8.5.0 COLLIGATIVE PROPERTIES
OF DILUTE SOLUTIONS

1
"]

The properties of the solutions which de .
called coligative properties (Ust #° ;&1L UrL-72zbaor). These are the properties of SO'UYIQ:::

IR —
of the pure substances. |
There are four colligative properties.
s-(?) Lowering of vapour pressure (tﬁ/ Kilby =)
A2)  Elevation of boiling point (. ¢B.P)
(3) Depression of freezing point (tn/ «F P)
(4) Osmotic pressure. (i,:5#) ;
Actually, all the colligative properties are developed (L2} 4.) due o the lowering of ya
pressure. All these properties are obeyed ( kL), when the following conditions are safisfieg:
(i)  Solution is dilute (n,fjmt) . ,
(i) Solute is non-volatile (1 2 3L-T)
(iiiy Solute is non-electrolyte (.5 Lot
L )J4-€_u:"' J £z el Sl LAY s -z colligative propertyt/”'e il Ll 2
-uj&l'u:g/)[_.:,u»ulF.P/.oiB.P.J/f;-L,g.:,G) r_-"gb/u:",-:(/\TJ_)JLfF.P»"( \T,) e8P
A Now, let us discuss these, properties one by one - N |
8.5.1 Lowering in Vapour Pressure: .
We have already mentioned different statements (;_-,tg.) of Raoult's law/When a non-voik
(10 s =S de U2 = 1.45), non-electrolyte (s z—s S 2 /5, S ) solute is dissolved in volatie sOvet
then according to Raoult's law, the relative lowering of vapour pressure (¢ - V.P) is equal 01

fraction of the solute
AP
po © XJ P Bt Sl pan il .. (1)

AP

"

Lowering of vapour pressing

P® = Vapour pressure of pure solvent -
Xa = Mole fraction of solute. o 0
The mole fraction of solute depends upon the ny and thé
. mber of moles of solute ()
number of moles of solution. The mole fraction of solventis X; and that of solute is %, o
Bhee, Nk —2- s, L
' R n1 + n2 ...... (2)
AR N
SO, Po i Ny +n; (3)

Number of moles of any substance is the ratio of mass of the substance to ifs M0 ass
m 2 JMaSS of SO'Vent --m—_.___ P2

e T il \

s, WS e Molar-mass of solvent
W,  Mass of solute

N = =
* 7 My~ Molar mass of solute

AP Wo/M i
- 3 et N
0, p° WM+ WM, (4 )
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W by considering that thg solution is very dilute and hence 'n,' can be

R | | 5

o = My x Wi -0
j[p‘(d/&h&;{rdb/fufgw’-g_(jb[,/CUI/‘"°/h2¢,ﬁg5)al'L‘

‘l .;'uqc..l'.f500¢4ﬂ¢f')’b'xﬂ_§, 'f’ 0,1,:.‘5"([)2,171,1‘314‘{L5¢_V’f{: J{J‘.» 0.15%
e help of this equation (5), we can calculate@gfar mass ‘M.’ of the soluf@which is non-

ie

_'v'l-;iour pressure as a colligative property:

e the understanding of this fact, el us consider three solutions having_6 gram
and 34.2 g of sucrose in\{000 g of watecin separate vessels. ? %ese
these three

file and non-electrolyte. From the given quantities it is clear that, 2l
of Avogadro’s number of particies of

1 molal each. In each solution, there are 35
every solution has 6.02 x 102 particles of solutes. |

that, all the three solutions have same lowering of vapour pressure'(‘;tP).
Aol g of vapour pressure Is a colligative property. In other words lowering »of
Pl is indanendina of the nature of solute the weather it is urea, giucese O

£ —mbivebin
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Solution Solvent Weighed CaCl, Tubes

_ Fig. (8.12) Walker's and Ostwold's method for measu
r
i3 lowering of vapour pressure. e

ELEVATION IN BOILING POITNS (1)1 ¢ 0 )
- (Ebullioscopy) (FséU'249)

s we have mentioned earlier, that the vapour pressures of solution containing non-volatile
e always lower than those of pure solvents at afConstant lemperatura It mearfs that the
BSsur - of solution will neverbecome equal o pure solvent at any temperature

The elevation (=2 Jji/r) of the boiling point of solution depends upon the solvent and

o of solutien. It is independent of the nature of the solute for dilute solutions. B

| Representation: o - '

vation of the boiling point can be understood by plotting a graph between temperature

e. The graphs of the solvent and the solution are as shown in the following diagram
|  vapour pressures of the solutions are always lower than the vapour pressures of pure
at all temperatures, so the graph ‘CD' for the solution is lower than the graph ‘AB’ for-the

