UNIT. 5
DILUTE SOLUTIONS

A solution is a hom

0 : :

uniform properties throy gI‘;I“’"?-Bus Mixture of two or more substances having
added to water, it gets (gﬁso'"- When a lump of sugar or sodium chloride is
mixture. persed throughout water giving a homogencous

The substances makin :
. AKINg up a solution .
If the solution contains only arc called components of the solution.

; WO components, the solution is called a bin
tution. Iria b - cnts, solution 1s ca ary
zﬁd e aoiz\mary solul:g-n the component present in excess is called solvent
: poncnt presentin excessiscalled solvent and the componcnt present
in smaller amount is called

solution. Sodium chloride solution contains two

components, viz sod_iurn ghloridc and water. Sodium chlorideis the solution and
water 1s the solvent in this solution.

Since there are three states of matter (gascous, liquid and solid), there can be
| six possible different binary solutions depending on the physical state of the
components: gas-gas, gas-liquid, liquid-liquid, liquid-solid, solid-gas and solid-
solid. -

When the amount of solute present in a solution is relatively small, the
solution is said to be dilute. When the amount of solute present in a solution is
relatively large, the solution is said to be concentrated. The above descriptions
., are qualitative. It is nccessary to indicate the composition of any solution in

terms of the amount of solute dissolved in definite amount of solvent or solution,
generally called concentration.

Methods of expressing concentrations of solutions:

The concentration of any solution is expressed in any one of the following

units: : o .
; - Iti ight of solute in grams presentin

(1) Weight percent: Ttisdefinedasthe weightol .
g]“:]ms 0% sofu[ign, A 10% solution of sugarcontains 10 gof sugarin IDQ.g of the
e . ed as the number of units of volume of 1' te
2 cent: Itis defined as f:nu ! solu
Lris;f:tl?ﬁ(fg :nits of volume of solution. A 10% solution of ethyl alcohol
contains 10 cm? of alcohol in 100 cm? of the solution,

*

(3) Parts per million (ppm): The concentration of a solute in asolution in terms
_~of parts per million is given by.the equation,
. 5. :
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solute
= Mlhﬁ - x 105
pPM = mass of the s.]clﬂuuond P
.- is gencrally used for the solyy;
.« unit of concentration 1 g liong Whep

mall quantity. P -
. i d as the number of moles of
_ - (M) Tuis dcﬁnc. solute g
24:;11;:"0(11?3 of solution at a EWEHJIEH}P;THU{T& The molarity o ’Sf;}lmt
presented by M. L1 cxprl:SSCd by "-" ollowing equation; Uy,
M = v .
of moles of solute and V is the volume ofsolugr

{ the solute is calculated by dividing the magg ingrmnj,?ﬁ'
i "‘J

g,

resent in very 5

Here, n, isthe number
The number of moles 0
W,

1). Thcrcfﬂre, M = E\T 2 Mﬁlmil}' is Cxp‘rcwh
. - 1 M used for mol :
{ of mol per dm* or mol dm™. The symbo arties inlyy
:;:3:;; uni[_rfk 02 M solution of glucose represents a solution of -Ul,mutch:f

glucose present in 1 dm? of solution. .
(5) Molality: (m) 1tis defined as the number of moles of solute dissolvegiy;

kg (1000 g) of solvent. The molality of the solution is represented by m,
n;

m =—-
w

l - "
where n, is the number of moles of solute and w, is the mass of the solventic
kilogram. W,

by its molar mass M

m = ————
M, x w,
If w, is expressed in gram, then
1000 w,
m =
Wa Ml of solut

where w, is the mass of solute (in gram) and M, is the molar mass

1 molal solution of sodium chloride contains 58.5 g of sodium chlori
of solvent. )

(6) Mole fraction : (x) The mole fraction of a solutcina Soluﬂ-m:lls
?clecﬂ the number of moles of solute and solvent in the solutiof:
raction of a solute in a so!uliorr‘l can be expressed as
X,_ — 2

dg[ﬂ“z

o
!.h‘!m:I

¢
nwhiesr:.‘:hx:L 's the mole fraction of solute, n, is the number of moles?
118 1he number of mole: of solute, .

