v at 100°C for water is 40585 J mol™,

SOLUTION:
Data:

First of all we determine the Ky value of the solvent

Muoiar heat of vaporization of water at 100°C (AH,)

40585 ]
Heat of vaporization of water per gram = 5%588—5' = 225475) g

-~ To = 100°C = 100 +273 = 373K

Formula;
The expression for K is, as
K, = RT?
AHy x n,
-where ny = 113;) :
L 1

-, _ 8314JK ' mol” x 373K)*
Kh=

1000
Tg x2254.7J g™ -

1156718.5
Ko = 5254700

Ky= 0.513°K mol™ = 0.513C° mol™
From the value of Ky, determine the AT, value
- Now molar mass of glucose (M;) = 180 g mol™

i ‘It .

- Since,
. o 1000 W,
| ATb - Kb w] Mz X | :
~Kp, = 0.513°Kmol”,W;=100g, M= 180 gmol™', W,=.5.6¢
Putting the values - g
1000 g x 0.513 Kmol™' x 5.6 g -
ATb — 100 g X 180 g mol—ll. = 0.016K = 0.016°C

B.P. of solution = 100 C° +0.016 C° = | 100.016 C°| Ans.
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8.6.5 Determination of elevation of boiling point:

Mostly, there are two methods which are cmployed for determining the
boiling point elevation 'ATy, of dilute solutions.

(i)  The Landberger’s method

(i) Cottreil’s method
() The Landberger’s method:

The method which is used is consisted of four major parts. Fig. (14)
777

Beckmann
thermometer

i-lli pﬁtu

- - -
i T -
- ] = =
-_— - =
= =
= = -
—= =
=—

HE=—||| | boiling
solvent “
£\ A

holg

e TITITLLLLTIT

graduated
boiling tube

hot vapour
jacket
\Y

R To condenser
Fig. (14) Landberger's method for measurement of elevation of boiling point

(i) Boiling flask is used to boil the pure solvent and get its vapours.
(1) An inner boiling tube whose middle portion is blown into a bulb and
has a hole 1n the side. |

(111) Beckmann thermometer which can read upto -1_(136 th of a degree.
(tv) Hot vapour jacket surrounding the inner glass tube.
Procedure:

Take 10 ml of the pure solvent in the inncr boiling tube. The solvent is
boiled in the flask and vapours are transferred to inner tube. The latent heat of
condensation of the vapours raises the temperature in the inner tube upto its boiling

point. The boiling pont of the pure solvent is noted with the help of Beckmann’s .'
thermometer. Let this temperature be 'T°'. ' |

An accurately weighed quantity of solute is added in the inner tube and
again the boiling point 1s noted as done previously. The volume of the solution at
the stage of its boiling 1s measured. The density of this solution is determined later -

on. From the density and the volume, the mass of the solution in the inner tube 15
- calculated. |
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. me“ the mass of the solute, mass of the solvent and the elevation of the
boiling point, we Can calculate the molar mass of the solute.

(1) Cottrell’s,Methnd: i |

d & ;:ehap I:;rat_us IS consisted of graduated tube ‘A’. A liquid is placed in that
and super heg g 1S avoided h s il s acced
on the bulbs of Begkr ecause the vapours and the boiling liquid are spray

ann’s thermometer as shown in diagram (15). The total mass

of the solvent remains th ‘
© same as those of v on reaching the water
condenser. SC OI vapours g

h At the bEgiming a . _ o _ th
boiling tube and jt boilin Weighed quantity of the solvent 'W,', is taken in the

oint is noteq. ¢ . ;
of the solute "W, s addegdp S noted. Then, it is cooled and a weighed quantity

; to that. Boiling point of lution 1 d so the
GifRerence of boiling POt in nogsid & point of solution is recorded an
thThe mass of the solution is measured from the volume and density. In this
way, the molar mass can be calcylated
outlct to maintain
condenser r/ external pressure
7y walcr out
— - A
1, lhenhumetérT
i
| 7 waterin
l
! vapours of liquid
V = inverted -. .
A ‘ funnel tube g,‘MVJ/
¥ fragments of
porous pot

2 : ] - B AL : 3

Fig. (1 5) Caét;'el! 's boiling point apparatus for {neasure_'ment of
elevation of boiling point 6f a solution.
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8.7.0 DEPRESSION IN FREEZING POINT
(CRYOSCOPY)

Freczing point of the solution is the temperature at which the solutloq IS in
cquilibrium with the solid solvent. ‘Moreover, the freezing point of the Sﬂlupon is
always less than that of its purc solvent. This is again duc to the lowering of
vapour pressure of solution.

: M 3.7.1 Graphical representation:

~ In order to have a through understanding, let us plot a graph betwecn
temperature on x-axis and vapour pressure on y-axis. The curve ‘BC’ is for the
liquid solvent and ® P is the freczing point of pure solvent corrcsponding to the
pomnt ‘B’. If the solvent is cooled further, then change of vapour pressure with
temperature is given by the curve ‘AB’. It means that the rate of change of vapour
pressure with respect to temperature is very sharp for the solid solvent. This ‘AB’
curve 1s also called sublimation curve of the solvent. At the freezing point of the

pure solvent “T°” the solid and the liquid phases are in equilibrium and the solvent
In the both phases has same vapour pressure “P°”.

When a solute is dissolved in the solvent to form a dilute solution, the
vapour pressures become less than the pure solvent. To find the new state of
cquilibrium between the solution and the pure solid "solvent,l the temperature must
be known at which the vapour pressure of the solution becomes equal to the solid
solvent. This is indicated by the point ‘F’ in the graph. The temperaturc
corresponding to point ‘F’ is the freezing point of solution. While the solution is

freezing, it is assumed ‘that only the pure solverit separates out. In other words,

solutedoes not dissolve in the solid solvent and has no effect on the vapour
pressure of the solution. The graph is plotted as under. Fig. (16)

Y

YC o o> Temperaiure
Fig. (16) Study of Depression of F.P. of a solution
The depression of freezing pointis~ Vigaale® 144y
ATy = TP-T¢ '
Blg 27—
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athematical explanatiop.

V.P. of pure liquid and solid Solvent at F.P. of purc solvent”
P = VP of solid solvent and solution at temp. 'T¢' ~ T

= V.P. of pure super cooled liquid at 'T{"
In order to apply Clausius - Clapeyron equation, we havc the followmg «
proposal: | i M
Pn = | Toms | | Raii (1) £ v
R L TeTe ‘ {B
Here AH, = Heat of vapourization of the purc solvent 4a 4 X
The point “F* and B’ lie on the same sublimation curve. So thcy must bec
given by the following equation 1 f/ﬂ
P 3 w5 7P
In_.i-_._._é_}_li Tf = X - glmh Pi
| D R | TrT: . T T (2) .

Here, AH; = Heat of sublimation of the solid solvent

Substract the cquation (2), from (1), we get
- 23 ot e | TE~T8) . . |
g . [T £ VI PO

Keep it in mind that durmg subtraction of cquatlon (1) and (2) we havc put -
IAH AH, = AH[

- Equation (3), rclatcs the vapour pressure of the solid solvent to the vapour
pressure of the pure liquid solvent at tcmpcraturc T “Equation (3) also relates the
'vapour pressure of solution to that of pure hquld solvent at temperature ‘T

Now let us apply the Raoult’s law to cquation
pressure of the system to the mole factlons of

(3) and convert thc vapour

the componcnts According to first .
deﬁmtmn of Raoult s law | r
- |
pe = X
Since, X1 +X; = 1, X =1-X,
L SO, E; = 1-X, - )
. The equation (3) is converted mto g o
| AH; v —Tr
11‘1 (l _XZ)""‘ R T{‘ Tf ] Ay (4)
During the expansmn of the L.H. S
Xz Xz
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n(l-X;) = -X;
Equation (4) is converted into

CTe T

- AH
| e = f__ii
Since, TP-T¢ = AT,

\ WQ_ fk{\_Q R T Tf! = T[ol

S b s

 /(solution is very dilute)

~ AHy ATf
H o
' GHCB,- . X2 R T°
Rearranging the above cquatmn
RT% -
. f AT |2
Smce £ 9.3 Xg' = n2
1n the denominator
Ny

N =
2 n

If the solution is taken in such a way “that welght of the solvent 1S 1000

IIIII

-
o ol

TV~ T.‘D ‘

- grams, then ‘n,’ becomcs the molality of solution. Equatlon (5) becomes,

02 Vg F
o= [

AHf N

All the factors within the braclm of
| dependuponﬂtenatureofﬂmesolvmt g
~-Let us put this collection of constants as ‘K' whlch lS the molal freezmg

pomt constant of the salvcnt, or Crysocopic constant

RT -

PINFT AR T l(f' AH!- nl

' chce equatnon (6) can be wntten as |

fLT[ = fom

ATr IS a colhgatwc prupcn;y q, .,s
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8.7.2 Determmation of molecular weight 0l' lolute.

Equauon (8), can be modiﬂed by puttlng the value of mt:;lallty '

Equatlon (8), is very useful_in l'.he sense that we come to ltnow that \‘.he

depression of freczing point AT{‘ only depends upon thg molallty of aolutmns So. i
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Physical Chemistry

Since, the solution is dilute, so the value of ‘X’ is very small. The square
and cubes of ‘X,’ becomc so small, that Lhcy becomc negllglblc

l
L - 'f -
- % I
bl |

-'- g ] L " e -
e i { ‘.; n '|.,_ #
' :-r

and the solution is dilute, “n;’ can be ignored
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Rearranging this equation .

M, < K X(IOOOWZ
AT *\Tw, )

If e know the ‘K¢ valye of the solvent table (4), depression of freezing
weight of the solyte 'W, I

a.nd e. '
calculate the molar magg of —_———" weight of the solvent ‘W', then we can

[

(i) The dep_rcssion of freezing point 'AT

(ii) - The value of 'K, ;

()  The experimental and theoretica] values of 'K

Molal F.P. (constants K
(C*/molal)

874 ;R"'Eihtionship between ;'d:épi'fe‘s
of vapour pressure:

Sion in ?free*zing_'?_pqit;t ﬁith_;lowering |
x - Mathematical 'expfessionﬁof 'ATy' and 'AT{ are Jexagctly  simular. 'Sd; thé '

"~ otatiemship-ef ‘AT, with --‘i‘,f will be the-same-a6-we-have derived:proviouslygfor — ——

| | _ . 1000AP
ATt = Ke "o

It means that, greater_; the loweﬁng of ;vapour‘ pressure 'AP‘,' grcater the
lowering of freezing point. . .. * | |
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EXAMPLE (5)

0.25 g of a solute are dissolved in 20 g of water and the F.P. of solution is
— 0.42 °C. Calculate the molar mass of the solute. Molar heat of fusion of ice
~at 0°C is 6025 J. (R = 8.314 J K™ mol™).
SOLUTION:
Data: | . e
Molar hcat of fusion of ice at 0°C (AH) = 6025 J mol
- 6025 _ 475
Mok bieat of fasion of iccg”’ = (AHp = 18 334.7)g"
Formula: | |
Since
. RTZ
K, = —d
1000 x AHg
Putting these values in the equation ]
-1 1.’
K. = 8.314 JK™" mol™ x (273 K) 27184 K.mol™.