B(B.P. of solvent)

.r. --1mh“‘ - R T TR TR R R R f----ﬂl)(nl’ of solution)
. 5 ‘A

L AT, =1 "
(clevation ol B.I)

Samre t } } : { 7 l
o = a -:-',. ""w L e— TUII\DC!'mUrc T T
e boiling point

ﬁ.h&.hnpm.l representation of elava\fi(;";: Solution will boil at the external
o a e . 90

at T, .when the external pressurt :
> 'T' Hence 'ATy is the elevation of bomng point

: - jvent
ssure of solution at the boiling paint of pUre ST
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Mathematical treatment: _ ,
in chemical thermodynamics (V77 Jud), there is well known mathery, 3
know as Clausius — Clapeyron equation,
Py _AH [ ey 5 (1)
’np‘ . R T'sz P
: : i iqui 'P4" at temperatyre 7.
this equation, a fiquid has a vapour pressure 'Pi’ at temperature 17
pressu,e’fﬁﬁﬁ'?fﬂ::emmﬁ T, (Here 'In" stands for natural log whose base is ¢), | ;{:’;‘; ;‘a ‘.
equation to the above graph, then we can say that, j
po AH, [T-=T il 2)
o Ny o »
P K O

(_nguiLb{n‘.’.’.U':':"/&Z/)UQ{!';B'P“;'idLJ’/“g-’z‘:-"-"‘J'ft!AH\/)

AH, = Heat of vaf;ourization of the solvent. If the solution is dilute, the "AH," is moly hegy

. Jnorization of pure solvent.
By rearranging the above equation, i.e., inverting the P and P°, and putting T -T°= 4T,
L A -
-n pe g TT® '

Since, the solution is dilute,
" Hence, Ta T
Seblo oL 4 2TOB TS LE e T A e mﬂ’ €1 3Ll EB.P st St K 16 2y )

(- b/ Jr 72 L

So, TT® =~ T°2
1§ ' 0 AH, [ ATy
iy e g [ _T°—2] """ ®
i Now, let us substitute the vapour pressure 'P' and ‘P°' by mole fraction of the soluion 15
can bed . by applying the Raoult's law.
ince, r; = P°X; | (according to Raoult's law)
So, po = Xi
As, X4 s =4
So, ! Xy = ““Xg
Hence, po = 1-X

(- bs6 ) ) e . P
A ?’ t( u LRaouuiLdl/J{'%L)JJ{}JYK&X}*’J;“’E""-)

. P
Putting values of — i ‘ i
g values of 5o in equation (3) in terms of mole fraction of solute

~ Since, the solution is lute, the S, becﬂ”‘es
all and can be ignored. — = value of X, in the form of squares and cubes*
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er F’ _heat of vapourization of the quent and mole fraction of the

R o

collection of constant quantities, so, we can say that 'AT,'is proporiional o

_' lution 'ny’ can be ignored in the denominator, L '

=9 : 4 ) o™ / <
B L N Aennnk]
'is the number of moles of solvent for 1000 grams of solvents, then 'n’ wil

) circumstances,

B . ; g / -
AL (S dls S

), = 0. J;{.r:ws’o)J/I.-,ZJXZMJJ/J'»"/"'/0-1Lf?ﬂOJm

| o dpgl S
___QL_ . =J.QQ—Q‘= 56 .-J.’N"LU‘-.—/"" v
Xo=sg+01 % M _18 |

"L J_yr.__’an2’}#-rLMJ’)O1J£ru¢
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-n1/3|AHV¢T°L:‘g-§—J//V;' ‘e:’b‘J"’é JKbd =i Ofl ..‘/Jf R

e . : -.’? o b & ’.../. \-’b-_‘
Ky is called molal boiling point constant (<t Jh‘.& 2L BPLy . P
- - ' ili int when one m - e
or ebullioscopic constant. Ks is the Elevatlo_n of boiling point ! e mole of §_0|_u:tef

a S diggy,
1000 grams of solvent. 30
g
Hence AT R (10)
ATp o« M

It means that elevation of boiling point is directly proportional to t.he molalt
We should be able to draw the following conclusions (U (- /.,.J‘Ju? &) from equation
(i Elevation of boiling point is directly proportional to the molality of the sojygi,
(ii) The value of the Ks is independent of the nature and concentration of gy,
i)  The observed (= &7 bk Y ouls+) and calculated (= Siils 8 _Lo) ya,
should agree with each other) | ‘
16.2 Calculation of Molar Masses From Elevation of Boiling Points:

If we put the value of molality in equation (10) from the basic definition of molality, ie
: Mass of the solute (W,) 1
Molality (m)

~ Molar mass of the solute (M,) ™

y of S0l

\A)
[ VV4

Mass of the solvent in kg. | 7555
) —m i 1
™= M. * W,71000
1000 W,
™= We R 4 ... (11)
Substituting equation (11) in (10)

AszKb(moowg)

Wi x M;
Rearranging
or M, = Ko (1000 W,
ATy B (12)

The molar mas : | ol
s of non-volatile no om €que
n-electrol ated from €4
w the mass of solute W yte solute can be calcul

W yalue &
- Z'mass Of s U ] . d f\f' \«3
solvens The soluion should be dilte o e iy 010 2100 Of BP. AT 21

bl

jon !
N
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8 7.0 DEPRESSION IN FREEZING POINT W s 5
(CRYOSCOPY) (Fedild L)

Freezing point of the solution is the temperature at whicﬂ@e Solutio% ‘
freezing point of the solution is always less than thyy - g

the solid solvent. Moreover, the . xS, |
solvent (et A S A L Sl). This is again-due to the lowering of vapg e,

of solution. i
874 Graphical representation: |
In order to have a through (J’( ) understanding, let us plot a graph between temperaty, N

axis and vapour pressure on y-axis. The curve;?_g_ig for the .quuid solvepi and T° is tlm
of pure solvent (LZ1 L5, =/ ) corresponding to the point ’B,‘/ If the solvent is cooled further,m
change of vapour pressure with temperature is given by the c.urve*{\mB It means that the ratey
chanae of vapour pressure with respect to temperature is very sharp for the solid solvent,
‘AB' curve Is also called sublimation curve (LB INR 6 Jj ) the solvent. At the freezing point dffe
pure soivent ‘T,°" the solid and the liquid phases are in equilibriurn and the solventin the both phase
has same vapour pressure “P°". |

When a solute is dissolved in the solvent to form a dilute solution, the vapour pressu
become less than the pure solvent. To find the new state of equilibrium between the solution
the pure solid solvent, the temperature must be known at which the vapour pressure of the solufo
becomes equal to the solid solvent. This is indicated by the point ‘F' in the graph. The tempert
corresponding to point F"is the freezing point of solution #While the solution is freezing, itis assumel
that only the pure solvent separates out./In other words, solute does not dissolve in e sol
solvent and has no effect on the vapou/ pressure of the solution. The grapf is plotted s Un d

W60 G s T, al whoh VP 9 Lo Slaie becor?

Y

LY
>

L
-
vy
O
&
L]
p=
2
:g [ pure solvent (sohd)
d -VI’
oo\ T
X | 1
5 A > | | ;
YTf@"'li%%\
Fi9¢(8 16) S ) —> Temperature
. . - (6.16) Study of Depress;i _
~ Thedepression of freezing point is PIIWOR §IIFP. af & olution.

= TP - Tp
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tion:
e (ake me help of Claysius — Clapyer.on 'equation, which relates (.} JEe ) e vapour
of e liquids with the temperatures of liquids.

e P V-P.of pure liquid and Eghd solvent at F.P. of pure solvent
V.P. of solid solvent and solution at temp. 'T¢’

- = by .y
pe = V.P.of pure Super cooled hqmd at 'Te' %77 /2 /y /L 5_" / 5
inorder to apply Clausius — Clapeyron equation, we have the following pn/) sal (,,.,) M,

S_AHv[Tf __T'S] ,
mps =R | TeTe )| (1)

AH, = Heat of vapourization of the pure solvent
The point ‘F' and ‘B’ lie on the same sublimation curve, so they must be given by the following

AHs { T,° s T,s] Al Y¢- b\'\v z /SHZ}

B

B R [ TrTel T 7 T ) | o
Here, AH; = Heat of sublimation Qui kg LSSt ’/Lfc.u)’/g)//’d/,;'(__«-/,r‘%‘)
it soli solvent N /7/95 L f /o

AL S
) == [ 5] o 0ot in e Lo

Keep itin mind that, during subtraction of equatiopr ) and '(2), we have put . _L by, /:

AH; - AH, = AH; (Heat of fusion) 2P
Equation (3), relates the vapour pressure of the. solid solvent
e liquid solvent at temperature ‘T;". Equation (3) also relates the vapour pressure
pure i solvent at temperature ‘Tr°". <ure of the
Now let us apply ‘t)he Raoult's law to equation (3) and convert the vapour pres

Raoult's law
the mole factions of tt_))e com onents Accordmg to first definition.of

to the vapour pressure of the
of solution to that

P o
. Po i
Silce, “X,+X, = 1 Xi = 1-X
! '
SU, Po = 1—“X2
~ The
- ®Quation (3) is converted mto
. AH[ T EJ ...... (4)
( i R [ Te T
thee”‘Pansmn of the L.H.S.
X2 X23

X)= X + a1 = T s of ' X2

lu’uon is dilute, so the value of X2
they become negligitle.