] e
::isfgf ’:oflﬁm ) Nommality of a solution is the number of g™
" . & present in one dm® of solution. !
ormality of a solytion = __Mass of solute/dm
Equivalent mass of solut®

A
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: ented b :
: oﬂﬂaht)’ is rePres Th Y N'*A 1 N solution of sodium hydroxidcconminsdﬁ
N s of solution. 1he equivalent mass of sodium hydroxide i
i°  malitiC ations of solution is limited nowadays.

¢ {

jern _
ﬂ-gb
Calculﬂw the amount of glucose (C,H,,0,) needed to make up 1 dm’ of 2M
jon. w
O Molarity M = ——
| M,V
Molarity (M) = .2 N

Mass of glucose (w,) = ?
Molar mass of glucose (M,) = 180 g mol!

Volume of solutign (V) = 1dm?
2

2 =
180 x 1
w, = .2x180x 1
=36¢g
Mass of glucosc = 36¢
blem: 2
m\\’ha[ mass of glucosc_shnuld be dissolved in 1kg of water to get 0.1 molal

solution? Wy
1 P
Molality M, W

Molality (m) = 0.1 :
Vv)=1¢:
Mass of solute (W,) o [ (10008)

Mass of solvent (w,) = 158 "
Molar mass of solute M, = 180 g mO
W2

-
L 1 x 180
w. = 1X ISUXO.I
* =188 h
fw i 3 am, then
w, is expressed 10 g{gm 73
m = — o
M1 W1
Jpx iz
0.1 = 180
X
1009 OXG-I = 188

Mass of giucosc_ =

Problem

3 ;deand
. chlom

¢ 5.85 gofsod™

188

of water- what is the

A solution contain o
RS
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o e e Mass of sodium chlorigy
odum chlon Molar mass of %

-§_'§-S-=0.1

~ 585
Mass of water

Molar mass of water

18
: ) o m
Molefraction, X2 = n+ N,

_ 0.1
oride (x;) = 5+ 0.1

=01 _ 0.0196
5.1
X. = 0.0196.

Mole fraction of sodium chl

Problem: 4 | !
Calculate the mass of sodium hydroxide that must be used to prepare 30ca
ion?
Eg:?ssl I:l‘ Ss%]lllljltlc? ?;im’ = Normality x Equivalent mass of solute
= 0.1 x 40
= 4 B
Mass of solute in 500 cm® = 2g.
Vapour pressure of a liquid

When aliquid is placed in a closed vessel, some molecules

atthe surfﬂffff
sk : . i : s
the liquid escape from the surface and constitute vapour above the liquie: *

phenomenoniscalled evaporation, When theconcentration Of"ﬂpm;l?: ek
some vapour molecules pass back into the liquid. ThiS proces nist‘h’lj_j

n

L . . U
condensation. Finally astate is reached at which the rate Ofc"apom!:: ork
to the rate of condensation. Now the system is said to be in d:;'ﬂi‘-m:1 tjof a*f
equilibrium. At this stage, the vapour reaches its maximum CONCE” L si¥

CKC 1 i o -nﬂ“‘
salurLs maximum pressure. The pressure exerted by the vapour isk
rated vapour pressure, i

The v . e . rcssllfe_ v
apour pressure of a liquid at a given temperaturc 1S theff cquill'f*“’

saturated vapour which exi ic
With the liqlﬁg_ rwhich exists over the liguid at the state of dynam l‘q“"jﬁ
¢ : A the i
i:.-‘dcp(!n d:::l:)rfallﬁd vapour pressure exerted by the vapour above th ¥
i) The saturalcg amount of the liquid present, " pcm[nf“
¥apour pressure of a liquid increases wilh e

i
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cature increases more n
o0 umbe
g™ he vapour pressurc. rofmolec

iﬂfﬁfﬁz yapour pressurcata given e
Mpcrature depends upon the nature of the

i) 4 68 The vapour pressure

% e intermolec of carbon tetrachloride is hi

s 1;‘[10 'Ihcrcfor::mg bI;)(:ldmg in water is Su‘;ﬁdc is higher than that of

P Jondc. i , carbon tetrachloride ¢y ger than that in carbon
me of water at that temperature, aporates faster than an equal