1000 g x 33473 g

Formulal

The rclatmn for molar-mass of solutc 1S -~
| M. = Ky 1000 W,
=

AT; & W,
s b G e
ATe= (-042) = 042K
W| = 20g
W, =-025¢ - .
Substltutmg there valucs, we get -

1.84 Kmol™ x 1000 ¢ x 0.25
At i V

042Kx20g.. . -
M; = 5476 gmol' | Ans
'EXAMPLE (6) ' s Sk p
Urea is dissolved i m H,O and B.P. of solution is 100. 13“C Calculate the
~ freezing pomt of the same solution. (Kf'—"']. 86°C, Kh—OSZ“C)
.~ SOLUTION: - el
edd) g o FISL. of all calculat; thc molahty 0f thc solutlon and then dctenmnc the
~ depressionof FP. d _
- Data: ) , A RS R R Y
H e N Pliofsolution 1 = 100137000 i
-B.P. of solvent H,0 = 10(} o, - MARN |
- - AT, = 100. 130—100 = Qi3'°C " *
il UKy - =10.520°C U
We knr.:-w that TEN
Formula . ,
AL, = Kb X mclallty

_' 11 ' i 5, 18 AT[-, a 0. 130
- So, moiaity of the solution K. —.0 530 0 25
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(i)  Calculating the depression in freezing point
Depression of freezing point (AT) = K;x molality

ATy = 1.836Km™ x0.25m
_ = 0465K
Depression in freczing point. (AT;) = (Freczing point of solvent) —
(Freezing point of solution)

= 0-0468 K
AT; = -0468K = — 0468 °C | Ans.

EXAMPLE (7)

A sn!utiun IS containing 0,520 g of glucose (C¢Hy204) dissolved in 80.2 g
of water. Find the B.P. and F.P. of the solution. K;=1.86 °C, K,, = 0.52°C.
SOLUTION: '

Data: | S 3
Ko = 052Km™ and K, = 1.86Km™

Mass of glucose = - ~ = 052¢
Molecular mass of glucose (C¢H;;06) = 180 g mol™

Mass of water =~ = 80.2g = 0.0802 ke

Formula: |
. - Mass 1
Molali = —
o (m) _Molar mass ™ Mass of solvent in Kg
<t 052g |
180 gms™ * 0.0802 Kg
m = 0.036 moles Kg™'
Formula: Lot 100
(1)  Calculation of boiling point of solution
So .ﬁTb - Kb X molallty
| AT, = 0.52Km™ x0.036m
= 0.01873K = 0.019K _
B.P. of solution = B.P. of pure solvent + AT, = 373 K+ 0.019 K
=) 373.019 K|, Ans.
Formula: Ry, ! HHE |

(i) Calculation of freezing point of f.sl_t'jlllu_t'ipn </ S S v
' AT;" = Kexmolality '

AT, = Kekm v iosd
= 1.86 Km™ x 0.036 m
= 0,067K:
= (273-0.067)K

'Freezing point
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8.7.5 Determination of depression of freezing point:. | |
Mostly two methods are employed for determining the freezing point.
(i) The Beckmann's method. |
(i) The Rast method. _ K . !
(1) The Beckmann's Method: | . s | 3

The apparatus which is used for the determination of depression of freezing i
point, has three important parts.

(i) The inner freezing point tube
(i) The outer tube

(ii1) A glass vessel...

Following diagram makes the idca clear Fig. Pl 2

In the experiment, 15 — 20 grams of the solvent 1s taken_ in th:c inncr freczing
point tube. Since, freezing mixture is taken in the glass vessel it will cool the
solvent through the air jacket, created due to the outer tube. The solvent 1n the tube
is gently stirred and the fall of temperature is noted by Beckmann's thermometer.
As the solvent starts solidifying the temperature starts rising anq bec_:orpcs steacy
aftcr sometime. This temperature is noted, because it is the freezing poirt of pure:

solvent. | P |
DU Beckmann |

TR J— .. Thermometer -

-

- Stirrer
NN AT

‘Stirrer \ - u
SRNO0OED

o
]
r
-
L RN o

%% s

':‘:‘:‘: = :‘:‘:“:‘E s Freezlng 10 Y TENSNG2 | E : |

L o 3 L ) Ay | | N |

OSEE B Mixture |
$.6.€ o g ) : - |
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Kig. (17) Beckmann's apparatus for the determination of
depression of freezing point.
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Tube is taken out of the freczing mixture and the solid solvent is remelted

and qc;curhtely WCighc.d quantity of the solute as 0.1 — 0.2 grams is added through
the side tube of the inncr tube. This inner tube is again placed in the freezing

muxture and the contents are gently stirred, The temperature of the solution slowly

falls. When it. becomes steady, then it is noted. The difference of thesc two
temperatures is 'AT,. '

o This cxperiment can be repeated by adding different
quantities of the solutes : / :

. The depression of freezing point will change and the
nd remains the same.

(i) The Rast camphor Method:

In this me@hod, camphor is a used as a solvent. Hence, only those solutes can
be employed which are soluble in camphor. Actually, the 'K{ value of camphor is

37.7°C. It means T:hat cven very dilute solution of a solute in camphor will have
_ reasonable depression of freczing point. In this way, ordinary thermometer can be

u§ed in place of Beckmann's thermometer. The method is the same, as we have
discussed above.

Other suitable solvents in place of camphor:
(1) Hexachloroethane.
(1) Tetrabromomethane.
Clbmparison of methods:
~ In Rast niéthod, only those solutes can be employed which are soluble n

camphor, so this method has limited scope when we keep in view the nature of the
solutes. Anyhow, this method is superior to Bechmann’s method, in the sense that

()  Ordinary thermometer can be used
(ii). Method is very sensitive
= (ii1) - - Very small quantity of the solute can do the work.

|| 8.8.0 OSMOSIS

When a solution is separated from its solvents by a semipermeable
membrane, then the solvent flows to the solution side through the membrane.

" “This flow of the solvent from higher solvent concentration to lower solvent
concentration is called osmosis™. | ) .

8.8.1 What is semipermeable membrane: - -

2 A semipermeable-membrane is a thin layer which permi s the passage

of only one type of molecules, generally the solvents.

Examples: =~ Rt s N | o .
@) Parchmemt o S SO SR, S cnsons - oy
. (i) Fishbladder ' -
37+ . (iii) Lining of egg shell

| (iv) Cellophane |

A semipermeable membrane acts as sieve in the study of qsmqsis;
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8.8.2 Experimental study of osmosis:

- ' T s in 1748. A
Nollet was the person who did first cxpﬂl’{mﬂm on 0OSmo
simple arrangement is that a piccc of parchmen_t IS ughtly stretched across the belly
of the thistle funnel as shown in the following diagram. Fig. (18)

Initial level

Sugar
solution
Semi-

Fig. (18) Process of osmosis.

The funnel is filled in a concentrated solution of sugar and it is placed'in a

beaker of water. The level of the liquid in thistle funnel rises and then stops after
attaining certain height. e |

8.8.3 Reason for the rise of liquid column:

When the semipermeable membranc is between the solution and the solvent,
the solute molecules bombard the membrane and set up a pressure. Actually the
molecules of the solvent flow on both sides, but the net bpmbardment of the
solvent molecules from the pure solvent side is ‘greater. In the process of ‘osmosis
the flow of solvent stops, when the hydraulic pressure on the other side of-
memb: e 1S equal to osmotic pressure. |

Definition:

"Osmotic pressure is the excess pressure which must be exerted on the

solution side, in order to check the flow of the solvent molecules towards the
solution side, when both are separated by semipermeable membrane."

8.8.4 Preparation of the semipermeable membrane:

The measurement of the osmotic pressure requires the use of suitable semi
permeable membrane. Naturally occurring membranes such as. animal and protein
membranes are mechanically weak and are not perfectly semipermeable.

§0me gelatinous inorganic substances such as Ca;(PQ,), and Cu,[Fe(CN)s)
arc better membranes. Membrane is prepared on a porous pot. First of all porous
pot 1s cleaned by washing with acid, alkali and finally with excess of water. Some

air bubble entraped in the pores are removed by placing it in distilled water for a
few hours. 2.5 % solution of CuSOQ,, is filled in it, and then it is placed In a
solution of 25 % Ks[Fe(CN)g] solution. The two solutions on the opposite side of
the porous part permeate through the wall of the pot, Fig. (19) | '
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A gelatinous prqcipitate of Cu,[Fe(CN)g] is produced in the interior of the
pot where the two solution meet. The reaction is as follows

| ZCUSO.q - K.q [FE(CN)G] —_—) 2K2504 T Cug[FC(CN)ﬁ]

When the reaction is complete then the pot is removed and it is carefully

washed with water. This method is not so popular and it was disapproved by
~ Morse and Fraser.

8.8.5 Electrodeposition of Cu,[Fe(CN)g] membrane:

In ﬂT.liS method, dilute CuSO, solution is filled in the porous pot and this pot
is placed 1n K4[Fe(CN)¢] solution Fig. (19). A copper rod is suspended in the
porous pot. A platinum wire is connected with a vessel outside. Copper rod acts as
anode and platinum wire as cathode. Electric current is passed. Cu'? ions and

[Fe(CN)s] ™ more in opposite directions. They meet 1nside the pores of the porous
pot and make Cu,[Fe(CN)s]. The pot is taken out and is placed in distilled water

for a few days. This semipermeable membrane so formed is fairly strong and can
tolerate a pressure of 270 atmospheres.

cathode anode

CuSQO, solution

2 K, Fe(CN), solution o - | .','
F ig. (19) Electrodepos:‘tiori of copper ferrocyanide membrane. zih :
8.8.6 Measurement of osmotic pressure:

There are three important methods in this respect:
(1) Pfeffer’s method =
(i) Morse and Frazer’s method

(iii)- Brekly and Hartley’s method.
(1) Pfeffer’s method:

The arrangement ‘is shown in the diagram (20). The semipermeable
membrane of Cu,[Fe(CN)s] is used: The solution whose osmotic pressure 1s
required is placed in a glass tube which is connected to a manometer. The tube
along with the semipermeable membrane is kept in water bath. Constant pressure
is developed within a few days due to osmosis. The value of osmotic pressure can
be read directly on the manometer. GEETH

Drawbacks of this method: | / | | !