B x — X,

:  Converted into

R - AH; [ 1 — Tfs:l
B TR | TeTe “
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b AT}, weight of the solute ¥, ahd weight of the solyen

q
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o

Since, Tp"T; :rf: : [T\;I; (solution is VETY dilute)
{ é’H—! L_\’Ti

Hence, X = R 'ch

Rearranging (&2« /=< £_) the above equation

R N e s
o - [ (5)
Since X; = '%’ and the solution is dilute, ‘n2’ can be ignored in the denominarm
: ng+tm
nz
X2 =

| the solution is taken in such @ way that weight of the solvent is 1000 grams, then y,
becomes the molalig of solution. Equation (5) becomes,

1 - B 6
AT'—[AHf.me ( )
All the factors within the brackets of equation (6) are constants and they depend upon tie

nature of the solvent. ‘ ‘ |
Let us put this collection of constants as K¢, which is the molal freezing point constant of the

D eonsiznt 4 T

. RTZ
T el e o (7)

e

) (-‘L(}LL‘;’/‘:H1/5’AHf‘TfO;f‘EJ K' '
Hence, equation (6) can be written as
Alrs¥xml . . o eesees (8)

o Eq:lagon (821, is very useful in the sense that, we come to know that the depression of
ronly depends upon the molality of solutions. So, AT; is a colligative pF
inati i operty.
8.7.2  Determination of Molecular Weight of Solute:' g

Equation (8), can be1 Om(;)(;]i\j”:/ed by putting the value of molality ‘m’
ol g

Hence equation (8) becomes, s b

1000 W
AT, = 1 RIS VAN
; K‘ i W‘l x |V|2

freezind

Rearranging this equation

_ K 1000 W
ML | 1SR
! AT[ P ( W1 3 )

—

If we e 'K o
i -ﬁ' value i the solvent Table (8.4), depression of freezing point (f jo:
t'Wy', then we can calculate the molar mas?

non-volatile, non-electrolyte solute.
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When a solution is separated from its solvents by awhare T
then the solvent flows to the solution side through the membrane.

“This flow of the solvent from higher solvent concentration |,
concentration is called osmosis”.
8.8.1 What is Semipermeable Membrane: . ‘

A semipermeable membrane is a thin layer (-7 J__') which permits the Passagy
one type of molecules, generally the solvents. ’
Examples: "
()  Parchment (J’-( )

(i) Fish bladder (=c§%)

(ii) - Lining of egg shell (¥ (Y ci-(e 1)

(iv) Cellophane (b7 6Btk 362 sl L ort 2o i)

A semipermeable membrane acts as sieve (u*“{ ) in the study of osmosis.
8.8.2 Experimental Study of Osmosis:

Nolletjwas the person who did first experiént On 0SMosis (.4 i) fn@A g
arrangement js that a piece of parchment is tightly stretched (1srloxL £ ") across the belly ()0
thistle funnel as shown in the following diagram. Fig. (8.18)

lo
Wer

Final level

Initial level >

Sugar
sclution

H /Semi-\ s::: ;5'::::::

permeable Wi:::j:if::i::

:i:{ Mmembrane [F:N:7:KG:::
| S TR SR T
e~ water —>fi:::1 _J

(b)

(a)

Fig. (8.18) Process of ;
The funnel is filled in a concentrated solyti s

of vl
The level of the liquid in thistle funnel rises and th =U9ar and it is placed in a

. en st e hnin hoi
8.8.3 Reason for the Rise of Liquid’ColummSPf after attaining certain height

When the semipermeabje membrane is between the solution and the solvent t

I
e s
molecules bombard (U-’LJLL[;) the me wa“y ff

mbrane and set up 5 pressure (L2 /1 4tk A nf

molecules of the solvent flow fro
: o b°"‘» sides, but the net bombardfeRtof the solvent molecules i

<? ‘ the
~ pressure (3L»¥0L) on the other side of membrane s o '
.~ - = IS equal to osmoi
| ﬁman;\/ Smotic pressure. ; p
0

] . : I
"Osmotic pressure is the excess pressyre whi Juti
chm the SO 4!
in order to check the flow of the solvent Mmolecules toward‘;s:hbe exen:ed v de whefl ot
separated by semipermeable membrane.” e aih,
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