0
gative properties

N arc

olutcs. Thesc properties vary with the composition of the solution, The

ules escape to vapour state and

latile s i
tics whichdepen on the total numberof
L solute parti
unl.of solvent arc called “colligative properti c‘;,' lgl!lip;lc;:lnti::aiﬁc:
ligative properues &:f the solution are the vapour pressurc the boiIinE?mim

t and the osmotic pressure. Thelaws governing these colli gaﬁvé

freczing POl
rtics aré gcncmlly known as the laws of dilute solutions.
dded to a solvent to preparc a solution, the vapour

wsure of the solution is found to be less than that of pure solvent. Raoult's1aw
gives the relationship between the concentration of non volatile solute and the
[owering of vapour pressure produced by it. The law can be stated as follows.
The relative lowering of vapour pressure of a solution containing anon volatile
wlute is cqual to the mole fraction of the solute in the solution.

Ifp, is the vapour pressure of pure solventand pis the vapour pressurc of the

olution at the same lemperature. the difference p;p is e Jowering of vapour
pressure. The ratio of the lowering ure o the vapour pressure of

Jfanon volatile solute isa

of vapour press
ative lowering of vapour pressurc.

the pure solvent is known as the re
Po-P

= ——

The relative lowering of vapour pressurc D
0

Here,n, is the number of
in the

_._.--z""' is the mﬂlc

s solute. The ratio, n_+1 ,
Solution, 1 5 )
If : e oles of the solute (n,) 15 5Ma as

the solution used is dilute: the pumber @ o < negligible

renit (10, ) 5
fmoles© 1€ 5_2‘:‘;; aéo‘.?,c equation (1) Therefore,

?I?mp%d with the number© o
.+ n, =n ) compared 101" value of 1 N
po-P - R

Po n‘
S ——EREY
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molar mass M. and w_ i
w. is the mass of the solvent of 1 And w, s the Magg
; 3

molar mass M,, then
= wyM, and n, = WMy

If

solute of
nl

o My W e (3)

flowering of vapour pressure of solution engbje, beg,

remento
hetcet of the dissolved solute,

termination of the molar mass

Ideal solutions ‘
{deal solutions arc those which obey Raoult’s law. The properties of anigyy

<olution are theaverage of the properties of its companents in proportion y

mole fractions. ot
Determination of vapour pr essure lowering and molar mass of a solute:

The relative lowering of vapour pressurc can be measured by the methodf

Ostwald and Walker. The apparatus used is shown in Fig.5.1.

r-

e e

Fig.5.1.
Ostwald and Walker method of measuring relative lowering of vapour pressurt-
A) Dry air 1) solution 2) solvent 3) Calcium Chloride Tubes ’
a wciﬂh"d anE-

In this method a slow strcam of dry air is passed through diord®
bulbs conining the solution. The air absorbs a mass of vapour P"‘?m"‘_jg (0)f
the vapour pressure of the solution. Therefore, there is decrease ! csure o5
the first scries of bulbs. This loss is proportional to the vapour o
solution (p). i

; . o et caficsOl

Theair from the solvent bulbs is then passed through asimilars® =
32 known mass, containing pure solvent. The air takes UP_“‘”','FH‘;E?O:&W’:
is E;’Sl:r&rcssm ofthe solvent s greater than that of the solutior mp'-’niﬂ“jl