() It is a time consuming experiment and takes many days to attain the
equilibrium. | |

(i)  If high osmotic pressure is created, then the membrane may burst

i’ . L
=
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I

- Manometer

Solution

Porous Pot

Illllllllllllllllllll
[ | IIIIIIII'III‘I'IIIIII

Water ~

A
- '
-

Fig. (20) Pfeffer's method for medsurihg the osmotic pressure.
(i) Morse and Frazer’s method: - |

In this method, the semipermecable membranc is fitted with a bronze
cylinder. This cylinder is fitted with a membrane. The solution whose osmotic
pressure is required is taken in a bronze cylinder and water is taken in the porous
pot. Consfant pressure is developed due to flow of water and it can be registered in

the manometer. One can measure the osmotic pressure upto 273 atmospheres by
this method. Following diagram (21) makes the idea clear. Sl Ly | -

LY
Solution .
| . Manometer oalis b J ot ;
—— .._-.'.__,-_-..._- A -—- 2t e — : — . l———-mfw—lELel_-u ‘ " .,.. 2 l' ! I b 43 ' e . '
| - Porous Pot . H " B il L o

>



the piston, so that the water level in the tube

. pressure 1s the osmotic pressure of the solution.
Following diagram (22) shows the

arrangement .
Porous Pot A #;E;Lei

W ke

Water

Solution

L [ ]
''''''''''''''
-

Fig. (22) Berkley and lartley’s Method

Jor osmotic pressure measurement.

Advantages of Berkley’s method:

()  This is a very quick method.

(1) During the determination of osmotic pressure, the concentration of solution
does not change.

(iii)  There is no danger for the bursting the membrane.

8.8.7 Isotonic solutions: | | '

Let us have two solutions of different concentrations in same the solvent.

~ They are separated by sémipermeable membrane. Then the solvent molecules flow

from the solution of lower osmotic pressure towards the solution having highér

Osmotic pressure. This process will continue until both the solutions attain the

Same osmiotic pressure. "Such a pair of solutions which produce no flow of solvent
molecules through semipermeable membrane are called isotonic solutions."




o

430 . Physical Chemistry
e —— T ———— e e e
| Actually they have same osmotic pressures. For cxgmple, if we have 6 g of

f glucose in 100 g of water on the

urea in 100 g of water on one hand and 138 g of
other hand, then these two solutions will be 1sotonicC.

8.8.8 Laws of osmotic pressure:
In order to understand the laws of osmotic pressurc, We should look at the
van’t Hoff’s equation of dilute solutions.

Vant Hoff studied the results of osmotic pressure measurement on aqueous
solutions. He obtained good results by Pfeffer’s method. He declared that there is

strict parallelism between the properties of gascs and dilute solutions.
He put forward a theory of dilute solutions. According 10 this theory, a
substance in the solution behaves cxactly like a gas and the osmotic pressure of a

dilute solution is equal to the pressure which the solute would exert, if it were a gas
at the same temperature and occupying the same volume as a solution.

This theory is based on .simple laws, just like the gas laws. These laws are
discussed, as follows.

(1) Vant Hoff-Boyle’s law:

"According to this law, at a certain temperature, the osmotic pressure of a
solution is proportional to its molar concentration."

n < C (at const. tcmperamrc)
n = K.C. (atconst. temperature)
| TR + .
Cc = K - (at const. tempcrature)
Since, concentration of the solution is inversely propnnioﬁal to volume.
1
oS V.
Hence, nV= K

This 1s just like a Boyle’s law for gascs hccordingf to which PV = constant, at
a constant temperature. 7 dlave 1o wa | :

(2) Pregsu're — Temperature law:

"According to this law the osmotic pke:sis-‘ure of a

_ _ solﬁrion ié r;o ortional to
absolute temperature at a given concentration.”" | L. o -

oo T (when ccjnccntration 1S conét.) '
m = KT (When concentration 1s const.)
T . K | ~(When concentration 1s const.)

= F‘.I

IT1

This is just like the pressure temperature law for gases

[P
T = K
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(3) Van’t Hoff-Avogadro’s law:

"According to this law, the equimolal solutions of different solutes have the

same osmotic pressure provided that the solute donot undergo association or
dissociation." | ,

This law can also be stated as follows. “Under identical conditions of

temperature, equal volumes of two solutions exerting equal osmotic pressures will
contain e€qual number of molecules of the solute”.

T o n
(4) General equation for solutions:

In the above mentioned three laws, we have becn given the idea that

1 . '
Ty
T o« T
T o n
If all these three parameter V. T and n vary simultaneously, then
oyl AT Ep .
| \Y
1 T = (Constant) 2
| nV = (constant) nT
The value of the constant determined by various experimerits is general gas
constant ‘R’.
~ So nV = nRT
This equation is identical to ideal gas equation

PV = nRT | -
It 1s found that the dilute solutions behave just like ideal gases. -

- Van’t Hoff’s law and Raoult’s law:

Vant Hoff’s law of osmotic pressure can be deduced froin Raoult’s law of

lowéring of vapour pressure. Raoult’s law is applicable to dilute solutions, when
-the solutes are non-volatile, non-clectrolyte. So Van't Hoff’s law in its present

form is also applicable ta dilute solutions
substances.

Limitations of Vant deP s law:

This law holds only, if a solution of non-clectrolyte is not greater than 0.1
molality. The % age of thc deviation intreases, when the concentration of the

solution increases. This law also fails in the case of solutions of electrolytes which
give higher values of osmotic pressures than calculated by osmotic pressure law.

8.8.9 Osmotic pressure as a colligative property:
We have derived the general equation for solutions as, ©
singy puriel TS ART . )
_ R
T =y RT
T = C.RT

of non-volatile, non-electrolyte

1w
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At constant temperature, I
| t o« C

It means that osmotic pressure only depends upon the concentration of the
solution, but not upon the nature of the solutc. Hence, osmotic Pressurc is a
colligative property. |

8.8.10 Thermodynamic treatment of osmotic pressure:

Osmotic pressure is related to the vapour pressurcs of the solution and the
solvents by a well known equation in thermodynamics

_RT P i (1)
i — v]ﬂ !I'l P . : |
Here,
r = Osmotic pressurc of solution
T = Temperature i
V,° = Molar volume of the solvent - -
P° = Vapour pressure of purc solvent
P = Vapour pressure of solution |
Rearranging
; p° h
nVy = RTh 5 matol, nlskie, 2)
According to Raoult’s law,
P
p = X
X +X; = 17 [5ed ericittilos cqulihs oty 302 b
So, 1-X; = X . e twmla Hoonl bes
P S »
Hence, 5 = =X, ,
r 4 - ._P_ e s |
SQ, In po = [n (I—XQ)
g 3 pe - R :1_,_: 1 oaney TEER
AN | [n-F = '—ln(l--.—-—.Xz)* on 5 %t wlng sslad sl wilt
Putting inmequﬁtion(.Z)_ | _ i W oale wal sl a
.2 wV,® = “RT In (1= X5) e o v ()it
. n(l -X;) = —X1‘+_-_-2-!-.-;. -?2'- ki

Since, solution is dilute and valus of X, is very smaller than unity, so, X7
and X’ are neglected. g _ 1 _

h‘_l (1 = x'.')l"': > X
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Putting this valuc in cquation (3)
TCV]U = RT Xz """ (4)
. _ Iy
Since Xz = n, + n, |
In the casc of dilutc solution, 'n,” can be ignored in the denominator. So,
_ M o
X; = o

Hence, cquation (4) can be written as,
V)’ = RT %
. AV =" RT n, |
~Let nVv= vy~ ;
Where ‘V” is the total volume of the solvent.
- Hence, | =V = n,RT | vesee (3) 1

According to cquation (5), volume of the solvent ‘V’ can be taken as the

r -volume of the solution, because solution 1s very dilute ‘ny’ is the number of moles, .
| of solute R i e

- ®V = M, . RT (6)
-+ With the help of cquation (6); we can calculate the molar mass of the non-
volatile, non-electrolyte solutc in a volatile :solvent. For. this purpose, we should
know the osmotic pressurc of; the solution '%', volume: of the solution 'V', weight of
the solute W; and temperature of the solution “T°. These cgpation (5) and (6) are
called Van’t Hoff’s cquations of osmotic pressure. It has another shape as well e

TV = l'lzRT
i
=Y RT
n; ‘

v = C  (concentration in mol. dm™)

n = C.RT T e (1)
T oc C (at const. temperaturc)
It means that different solutions of samc concentration will have same
osmotic pressure at a’'given temperature,, . . it 2 agt
EXAMPLE (8) |

A solution of sucrose is prepared by dissolving 68.4 g of it in one dm t_)f
solution. What is it osmotic pressure at 300, K? The molar mass of sucrose is

342 ¢ mnl'_".

R = 0.082 dm® ‘atm K mole™,
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Data: W s -

Mas_s of sucrose = 68.4¢

Vol. of solution = 1 dm’ ’
300 K

Temp. =
Molar mass = 342 g mol™ |
> = 0 0821 dm’ atm. K mol‘

A%

Formula; |
The formula for osmotic pressure () 1. L e €0 SRtBLEE 00

T é?‘RT

Mass of sucrose in 1 dm of solution = 68 4g

Molecular mass of sucrose . = 3421

| | 63 4 e b
Moles of sucrose, . n 3 42 =02 moles A

The value of R is taken such that the umts of pressure should be in

atmospheres. e g A 4 lsipatar gl el
Substltutmg ﬂle values "y ._. : YT )] bt s ;-1_'_ -,‘. : il .."~.-"+

s 021‘1'10]353(0082(11“ tlTlK m01 X3OOK Ans_

1dm3
EXAMPLE (9) | |
| An aqueous solution of glucnse (C,;HuOﬁ) has an’ esmetie pressure of

2,72 atmospheres at '298 K. How many moles and. grams of glucese are

dissolved dm™ of the solution; R = 0.082 dm atm K“ mor‘

E

SOLUTION: = oo sl et bk O arki
Data: PR TR N i DRI QNS G BRI R TS A Y e s
2.72 atm

298 K5t o s g 2

a ':-1.
ey |

Formula: FE ey el
We know the relatlon for osmetle pressure ey
2o R CUUTES DS R

e L& . : -
- I = &
1 i wrtat r'| - .
| . L
» x g i -.' : - r 1_-\. . g | 1 " i
- 3~ oS RNME

<
|

£
I

V Do P
I U } 1 Y PEENE A
. T | . . 4 | ; " ltaj .,* ;~.='=~"‘,1.'- g 4
v gy o L
R | g il g
i AR AR RN I T b} U4 Bh (R RV E TR LAY

i QB P F RS 1 B F 1

=
bk
1l

Substltutmg the values we get SRS AT HEARLON T ftt-;;-i"ﬁ:" 1,
* 272atmx1dm3 REAS

'ng_.- A -0.082 dm’ ath mol *><1298 K G 0 12 moles

Mam atighonse ”'='-0'12"130 = Ans.

= .number of moles of solute dlssolved SR SIS

*f
.1
|
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EXAMPLE (10)

Osmotic pressure of solution
em’ of solution is 25 torr at body
mass of the protein, R = 0,082 g’

containing 7 g of dissolved protein in 100

temperature 37°C. Calculate the molecular
atm K™ mol™.

SOLUTION:
Data:
Mass of protein = Tg.
Vol. of solution = 100cm’ = 0.1 dm’
Osmotic pressure, T = 25torr = :,‘265_0 = 0.0328Y atm.
Temperature = 37C°+273 = 310K
Formula: .
We know that relation -
| * _ | i TV s I'lz*RT
a: ! | \"
- m =
So, TV = % RT
WRT -
ks AV

Substituting the values, we get

1329 atm x 0.1 dm°

M = [ 1338901 gmol ] Ans.

SUCrose (ClenOn) is isotonic with a 0.9 %
Calculate the molar mass of unknown solute

EXAMPLE (11)

A 513 % solution of .
| solutlon of an unknown solute

SOLUTION
Data._‘ + ,
513 % solutlon means that 5 13 g of solute is dissolved in 100 ¢m’ of
" solution. | I TDINNE. S
| -, ‘Mass of sucrose . - (W) =5.13g "
; / Molar mass of sucrose (M)"= 342 gmol" "'

Volume of solutlon (V )

_ 100 cm’ = 01dm3
Formula Si
' ...V = nRT
e O TORT
i 2 B
0 Since, AR
CWERT
RO T A
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Putting valucs
: 5.13 RT
v 342 x 0.1

3
I

For unknoﬁm solute
Mass of solute (W) = 09¢g

Molar mass of solute (M) = ?
- Volume of solute V) = 0.1 dm’
;0 - WRT
"TTMYV
~ 09RT
T T Mx0.1

Since solutions are isotonic, so osmotic pressures must be the same.

Hence,
0.9 RT 3.13RT.

M x 0.1 342 x 0.1

L 09x342 -
M_. 513 - lﬁOgmmol IAns.

8.8.11 Mechanism of action of semipermeable membrane: . :

Various theories have been proposed -from time to time, regarding the
selective action of semipermeable membrane.

(i) Molecular sieve thenry':

This concept was given by Traube. He thought that each semipermeable
membrane is consisted of tiny pores, which allow the passage of smaller solvent
molecules only. But larger solute particles are retained. But it is very strange to

know that if the solvent molccules are bigger than the solute, then again the

molecules of solvents pass through. Hence, this theory is not widely accepted.
(n) Adsorption theory: " , |

According to this theory there happcﬂs preferential adsorption bf solvent
molecules on the surface of the membrane. Due to their closeness to the pores of
the membrane, they can pass through casily. -

(i)  Concept of capillary action:

According to this theory, it is thought that any semipermeable membrane is
consisted of large number of microscopic capillaries, which are not wetted by the
solvent. The vapours of the solvent. can pass through these from a region of high
vapour pressurc to a region of low .vapour pressure. Vapour pressure on the solvent

side 1s greater than on the solution side. Anyhow, this theory has the weakness that
the wetting behaviour of the membranc can hardly justify this theory.
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dissoclate or associate

In the case of dissociatj
solution increasc and sq th

T_'he formulas for the determination of molar masses from the colligative
properties are as follows: | EE

Since,“%g- - %f X -%—!1-
.‘SO:- AP o ﬁ;‘ | e (1)
Sincez, A’I‘b = \1;;102 ;V/Iz
.SO:-‘ AT, = '1'\,‘11‘2‘ L e (2)
S, AT, = Ko
Since, ©V =%RT
R

From all these expressions (1). to (4). we come to kn
Property is inversely proportional to the molar mass of the solute.
| Colligati\fe propertty o Molar-iriie.
' - ; e m ' l -_ 1 . I | |
% Colligative property

P -

. Molarmass =~ -

Particles. ._ |
1 : \

_ Hence,  Molar mass oc Number of solute particles b (5)

ow that a_colligative

- Toaie 'mlligative -?kpmif,erty 1s directly 'prop_ortional -to~the-'nu1hber of solute

B ooy
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8.9.1 Association: |
~Somc of the organi
solvents, so the total number of the molecule
may be duc to hydrogen bonding. When the
produged, then the number of solute particles
bccon%:s double, than that of its theoretical values. _
" In the case of CH;COOH, the molar mass COMES out to be 120 rather than
60, which is its actual value and the reality is that CH,COOH forms the dimer in

benzene..

'8.9.2 Dissociation:
| if the solute under consideration is electrolyte like an
number of particles increase. So the molar masses decrease.

NaCl gives double the number of particles, SO the molar mass become close
to 30 which is approximately half of 58.5. In the case of CaCl, the number of

particles become thrice and so the molar mass becomes almost 3 pf its actual molar

¢ .substances undergo association in non-aqucous
s in the solution decrease. Association

dimers of solute molecules are
become half and molar mass

acid, base or a salt, the

Imass.

8.9.3 Van’t Hoff factors (i):- |
" .As we have discussed above that the values of the colligative properties are

‘higher for solutions of electrolytes and the values of colligative properties are less
for the compound making the dimers. In the case of non-electrolyte the colligative

properties are quite normal.

" The number of times, a colligative property of electrolyte is greater than that
of non-electrolyte of same concentration is called Van’t Hoff factor (1). It can be

‘written as a ratio )y | | ¥, . %t
. _Observed value of colligative property of an electrolyte
| I = Observed value of colligative property of non-elcctrolyte

If the colligative property of ciectrdlyte is denoted by dash (/).

P AR T AT AT T I NTIR ey f oy

Then, 1 = E; = E;h = Eﬁ = ;:-; ; ceeest (6)

It is also observed that, the colligative properties-increase with increasing
dilution and approach limiting value at very large dilutions. |
Van’t Hoff factor helps us to ‘determine the degree of dissociation of th
clectrolyte. | b L edBIn SHET S DIMOIZIONIR it sl &) (ng
8.9.4 Degree of dissociation from cqlligati\{g: pl‘gpert_ies:l.

We consider one mole of an electrolyte and suppﬁse that ‘o’ moles from this
dissociates to form the ions. The undissociated number of moles is ‘1 - @
Suppose that ‘n’ is the number of ions formed when onc mole of the solute
dissociates, then the number of solute . particles. after. the dissociation -of same
quantity is ‘1-w+nc’. " A |

Now,

l-o+na - = 1+@=1)aim:; =~ TR
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We ]G'IOW that, accordlng to deﬁmtlon of Van’t Hoff (i) factor '
3N - Number of particles after dissocaition -

Number of particles before dissociation

1+!n—12q

Il

1
1 = l+na-q
| ArlpE one—a
1-1 =a(n-1)
2o fo | . .
"mLs (7)“

This equation is very Important because we can calculate the degree of
dissociation of electrolyte if we know the ‘i’ factor and the number of possible ions
produced due to the dlSSOClatlﬂn‘Of one malecule of the clcctrolyte

EXAMPLE (12) | il T S
A substance "A" of molar mass, 98 associates as R Az,

when it is dissolved in CCl,. If 10 g of A is dissolved in 2 kg of CCl,, the

freezing point is lowered by 1.08°C; K.- for CCl4 1 IS 31 8 K. Calculate the degree
of association of A. -

- SOLUTION: ;
Data:
" First of all do the calculations of molecular mass ‘which can be obtained
accordmgtothedata L |
W, = 10g i) ;
W, = 2000g T A T
~ATr= '1.08°C L R e , i
' _'Fom_“h_"-'_ | g4 et ity |
T L KX Wy %1000 R " iind i Lt
v Mz'? —AT—_fo1 5. ol
"iPutl:mgvalues pddt Ea g e E ) . SO
! e
- By - S-Kln;)%lK);lz%ooxgmoo = [1472gmor" | Ans
._;,,‘hr:CalculatlonofVan'tHoﬁ‘factor" RN SRy Ny ;
e normal molar mass .__._&_ 06657

~ observed molar mass ~ 147.2

- Calculation 6f degree of assécji_atiqn (q)

l— l : q.. o I|{ . - Pl 1'| ]
I.l'l i 2 g b : [ A8 {

I ?l_ l
% i

. l A8 T E
] M Ny = i
— ™ !
3 | - i .| L

ik
m
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Sincc 'A' undergoes dimecrization, so m = 2

0.6657-1 _ 06657-1 _ —03342
=T T L R -
7 -

| So;, a = 668 %] _
So, 66.8 % of the molccules of A are asspciatcd to givc the dimer.
EXAMPLE (13)

When K, Fe(CN)s is dissolved n water, then it is 50 % dissociated,

having concentration of solution as 0.1 M. What is the osmotic pressure of this
solution. '

SOLUTIONS:
Data:

K4 [Fe(CN)y] =—— 4K® + [Fc(CN)s]
Since onc molccule dlssomatmn into ﬁvc partlclcs .. b
o ST 56 glines. Vs
Degree of dissociation *
a =50% or 0.5

Formula: b .
Degree of dissociation a is given by the equation
1—1
_ T m-1
Putting values
1— 1
i-1 = 4x050 = 2 o AR W R %
Van't Hoff factor i S |
i = 2+1= 3 |
Formula: | (.
The cquation for osmotic pressure is
n = i CRT '
C = 0.1 moles dm™
R = 0.082 dm’ atm K™ mﬁl_
T = 300K
Putting the valucs | |
m = 3x01 molcsdm ><0082dm ath rnol ' 300K
l_,n /.38 “1tmf; TR Sl ok

EAXAMPLE (14)

1 % solution Kl is d1550ciated to the extent of 80 “/n What w:ll be the
osmotic pressure at 300 K? R = 0 082 dm K'1 mol L) EL%

SOLUTION: il PR

Data: N AT gl L o
Mass of the solutc = 1 g diedb S oA
Volume of the solution = 100 ml (since solutlon is 1 %)
Mass of the solute dm” = 10g _

Molar mass of KCl .

(l

74.5 g mol’ v



10 3
25 = 0.1342 moles dm

S0, molar conc. of solution (s)

Temperature = 270C +273

Il

300K

Formula:

The formula for osmotic pressurc

| n = CRT + (C=molar concentration)
Putting valucs

Il

T = 0.1342 moles dm™ x 0.082 dm® atm K™ mol™ x 300 K

3.3 atm

‘This 1s the osmotic pressure of KCl if it would not have dissociated. It is the
normal osmotic pressure

Van't Hoff factor ~ (j) = observed osmotic pressure

normal osmotic presusre

Il

T

The Van't Hoff factor 'i' can be calculated from the degree of dissociation

Let us say the degree of dissociation of KClis a

KCl ——— k®+(°

&

| l-a PN W
Number of molcs before dissociation = 1
- Number of mole after dissociation = l-a+at+a = 1+q
Now, o =0.8, because KCl is 80 % dissociated
 VanHofffactor -
o Moenade 1 - _Total no. of molcs after dissociation :'r
Total no. of moles before dissociation
| + I
A= 35T T i
gt Ate OV IR00. | \
i'= 1.8
Now '

" observed osmiotic pressure 1g
§ ‘= = saiif)

-normal osmotic pressure

Obscrved osmotic pressurc
3.3

e v

33x 18 = Ao

0 OF e Obscrved osmotic pressure
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EXAMPLE (15) 3
Sodium chloride 1s dlssolved :» water and contains 5.85 g dm . The
osmotic pressure is 4.74 X 10° Nm™* at 300 K. Calculate its Van't Hoff factor

and degree of dissociation of NaCl.