* N mass (m,) of the second bulbs. This loss in mass 57

Icw.';:ring of vapour pressure (P,=P) s iﬁg,i
nthe case of aqy : ) _ olvent be
passed through qQucous solutions, the saturated air froms3 hlﬂﬂdb'l ¥

cighed U-tubescontainin calciume” a1
g anhydrousca” (ti0

M55 of the U-tubes, This gain in mass i PP

of the pure solvent, Po: ‘

1S an incrcasc in
vapour pressyre
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w0 518 of bulbs containing solution ang
ﬂ":t and after lh‘? passage of air. The Joss [vacm‘ are accurately weighed
g% o the relauve lowering of vapour p Ol masses of the two scts of bulbs

ﬁ”sgn [’_E_:P_ = ctx:reasc n massu(r}fp trlff:sgorr\:em bulbs (m )
Po fmrfmr;s m_ the mass of the solution bulbs (m))
M - ¢in lhcjm:m_s‘;fﬂthc solvent bulbs (m )
Po ml;,"l‘/"' - Mweag o )“v“"’ .
Eﬂfdilutcﬁ'ﬂl“ﬂ“n'f °pnp i mln'::ml =:—: -
Po-B_ My wi/m, .
Po m,+m, w,/m Mz 7
% wzh,ll(ml.}-m) _wamyf Po
s = Wy m, W, (Po‘p)

hus the molar mass of the solute can be calculated.

problem: S

The lowering of vapour pressurc 0
00°C is 24.79 Nm™™. The vapour pressurc 0

-2 Calculate the molar mass of the substance.

f a solution of 108.2 8 of a substance in
f water at 20°C

zZZEX
| T O L T O T
[
o0 —
s =R=x
~J o s ]
T = ;:
28
=

",

o

-}

Problem: 6

A current of dry air is PAs¢
30g of water, then through PY7° waécalil:ulﬂic the
Bin the water the loss 1S 042 8-

lu
through 8
dth he 10
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in mass of the solvent Mass of the solute / Molay -
loss bulbs 3 the Smm; .
~oss in mass of both the Mass of the solvc%
s
bulbs m, s _w_ﬂl the SUIVEHLQ[
m,+ m; M,w,

loss in mass of the solvent bulb (m,) = 0042 g

loss in mass of the solution bulb (m, +m,) . 276 ¢

mass of the solute (W) = .; (%

mass of the solvent (W,) =3 g

molar mass of the suluz.c (;n]) = il
¢ of water (m = mol-

molar mas A — P

0.042 + 2.76 50 /18
0042 _ 4x18

2802  50x M,

M-I - 4 X ISXZ.BUZ

. 50 x 0.042
The molar mass of phenol = 96 g mol*!,

Depression of freezing point of a solvent by a solute

Freezing pointof aliquid is the temperature at which both liquid andisw
have the same vapour pressure. The solution containing anon volatilesohets
a lower vapour pressure than the pure solvent. Therefore the freezing pons
the solution s lower than that of the solvent. The difference betweenthefes:
point of the pure solvent and that of its solution is called the freezing
lowering (or) freezing point depression. The freezing point of the 9
decreasesas the concentration of the solute increases. Fig. 5.2 showsthevi¥

pressure cur \“ﬂSQfﬂ]ﬁ pure SD[Vcnl th : : um}g.
] , LNNE SOIU C(}HCCH‘E
the solid 501\’[‘.‘,[][. sol tions of different

Vapour pressure
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the freczing point of (he -
ALCO  hressure - tlem L IVent therg; _
o p;rcczing infc?atmc curve below Sla sharp change in thecurve.
1""ilid' The +d PoInt of the Slution 1 jg T ; u,fmp‘:l'f-lturc. T, is that for
Igl:ﬂs i mmsolﬁ?érfs 2& lowering of [reezing D ISsolving a non volatile
o et form causes a f INg point.  Addition of m

e 10 - urther | ore
imflrc ozing point falls to p Ow

ering of vapour pressurg and.,
¥ e jowering of freezing point of 3 d;
mﬁfﬁn g of the vapour pressure of the sap

lute solution is proportional to the
€ solution.

wrminaﬁ‘]“ of molar mass of solytel,

copicm ethod) yfreezing pointdepression method:
Cry

jf the frecz1ng Df)lni Of.lht? sol_vcm is T,and that of the solution is T,thenthe
W:ssiﬂn of freczing point s given by,
; T . = To - T.