SOLUTION: .
‘Data: 1
Observed pressure (1) = 4.74 x 10° Nm™
Mass of NaCl = 585¢
Mol mass of NaCl = 58._5gm»::~l'l _ "
' 585 | |
No. of moles of NaCl = -5_8_5 = 0.1 i - G -i
| T = 300K ~ '
V=1dn’= 10°m’ |
R = 8314 JK™ mol”
Formula: i i
vV = nRT LAt 10 B ; 3 | J
‘ |
# = GBT . - _ 3
Putting values 15t ey e Ve |
0.1 moles x 8314 JK mol"~;>< 300K .
" A T o
T = 249::(105’Nm"2 ‘ . ’
; i_
This osmotic pressure is created when NaCl is tlmug}if tdbe normal | g

% SO0 g - observed osmotic ©
Van't Hoff factor 1 = L res_s ‘.“"* ,
- calcualted or normal osmotic presure L

474 x 10°

= agap = 190

In order to calculate the degree of dlssocmmn o proceed as folloﬁs |
- Let "o." be the degree of d1550c:1at10n of NaCl -

NaCl =——— Na +Cle ,
1"‘.‘(1. . oL -'+l(1

Nuiri_bér of moles before dissociation =1 =~




solutions

= |- a+oa+a
= l4+a
: _ T]:t}:l no. of molcs after dissociation
no. of moles before dissociation
19 = lta
]
l+ g = 19

8.9.5 Effect of dilution on degree of dissociation:

| It l‘S ('31331- that when the dilution of the solution 1S increased, then the degree
of dissociation iicreases. When the 5o

T 4 <oy ' ution is infinitely dilute then there is 100 %
d_lS"SOCI& S | " becomes unity. Look at the table (6) for different electrolytes.
It is clear that in the case

- of concentrated solution around one molal, the Van’t
Hoff factor (i) is less th

i | 5% an that value which is there in the case of complete
dissociation at infinite dilution

Table (6) ‘¥’ factor and concentration of solutions ‘

0.0l m 0.1 m

T
o,
T

3

The value of ‘i’ for uni-univalent electrolyte as NaCl should be 2 because

the double the number of particles are produced and so we expect that the freczing

. pomnt of one molal NaCl solution should be lowered twice as compared one molal

solution of non-clectrolyte. But this is not true in the table for. 0..01 molal, 0.‘1.

molal and 1 molal because at these concentrations, 100 % dissociation of NaCl is
not possible. When NaCl is 1.00 molal then ‘1" factor 1s 1.82 rather than 2.

Similar types of explanations can be given for CaCl, and FeCl; etc.

i"U
-n
2
-]
o
[
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8.10.0 DISTRIBUTION LAW

8.10.1 Introduction:

In order to understand the distribution law, lct us consider two Tmmiscible
liquids called ‘A’ and ‘B’. When they are mixed, two laycrs arc produced. The
liquid with higher density makes the lower layer.

Now take a solid solute ‘X’ of such a naturc, that it is soluble 1n bﬁt.h ‘A’
and ‘B’. The substance X’ is distributed in two layers. Definite concentration of
the substance ‘X’ arc present in separatc layers of ‘A’ and "B’. Thesc
concentrations depend upon the solubilitics of “X’ in solvents ‘A’ and ‘B’.

8.10.2 State of dynamic equilibria:

At a constant temperature, the concentration of ‘X’ in both layers of "A’ and
‘B’ remain constant. Anyhow, the molccules of ‘X’ travel from ‘A’ to ‘B> and ‘B’
to “A” with equal rates. This is a statc of dynamic cquilibria. Fig. (23)

Fig. (23) Dynamic equilibria of solte in two layers.
Experimentally it is found that the ratio of concentration ‘X’ in ‘A’ and ‘B’
IS a constant quantity at a given tempcraturc. This constant parameter is called
distribution co-efficient or partition co-efficient and is denoted by Kp.
' k. . Cconcentration of X' in'A’ '
® "~ toncentration of X' in'B"

Example:

(1) Succinic acid is soluble in water and ether both. Anyhew it 1S morc
soluble in water than cther. Fig.(24) -

Ether ‘Su'ccin'ic

Fig. (24) Dfstribﬁtfon of succine acid in water and ether.
~ Following table (7) shows the concentrations of succinic acid 1n ether and
watcr-and the distribution co-cfﬁcmnt of succinic acid in these two solvents.

conc. of succinic and in water
conc..of succinic acid in cther
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TA

BLE (7): Distribution of succinic acid in water and ether,

Concentration of
sucg:inic acid in 10
cm” of water (C,)

Concentration of

succinic acid in 10 cm’
of ether (C,)

Distribution of I, between water and CS; is another best example. Following

table (8) _helps tolundcrstand the constancy of Kp. The C, and C, arc the
concentrations of I in 10 ¢cm? of solyent. _

TABLE (8): Distribution of I, in water and CS,.

8.10.3 Nernst’s Distribution law:

In 1891, Nems’F studicd the distribution of scveral solutes in suitablc pairs of
solvents. On the basis of his findings, he gave a law which is called Nemst’s

distribution law or Nemst’s partition law. It is also called distribution law or
partition law. - |

Definition:.

"If a solute distributes itself between two immiscible solvents at constant
temperature and the molecular conditions of the solute remain the same, then the-
distribution co-efficient, Kp, remains constant at a given temperature for various
concentrations of solutions." '

8.10.4 Solubility and distribution law:

| If a solute 1s mixed with a pair of imisciblc solvents, then we can add the
solute 1n such a quantity, that the solutions may be saturated. The saturated
solutions of the solutes are indirectly the solubilitics of the solute in two solvents.

_Ca _ 5a
P~ Cs S
Where ‘S,’ and ‘Sg’ are the solubilities of solutes in ‘A’ and ‘B’. It means that, we

can calculate the solubility of the solute in one of the solvents ‘A’ or ‘B’ if we
_ know the solubility in the othcr solvent and the value of Kp. | ' -

K
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8.10.5 Limitations of distribution law: |

As we have mentioned above, the distribution law is not applicable for all

 the solutes for every pair of liquids. Following sceulitins: shevicl-be Taititied. B

the application of this law.

(i) The concentrations of the solute in two solvents should be measured
after the equilibrium has been established at a given temperature.

(ii) The solution should be dilute. Concentrated solutions mostly donot
obey this law.

(iii) The solvents should be non miscible or only slightly miscible.
(iv) - The temperature should be constant during the experiment.

(v) The solute should be neither associated nor dissacigted._ IIn _other words
the molecular state of the solute should be the same in two solvents.

8.10.6 Modification of distribution law and change in the molecular
state: ' e

According to the above discussion, the ratio of “C,’ and ‘Cy’ is a constant
factor. Anyhow, the solute should neither be associated nor dlssocmted‘ In any of
the liquids ‘A’ and ‘B’. If the solute changes its molecular state, then it 1s ft_aund
that ratio ‘C,’ to ‘C;’ is not constant. But keep in mind that distribution law will be
applicable to those concentrations which are in the normal state.

| Let us discuss, the situation of association and then dissociation ‘in any one
of the solvents ‘A’ or ‘B’. ' |

8.10.7 -Association of solute:

.- We have two solvents ‘A’ and ‘B’ which are immiscible. Our solute 1s "X
which distributes in ‘A’ and ‘B’. Suppose that solute ‘X’ is present as simple
molecules in solvent ‘A’. If ‘n’, molecules of ‘X’ arc associated in solvent ‘B’ than
‘X,” molecules are present in solvent ‘B’. Keep it in mind that some molecules of
‘X’ are present as simple molecules along with “X;” 1n solvent ‘B’. The reason 1s
that, 1t is not necessary that all the moleculcs of ‘X’ get.associated. There 1s
equilibrium between ‘nX’ and “X,’ and definitely there is equilibrium constant.
Fig. (25) . ’ - - | |

Solirent A

. Solvent B*:
Fig. (25) Distribution coefficient when association
happens in one of the solvents.

C, = Concentration of X" in ‘A’
C; = Concentration of ‘X’ in ‘B’
C, = Concentration of ‘X;’ in ‘B’
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istribution law can be applied for ‘C,’ and ‘C,” in solvents ‘A’ and ‘B’

AT I IR #7 (1)

ical equilibrium between ‘nX’ and ‘X’ in solvent ‘B’. The

Let us take the nth root of equation (3)

| KC e C2”n,. | ...... (4)
Dividing equation (1) with equation 4)

R ST o

Kc”n . E;Tfﬁ' ,I
G o, - Ty

E‘;TE | S e (5)

' So, when the solute is associ

is not the simple ratio of ‘C,’ an
associated, thenn=2 .

Kp =

ated in one of the solvents, then the value of Kp
d °C;’. If two molecules of substance X’ are

VG et - . |
If three molecules of the substance ‘X’ arc associated, then |

L Kp = C,3 . andsoon::

; | iAnjrhow',, if the solute ‘X’ is associated In 'sdlif(‘ént ‘B’ and ‘n” molecules of
- that are associated, then - IR Tl i

ek, 0% Ca'fn |
" insiz One: of. the best examples'is. the distribution of benzoic acid in water and | .

benzene. Benzoic acid is dimerized in benzene and so the value of ‘n’ is 2. Table
(9) shows the concentrations in two' phases. - :

st ' L ' .QCbcnzcnn
5 KD -

Coiith iritics
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Table (9) Distribution of benzoic acid in water and benzene

In benzene

| (Cr)
0.0150 ' | (
0.0195 0.412 0.048 0.0304
0.0289 0.970 0.030 0.0299

8.10.8 Dissociation of solute:

Therc are certain solutes which arc dissociated into ions in one of the

solvents ‘A’ and ‘B’. Under these circumstances the ratio C,/C, docs not remain
constant,

Suppose in solvent ‘A’ the concentration of ‘X’ is ‘C,’ and in sqlvcntﬁ‘B’
the concentration of ‘X’ is ‘C,’. Remember that, C; is the total concentration of ‘B’
including dissociated and undissociated molecules. Now suppose the degree of

dissociation of ‘X’ in ‘B’ is ‘a’. It means that out of one molc of ‘Xf, ‘a’ has been
dissociated. ‘1 — o’ is left behind as undissociated. F 1g. (26)

X <———— dissociated

1 0
(1-a) ()
..

- Solvent B
C,(1-00) = Djssocaition

Fig. (26) Dissociation of solute in.solvent B. £ o' s
The concentration of undissociated or normal molecules in solvent ‘B’
be C; (1 — a). The distribution law is applicable to normal molecules. So

B -
- Cz(l*-(l.)

In other words', the Kp can be calculated
degree of dissociation. .

Examples:

‘Solvent A -

will
, if we know the ‘Cy’ and ‘C,” and |

| water, then we come to know that
S0, the above equation will hold. - -

How to measure ‘a’:

The degree of dissociation ‘e’ in the given solvent can be found by
measuring clectrical conductance of the solution in water. LIty
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EXAMPLE (16) -

it Benzoic _acid distributes itself between water and benzene in such a way
that in a definite volume of water, there are 1.50, 1.95 and 2.97 g of benzoic

acid; while in equal volume of benzene, there are 24.2, 41.2 and 97.2 g of

benzoic acid. Wl}at conclusion can be drawn from these results concerning the
molecular condition of benzoic acid in benzene.

SOLUTION:

(1)  First of all we suppose that benzoic acid is in normal state in both phascs
Formula:

CWatcr
KD CBcnzcn:
Putting the values of concentration of benzoic acid is both . .ascs one by one
(1) L = 0.06198
24.2 |
() =2 = 0.04747
41.2 '

. 297
(111) 977 = 0.00062

Since ratio is not constant, so benzoic acid is not normal in any one of

the solvents or both solvents.

(1)  Now consider that benzoic' acid is associated in benzene and bccomes a
| dimer. s | |

Formula:

K[) . CWat:r

. - \‘CBmzcn:

Putting the values of-conccntrations again one by one

. 1.50 . - 1.50 |

o i3 19910 b O

(11) —"41-2 = —6;418'_ 10.3036
2.97 2.97

(ii1) .- 97.0 =§‘m - --0.30}6

The ratio in the two abdve 7_ céSes ;arc. fairljr constéﬁt. 'Hencc benzoic acid
,  exists as dimmer i.e. (CsH;COOH); in benzene. - -
EXAMPLE (17) PR T A OA SR 2 LS iz A '

‘Benzoic acid ' is dis’.tributéd between water and benzene calculate _the -
molar mass of benzoic acid in benzene from the following data:

.| Conc in aq layer (C,) ““
- [(Conc.inbenseanelyer Gy | 10 | 40

“ .-
J
r
P
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w

SOLUTION:

Let us suppose that liquids remain normal in both phases:
Putting values in the formula

G 03 _

1) Oz n 10 o
G _ 06 _

@ ¢ = 30 =015

(111) C, -~ 90" 0.1

Since the ratio .s not constant so, benzoic acid does not exist as single
molecule in benzcne. Suppose that the benzoic acid is associated in benzene.

Formula:

/ +©
KD = ﬁ '
T -
K — T ee—— I B —— I — 0_3
e C, 10 .
C, 0.6
Kp-= /— == = 03
S 4G 40
L C] 0.9

03

v
-
Il
E
I
¢
-
|

- Since ‘\I_C& “comes out to be constant, therefore, benzoic acid gives dimer in
2

benzene. Hence molar mass of benzoic acid in benzene will be twice its
normal mass.

New molar mass in benzenc = 2[CsHsCOOH]
| = 2[6?12+5x1+12+2xl6+1]

= |_44gmol“1| Ans.

8.10.9 Applications of dlStl‘lbllthll law:

There are numerous apphcatlons of distribution law. Thcse applications are
operative in the laboratory as well as in the industry. We are gmng to discuss a few
of them. - | R NEETY
(1) Solvent Extraction: .

- Organic substances present in aqucous: solution can be cxtracted by organic
solvents The aqueous solution of the compound is shaken with an organic

“compound in which the solute is more soluble. Camonly uscd organic solvent in

the laboratory is diethyl ether. Most of the organic substances: passto-the cther

- layer during shaking. When it is allowed to stand, the cthereal layer scparates out

and water layer being heavier gocs down. The lower aquegus layer is run.out. The
cthereal layer is dlstllled and organic compound is separated Fig, (27). |

‘Some of thc organic compound is still present “in the aquécjus laycr

“according to its distribution co-cfficient. By adding another lot of ‘ether, it can be
extracted, and by repeating this | process, more and more organic mmpound can be

transferred to cther and scparation is completed.

%
0 L
-

r

e Tl
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A7 layer it Aq. layer
' extraction
(1) (1I) (110 (IV)
first second
extraction extraction

- Fig. (27) Illustration of multiple extractions.
The given solvent (ether) is used in two successive portions.

Commonly used solvents:

In addition to cther, other solvents which are used for organic extraction from
aqueous layers are hexane, benzene, chloroform, acetone, carbon disulphide etc.
Multiple extractions:

It is known fact that greater the distribution ratio in the favour of organic
solvents, greater will be the amount extracted in any one operation. In order to
recover the maximum amount of the substance from the aqucous solution, the
extraction 1s made in two or morc successive operations and by using small
portions of the solvents.

Multlple extractlon 1S a more efficient process; than doing the extraction in a
- single step.

Examples of multlple extractlon'

Let us have 1000 cm’® of aqueous solutlon contammg ‘X’ grams of organic
substance. Suppose that we use cther as a organic solvent to cxtract organic
compound. Moreover it 1S supposed that, the value of ‘Kp’ is 2. It means that the
solubility of compound in ‘ether is two times more favourable than water. Supoos>.
we have 1000 cm® of ether at our disposal to get the maximum amount of the

organic substance from aqueous solution.
Now let us do the calculations with different posmbnhtxes
(@) Using 1000 cm’ of ether in one lot: |
Suppose ‘H’ gram of the organic substance from total ‘X’ grams, goes to the

ether layer, then the amount of organic compound in the water layer 1s (X - H). So
H ' |

Concentration in ether layer = 1000 & cm”
e T X-H £
Concentration in water layer = —n50" 8. cm

_Dist_ribution coefficient Ky = 2
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It means that 66 % of the substance goes to the
 in the aqueous layer. In other words, we have wasted the
33 % of the organic compound is still to be removed from
ether for that.

(b) Using 500 cm’ of ether in two lots: | |
Now suppose that ‘H;” is the mass of the organic substance which goes to

ether layer and (X — H,), remains in 1000 cm’ of water

ether layer and 33 % 1s still
whole ether in one lot and
water and we need more

_ Ccth:r
"2 Cag
H ,X-H
. = 500/ 1000
]
H]= "2"X
H1= 05X Lk

In other words, 50 % of organic compound has been extracted from aqueous
layer and we have 500 cm’ of ether at our disposal. This 500 cm’ of remaining
ether is able to remove 50 % of the remaining 50 % organic compound from water.
~ So, by using two installments 75 % of organic compound can be extracted.

(c) - Extraction in four instalment:

Similar type of calculations tell us that if we use four instalmetns of ether by
taking 250 cm’ at a time, then 80.2 % organic compound is extracted.

(d) Extraction in five instalments:

_I If we use five instalemtns of ether by taking 200 cm’at a time, then 83.8 %
compound can be extracted. it - 5 3

Is complete extraction possible?

| It is not possible to remove whole of the dissoived;s:ub:%.tal_lcc, how much the
large number of cxtractions may be. '

(2) - Determination of association: .
- Some of the solutes are associated in a-particular solvent. If we know the

distribution co-efficient and the concentration of the solutc in two solvents, then

we can calculate the value of ‘n’ in that particular solvent. .
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If the solute s associated in solvent 1 and the association is ‘n’ time, then
K C]l!n
D= "(':";""
If the compoun i assoclated in phase 2, ‘n’ time, then Kp is
KD — \[TC]
C,"

Benzoic acid is associated in benzene but not in water, so

Coqueoss
(3) Determination of dissociation:

(4) Determination of solubility: ‘
. The solubilities correspond to the concentrat;

- wit . From the above cquation, if we know the solubility
of 10dine 1n water, then solubility in benzene can calculated
(5) Determination of distribution co-efficient of iodine:

lodine is shaken with water and benzene in a bottle.
in two layers. The concentration of iodine in
titration with standard solution of Na,S,0..
concentration of I, in H,0
Kp= ———————2 2~
concentration of I, in benzene

(6) Determination of equilibrium constant of I"5 and I":

In order to understand this process, let us take a solution of KI having

KD =

lodine distributes itself
the: each layer is determined by

concentration ‘a’ in water. This solution is shaken with iodine in a beaker. Then

benzene is added and it is shaken. Diagram (28) is as follows:

» Solvent A (benzene)

Solvent B (water)

I
H
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When the system is allowed to stand, the mixture scparates into two layers
and cquilibrium is cstablished.

(i) The concentration of iodine in two layers i.c. watcr and benzene is
determined by titration by using standard Na;S;0s.

(ii) Supposc the concentration of iodinc in benzenc layer is ‘b’

(iii) Also supposc that the concentration of iodinc in water 1n the form of
- free iodine 'I' and 'l?‘ jon is ‘c’.

We know that,

concentration of I, in watcr (a)
concentration of I, in benzene (b)

Kp =

Concentration of free iodinc in water layer = Ir
Concentration of KI; in water layer = c—Ir

Concentration of K1 in water layer = a—-(c—1Ip)

The cquilibrium constant of following chemical reaction can bc written as

_ _[KL]
Ke = TXI[1)
KC e ol ____C;'IF

- (a_c"TlF)XIF _ |

If we know all the quantitics of oﬁ the R.H.S. of this cquation, then K¢ can
be calculated. A

(7) Distribution indicator:

Iodine is least soluble in H,O. If it is present in H,O, then its existence and
quantity can not be easily judged. For this purpose, we can add a few drops of an
organic solvent, say chloroform or CCl, in the sample of water having iodine. The
bulk of the iodine present in H;O passes into the organic layer and gives intense

violet colour to it. So, the distribution of iodine to greater extent in organic layer
indicates itself.

(8) Partition chromatography: '

Partition chromatography 1s a modemn technique-in which small amounts of
the organic materials are separated from cach other. For this purpose, a pastc is

prepared. This paste is applied at the top of the column of the silica and soaked in
water. Another immiscible solvent mostly organic in naturc is allowed to flow
down the column. In this process, there are two phases, '

(1) ° Stationary liquid phase 1.e. water
(ii) Organic mobile liquid phase. |
Each component of the mixturc is partitioned between the stationary liquid

phase like F;0 and mobile liquid phase..If the mixture has various components
then they ,ai¢ scparated in the order of distribution co-cfficients. That component

-
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which has highest distribution co-cfficicnt is first to move down when the orgapic
phasc moves. In this way, it can be collected scparatcly. That component.which

has lower distribution co-efficient takes more time to comc down and it can be
collected 1n another recciver.

(9) Desilverization of Lead:

Let us have molten lead containing silvcr. Molten zing 1S added to this. Zinc
and lead form the immiscible layers and silver pcts distributed in these two layers.

Silver distributes 300 times greater in zinc ‘at 800°C. It mcans that most of the

si_lvcr leaves lcad. When the zinc layer is cooled, then we get the alloy of silver and
zinc,

The alloy of zinc and silver is distilled in a rctort. Zinc passcs over, lcaving
silver behind. |

o That amount of silver, which is still present in lead is recovered with molten
zin¢ 1n the second installment and so on.

8.11.0 COLLOIDAL SOLUTIONS
8.11.1 Introduction:

- In 1861, Thomas Graham noted that the crystalline subs like sugar,

hicoss, ures g sodiie CHIPEEE whon Tty e e UKE SUEAl,,

gum arabic do not pass mrolmmm
substance as cgystalloia and the other substances as colloid. This word 1s derived
from the word “Kolla” means ‘gluc’ and °‘cidos’ mecans ‘like’. Actually this

diffcrence 1s due to the sizcs of the particlcs.

Colloidal solutions arc also called colloidal dispersions and their sizes arc
mtermediate  between truc solutions and suspensions. The diameters of the

colloidal particles in the solution lic in the range of 10 A° and 2000 A°. Colloidal

solution 1s also called colloidal dispersion or simply colloid. il |

- - Any material in the particle size lying in the colloidal range is said to be in

colloidal statc. -~~~ ¢ %, Ul |

8.11.2 Shapes of colloidal particles: L |
The colloidal particles .may be rod like, disc likc,_ thin films or long

filaments. We“can say that:a system" whosc:onc dimcnsion . length, width or

thickness lies in the range of 10 = 200 A°.is called colloidal dispersion.

8.11.3 Types of colloidal systems: ~ .
Colloidal solution 1s -consisted- of colloidal particles called the dispersed

phase. The phasc in which they are dispersed is called dispersion mediam. Both
thesc phases may be in onc of the physical states i.c. gas, liquid or solid. So, there
are eight types of colloidal solutions. Anyhow, the collcidal dispersion in onc gas
into another gas is not possiblc. The colloidal solutions prepared . In water as
.dispersion media arc called hydrosols or aquasolcs. In case of alcohol and benzenc,
they are called alcosoles and bcnzqsolfzs. o |

A colloidal solution can be si'mE‘ly called as sol.
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Types of sols:
Sols can be divided into tWO classes:

(i) Lyophilic sols
(ii) Lyophobic sols
"Lophilic means solvent loving. The

phase shows a definite afft
protein in water arc some of , sols in which

"Lyopbobi olvent hating. These are those " The di i

yobbobic means s the solvent. € dispersion

dispersed-phase has no attraction for the medium Orles - lyopbobic sols.

of gold, Fe(OH); and sulphur in water are good examp e b bl
Ihe forces of attractions 1N lyophilic sols arc mostly L ydrogen

bonding. ~

8.11.4 Important features of lyoph

(1) Lyophilic sols can be obtained casily
or protein with suitable solvents.

Lyophobic sols can not be prepared so easily. S i
(2) Hydrophilic sols may have little or no charge at all while the particles of

hydrophobic sols carry positive or negative charge. 3
(3) There happens solvation of the colloidal particles in hydmphlllg sols, Ibut not

and lyophobic sols:

ilic _
by mixing certain mat

erials like starch

in hydrophobic. . |
(4) The viscosity of lyophilic soles are usually greater than the pure dispersion
the viscosities do not change.

medium. But in the case of hydrophobic sols _
by high concentration of electrolytcs

(5) Lyophilic sols can be precipitated only
low concentration.

but lyophobic sols are precipitated with
(6) Lyophilic sols are reversible but lyqphobic are irreversible.
(7) Lyophilic sols do not give tyndall effect; but lyophobic sols do give.

(8) When electrical field 1s applicd, then lyophilic sols show little tendency to
move towards the electrodes, but lyophobic sols show greater tendency to do

SO. )
8.12.0 PREPARATION OF SOLS

Lyophilic sols, for example, soaps, detergents, geltin, ‘gum araBic, and stafch
can be prepared by simply dissolving these substances in water.

Lyophobic sols are prcpared by two types of methods:
(i) Condensation methods i -
(ii)  Dispersion methods.

8.12.1 Coﬁldensation methods:

In these methods, the ions and molecules which are originally present in the
true solutions arc converted to insoluble particles of colloidal dimensions by means

of chemical reactions '.
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These methods are as follows:
()  Reductigp.

bl s etals.
o lutions Of. a
elp of this technique, we prepare th(? collOldtﬁl ‘ilci’lute solution of a
colloidal gold or silver by the reduction Ofag; N
salt of the metg] s done with the help of a organic reducing

: . reduction
an be reduced with tannin. Silver sol is prepared by »
of silver carbonate with tannic acid.

: QT 1S DU I OSC,
Sulphur cap pe Prepared by the oxidation of H,S. For this pRip
H,S and S0, are Prepare

. - ith each
d. The two solutions are mixed with ea
other in stoichiomctric amounts

C’ should be miscible with-each other. In
this way. sulphur so] can be prepared by adding a saturated alcoholjc solution of
sulhur to water |
8.12.
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Suspension

Fig. (29) Disc mill to prepare a colloidal solution.
(1) Bredig’s arc method:
This is a sort of clectrodispersion, and the hydrosols of the metals like that

of Ag, Au and Pt, can be prepared. Two metal clectrodes are held close together

beneath deionized water. The temperaturc of water is kept very low and a small
amount of KOH is added. Intense clectric spark is given. Intensc heat of spark
between the clectrodes vapourises some of the metal and these vapours condense
under water. Thesc atoms of the metal present in the vapours aggregate to form the
colloidal particles. Following diagram (30) makes the idea clear.

High frequency

T

Metal clectrodes

- -'_____
-ﬂ_—l—--------

i [
R R BRI RS 1‘1‘5? x ‘3?::1:' e AR

oty
LSRRI A 1-"-."1-‘-&"1"*"’ ]
i,

o

i"’- [ ] L

C W ) & 4

b e e,
R R K R XX XXX X YK LA MRS

Fig. (30) Bredig's arc method
(i1i) Peptization:
‘Peptization is the reverse process of coagulation. It is a direct distintcgration

or dispersion of a substance into particles of colloidal siz¢ by using peptizing
agent. | '

Most of the hydrophilic substances such as glue, gum and gclaﬁn are
peptized by water. Water acts as a peptizing agents. =

AgCl can be converted into sol by adding HC]. Similarly, Fe(OH), .cml give
a sol by adding Fe" ion. ' |

oo
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5.12.3 Purification of sols:

Whenever the sols are prepared, the
als0 prcscnt. In order to purify ’
Mostly there arc following three

(i) Dialysis

(i) Electrodialysis

(iif) Ultrafilteration
(i) Dialysis:

As we have stated earljer that

through the membranc but ¢ofjq; the particles of the two solutions can pass
giffuse very slowly due to the: o1dal Particles are retained. Colloidal particles

b eir large sizes. The im ortant '
purpose may be parchment paper. ¢ P membrane used for this

acetate. cllophanc, Cellulosc' nitratc and cellulose

n some 1onic or molccular substances arc

the sols, these clectrolytes have to be removed.
methods for thig purpose:

The arrangement is cops;

St T
with the membranc and ofh cd of cylindrical vessel

Cr 1S open for

process. Fig. (31) diagram is shown below to understand the

Sol and iong

ARRRRRRERRNRRE
AERRRARERRRRRE
ARRRNNERRRRRRE
ARRRRRNRRRRERN

Inlet for water

® Celloidal particles
. ® jons
| Fig. (31) Working of a Dialyser.
() Electrodialysis;

In this method, the dialysis is carried out under the influence of electrical
ﬁcld.a Th? two cnds of the dialyser are covered with the membrane. The colloidal
solution is placed in drum shaped vessel which is suspended in distilled water.
Two electrodes arc supplied as shown. The ions of the electrolytes move towards
the oppositcly charged clectrodes. In this way, they arc taken away by distilled
water. Anyhow, the non-electrolytic impurity like urea and sugar arc not removed.
Following arrangement (32) makes the idea clear. '
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Fig. (32) Working of a electrodialyser
(iii) UMtrafilteration:

It is a separation of sol particles from the
filteration through an ultrafilter.

We know that the sol pdsses through an ordinary paper due to the big sizes

of the pores of the filter paper. But, if the filter paper 1S impregnated with colloid

ion or a regencrated cellulose, then the pore sizes of the filter papers arc fnuc-h
reduced. This type of modified filter paper 1s called an ultrafilter. lﬂtfaflteratmn 1S
a slow process. If we use the graded ultrafilters, then the technique of ultra

filteration can be supplied to separate the sol particles of different sizes.
8.12.4 Tyndall cone effect;

liquid medium and clectrolytes by

This is one of the optical properties of sols. When a strong beam of light 1S
passed through a sol, and viewed at right angles, then the path of light shows up in
the form of hazzy beam, or cone. The reason is that the sol particles absorb the
light energy and the emit it in all directions in space. This is the scattering of light.
It illuminate the path of the beam.

If the particles are of colloidal size, then we do not see the particles
themselves. The path of light through the colloid which is made visible as a result
of light scattering, is called the tyndall beam or Faraday tyndall cone. This light

scattering depend upon three factors. ey

(1) Wavelength of the light used

(ii) Difference in the refractive index between the particles aﬁd the
surrounding medium. -

(iii) Size and configuration of the particles.

True solutions donot show the tyndall effect. However, this effect can be

observed when the light has to pass through the solutions of particles of very small
size having a thick layer of molecules. Diagram (33) shows tyndall cone effect
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3.12.5 Applications of Tyndall cone effect:

The blue of the sky and the red of the sunset is a sort of Tyndall cone effect.
Actually, ti small sized particles of oxygen and nitrogen  scatter the shorter
,Wavclengtli more effectively than longer wavelengths. If theré were no scattering,
the light would reach us only by dircct transmission from the sun or by reflection

from the surfaces. Hence, the sky would appear as dark in day time as at night, and
" the sun would act as a huge spot of light during the day.

8.12.6 Electrophoresis:

- It is a movement of clectrically charged colloidal particles under the
influence of applied clectrical field.

In order to étudy; the clectroﬁhoretic effect, we consider the following
arrangement Fig. (34). It is a U-shaped tube fitted with a stop cock for drainage.
The funnel shaped filling tube is attached. First of all some quantity of distilled

water is placed in a tube. Then the sol is introduced through the funnel. In this
way, water is displaced upwards. Sharp boundaries are produced in the two arms.
Electrodes are introduécd in the two side arms and connected to a source of

~ potential. If the colloidal particles are positively charged, the level of the sol falls
gradually on the anode side, and rises on cathode side.

During the probéss of electrophensis, the sol particles reach the Tespective
Clectrodes and after getting discharged, they are precipitated. The phenomcnon of
lectrophosis i explained in the Fig. (34). |

.
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Colloidal solution
Cathode

Coagulated
sol. particles

Migrating <
sol. particles

Fig. (34) Electrophoresis

The phenomenon of electrophoresis can be used to determine the sign of the
charge on the colloidal particles. We can also measure the rate of traveling of
colloidal particles. Since, different colloidal species in a mixture travel at diffcrent
rates, SO sepération can be performed by this method. So electrophoresis is used
extensively for the fractionation and analysis of proteins, nucleic acids,

polysacchrides and other complex substances of biological interests.
8.12.7 Electro-osmosis

This process is just the reverse of electrophoresis. In this process, the liquid
moves through a fixed porous material. '

Following arrangement Fig. (35) can help us to understand the process. A
U-shaped tube is fitted with a porous material ‘M. This porous material may be
wool or a porous clay diaphragm. The electrical current is set up across the
electrode. The dispersion medium moves towards- the other electrode. This
phenomenon of electro-osmosis is used tcchnicaliy in- the removal of water from
moist clay and for drying the pastes. Look: at of the following. diagram _(35) 10
understand it. - '
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_ Anode Cathode

| Fig. B35) Arrangement Jor electro
8.12.8 Streaming Potential:

-0SMOosis.

~ will be no current. But if water

1s indicated in a galvanometer. It can be noted very casily

1S produced is proportional to the pressure, The potential
streaming potential | |

that the potential which
s0 developed is called

8.-12.9 Sedimentation.Potential or Dorn effect: .

The word sedimentation phenomenon can be
observed, if the particles are forced to move in a resting liquid. This can be dong
by gravitational force. The potential so produced is known as sedimentation
potential. This is also called “Dorn effect” -

means scttling down. This

- This process is just the reversc of clectrophoresis,

~ 8.13.0 MACROMOLECULES

There are certain substances which are themselves

molecules and dissolve in a solvent to give colloidal solution directly. Such giapt
molecules are called macromolecules. The dimensions of th.c macromo.lcculc lie in
the range of 10 — 1000 A°. The best cxamples arc gelatin, synthetic pnlyr;ller,
synthetic rubbers, cellulose and starch. The solutions of ‘macromolccules cllJff: havc
like a reversible colloid and are lyphilic sols. They have high viscosities and show

a weak tyndall effect. Anyhow, they donot carry an electrical charge and donot
show electrophoresis.

composed of giant

2
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8.13.1 Emulsion:

L] . SI
"Those colloidal solutions in which the dfspe::.-s;ed phase as well g the
' .
dispersion medium are liquids are known as emulsion

Depending upon the fact that which type of liquid _is dispersion phase ang
the other is dispersion mcdjum’fhcrc arc two types of emulsions.

]
*

(1)  Oil in water emulsion:

Those emulsions in which oil is a dispersed phase, and water is a dispersigp,
medium. Milk is one of the best examples in which liquid fat is dispersed in water

(1)  Water in oil emulsion: o
Those emulsions in which water 1s the dispersec! phase and oil ig the

dispersion medium. Butter and cod liver oil are such emulsions.

8.13.2 Emulsification:.

: . - . . 2 4
"The process of producing an emulsion is called emulsification.
Preparation of emulsion:

Two immiscible liquids are shaken together e.g., if we shake oll or benzene
with water the oily liquid can be dispersed in droplets but emulsion is not stable,
The droplets quickly recombine and the two liquids separate into two

» an emulsifying agent is added.

lowering the interfacial
tension. It prevents them from coagulating. The function of emulsifiers is to act as
4 protective layer around the oil droplets of emulsion. In this way, its stability
Increases. |

1.  Dye test:

If the emulsion is hé'atcd with the oj]
colour of the dye, then jt ; In oil err

the colour of the dye, then it will be o] In
2.  Conductance method:

yte in emulsion. If the conductance increases,

If there is no appreciable change i
11" type emulsion * - TIAGHEC '
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8.13.4 Structure of emulsjon particles:

Emulsion is produced by mixing two immiscible liquids and an emulsif)_!mg
agent. The emulsifying agent is 0.5 to 5 7. In order to understand it, let us consider
an emulsion 1n which soap 1s used as an emulsifier in "oil in water" emulsion. The
hydrocarbon part of soap molecyle will be attracted by the oil and the polar heads
will be directed into water as shown in Fig, (36).

In this way, the droplets of ol will be protected from coalescence by a
protective layer of emulsifier. The droplets whose surfaces are covered with soap
molecules are however electrically charged by the ionized carboxyiic group of the

ey, W thua way droplets of oil repel each other before they collide and so the
emulsion is stabilized -

8.13.5 Factors for the stability of emulsjop:

Stability of emulsion depends on following factors:
(1)  Thickness of the protective film,

(1) Compactness of the protective film,

(1) Electrical charge on the droplet or the film.
(tv) Viscosity of dispersed medium, -

(v) _Density difference between two liquids.

Emulsifier

cen T Polar part
Hydrocarbon part

|

| Fig. (36) Role of emulsifier |
8.13.6 Demu'l'_siﬁcht'inn: i o _ ~
The process of breaking emulsion to yield the constituent liquids is- called:
demulsification. i | "
Following techniques can be used
() Heating |
(1) Centrifuging - e _
(i) Adding large amount of electrolytes to precipitate out the dispersed
phase. Separation of cream from milk is-an example ‘of demulsification
by means of centrifugation. -

8.14.0 MISCELLES |

Certain strong electrolytes give a normal solution at Iqty:_:*conccntr‘ation but
show colloidal nature at high concentration. These substances may also be called
miscelles or they may be referred as ‘associated colloids. i

™

L

L i
[
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Soap is one of the best examples of miscelle. Actually such sul:?stances are
surface active. They consists of lyophilic as well as lyophobic parts n the same
molecule. Soap is the Na or K salt of long chain carboxylic acids. The long
hydrocarbon chain acts as a lyophobic while the 1onic group which is carboxylic in
nature serves as lyophilic. Miscelle may contain as many as hundreds of
molecules.

in miscelle formation, hydrocarbon chains point to.the center, lcavi_ng the
polar carboxylic group on the outer surface as shown in the follomg diagram
(36). This polar outer surface is in contact with water. This miscelle 1s solvalcd_ by
large number of water molecules. The miscelle has usually size of coll_mdal
particle. Since it is charged, so it is a colloidal ion and the parent substance is the
colloidal electrolyte. Miscelle attracts a large number of Na and K 10ns all over its

iy
A

(a) Lamellar micelle . - (b) Spherical micelle
Fig. (36 ) Micelle formation (They actually exist in three dimensions)
Detergents are similar to soap and so form the micelles.

~ 8.15.0 GELS AND JELLIES

"Jellie is a common name for.gel and they are semi-rigid sols consisting of
two components in which one is a solid and other is a liquid."

Table jellies are prepared from gelatin. Fruit jellics like jams contain the so
called pectins. Pectins are soluble gum like carbohydrates.

8,15.1 Classification of gels:

N Gels may be classified as:
- (1) Elastic gels.

(1) Rigid or non-elastic gels.
(iii) Thioxotropic gels. "N o
The best examples of elastic il

. _ gels are those whichare produced from sols of
. gelatin, agar, starch, jams, jellics and many kinds of puddings_p e

Silica gel is a non-elastic ; 5. ] | |
metal oxides are non-clastic gcls_gc" Many of the metallic hydroxides and hy Mcd
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Reversible isothermal sol gel transformation is found In ccrtain_ sols such as
colloidal tron oxide and aluminium. If these are allowed to stand pndlsturbcd, thgn
o] formation takes placc and 1f the resulting gel is shaken.sol is reformerd. This

eversible sol gel transformation is known as thioxotropy. This is very important In

pail'ltﬁ.
8.16.0 IMPORTANCE OF COLLOIDS

Many of the substances can cxist in colloidal statc. All the ficlds of
chemistry are related with colloidal chemistry by one way or the other:

1. All living tissues are colloidal in naturc so the complex chemical
reactions which arc necessary to lifc must be interpreted in terms of
colloidal chemistry. |

2.  The phenomenon of adsorption, dialysis and coagulation arc important

-~ in preparative chemistry and analytical chemistry e.g. co-precipitation,

washing of precipitate, filtration and chromatographic analysis arc
studied in analytical chemistry. |

3. Colloidal science is important in manufacturc of paints, plastics,

textiles, photographic paper and films, glues; inks, cements, ceramics,
rubber, leather, lubricants, soaps and synthetic detergent. |

4. Items like agricultural sprays, insecticides, acrosols, gels and jellies,
butter, cheese, salad and adhesives involve the colloidal chemistry.

. 5. Some important processes like printing, bleaching, decolorizing,
tanning, dying and the separation of pulverized ores involve the
colloidal chemical aspect. Colloidal cheristry finds 1mportant
applications to biology and medicine e.g. blood and protoplasm are
‘complex colloidal solutions. Skin, muscles and many different tissucs
are gels with peculiar structure. R B

6.. The coagulation of colloidal solutions 1s a vcrjf important
phenomenon. This fact is applied in nature to a numbcr of techmcal
problems which are as follows.

(i) Purification of drinking water: | |
Ordinary water contains suspended impuritics. The particles of impuritics
are of colloidal size, and they don't settle down due to similar charges on them.

When potash alum is added, then AI® jons neutralize the charge on colloidal
particle. In this way, they settle down and the water becomes fit for drinking. |

(i) Medicines: | |

Many medicines are being produced in the form of soles. Such medicines
are more affective because they have greater assimilation and adsorption qualities.
() Pollution control: -

Smoke is a colloidal solution of carbon particles in air. Carbon particles can
be coagulated by.using thc conductor ncar the exist of chimncy. In this way,
carbon particles settlc down and thc carbonless fumcs or air comcs out of
chimneys. This design is known as Cottrell dust precipitation.

-.-'l‘.-- & +




468 ' Physical Chemistry
e o I e S T TSN ST S P I il s o i 8
(iv)  Photography: |

The photographic film contains the colloidal solution of silver bromide in
gelatin. This film can be obtained on a glass plate by depositing a mixture of silver

bromide and gelatin.

-

(v) Sewage disposal:

The sewage dlsposal carries dirt particles suspended in water. Sewage water
is allowed to come in contact with an electrode of opposite charge in a big tank. In

this way, dust particles are precipitated and separated. These particles can act as
manure.

(vi) Tanning:

. Both hides and skins are gel structure containing proteins in the colloidal
form. We can tan hides to leather by using common salt. Anyhow, in general

practice, the precipitation is done by means of alum, chromium salt or by tans from
bark of trees.

(vii) Curd formation:

When milk sours, then bactena form lactic acid form mllk sugar. This acid
changes the colloidal casein into.curd.

(viii)) Delta formation:

Delta is formed at a place where the river enters the sea. Actually, sea water
- 1s rich in minerals, while river contains colloidal particles of clay. When the two
waters meet then clay is coagulated. This clay 1S fe.rtlle and is known as delta.

(ix) Natural rubber:

Natural rubber is obtained from secretion of certain trees as an emulsion of
negatively charged particles in water called latex. This latex is changed lntc rubber
by means of dilute acetic acid or by smoke. It is shghtly acidic.

(x) Blue colour of sky:

Colloidal particles of dust in atmospherc only scattcr blue hght and absorb
- rest of the light. Hence blue light reaches us and sky seems to be blue.

(xi) Chemical warfare:

“ Smoke and mist screens are formed by the explosion of bombs. They are
harmful to humans. So we have to wear the gas masks. These masks contain

colloidal  charcoal, so the dangerous smoke and mist partlcles are prempltated
down and thc human life is saved.

o i S — n—_——— o
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