The depressidn of freezing point is proportional to the lowering of vapour
ure. . P
T ap,-P (lowering of vapour pressure) According to Raoult’s law,
l
Pk x, (mole fraction’of the solute)

Po

pn_p = anz

po—P O X,
Thercfore,

T, o X,

Tf - K xl' 1 )
where K is a proportionality contant. -
For a dilute solution, 1, 2

n i
& i XoE, " ) ) |
&Tr =K n, S

; that of the solute.
solvent and n, 1S
where n, is the number of moles of the

M =1
ﬁTf-—.Kn x"'l ( H; M

2 w

e solvent.
: M. is the molar mass of I
A jvent and M,
*here w is the mass of the SO

the solute per
ber of moles of 1 ;

. .0 is defi < taken in kilogram units,
m:;lglalllg' !?f “ ?011'111:0;1{ :.}slf: ass of the solvent ¥ "

mol the solve : the
"JWI is equal to the molality, M of ; int 7
T §= K I""11 m the molal freezing. g
T (= Kf m =

. ant called V= —Tperefore the
W f - rtionality cons crant for the SUM’:{L,_,-
fession constant (or) 1€ st
w
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. . " . "-"1"._.
. ~intofadilute solution 1S proportional oy, i
cessionof frec2ing PO ' Ty ¥
e solution. _ kv :
A Tl’ - M 2 Wi K
. _ Freczing point constant X i
point depressiof . mol ¢
1

i Cs of
Freezing $0lute
mass of solvep; :
l
gy

LA, iS expressed in gram, then

If the mass of sOIVen k, 1000 W,
Y I M, Wl__*

The cryoscopic constant may be defined a's RECmason] f""‘*"‘gmir.
<hown by a molar solution. The valuc of K, is expressed as degrees / oy
or as K kg mol ™. AT, () X M,(gmnldx w, kg)

R W2 (g) ot

= K kg mol” |

One mole of anon volatile normal solute in 1 kg of water lowers the (reeziy
pointof water by 1.86 K. Therefore the value of K for water is 1.86 K kgmol:
Each solvent has a characteristic value of K. Values of K. for some of ¢

solvents are given below:
Benzene 5.13 K kg mol™!
Acetic acid 3.9 K kg mol™
Ethyl alcohol 1.99 K kg mol-!

Determination of freezing point depression

The depression of freezing point is d&
mined by Beckmann’s method. The appert
used is shown in Fig. 5.3.

The apparatus consists of an inner glaSSFJE‘
A with a side arm, B. The tube is fittcd wil!
Beckmann thermometer which provides aﬂ_ﬂi
jacket. The whole is immersed in a €
mixture,

A known mass of solvent (w,)isP! Y.
inner tube ‘A’ and stirred gently. Th‘:momgm'ﬁ
of the mercury in the Beckmann the et
watched. The temperature recorded ‘]jr:;g. i

L] c j
mometer drops steadily and reaches : fvett’

. ok
ced ™
g

Fig. 5.3,

“PPazLLs - Cryoscop, that of the trye freezing point of e i
D) Freezing Mine the crystallisation of the solvent b8 s g
Perature raised and remains steady-

Beckmann'g
C) Solution
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is recorded as t .
{n}ﬂamﬂ: ’;rﬁakcn SGEBE he [reezing point of pure solv
1he wbe 15 0 .lhe freczing mixture solvent. '
o0 mass of golulc (w,) is added to the sulvcnatni the solvent s emelied: 5
P ﬂlﬂ""ed w 3]'5501"3- The freezing point of t;mm”gh the side arm, B, and
qed 1N C samce way as far the pure solve fﬂﬂl{luﬂg solution (T) 18
points glwi:.s the depression of frcc:ilﬁggiillfﬁmngl?\bcwwn -
““‘?‘E‘éiﬁiiiﬁﬁ )mjnﬂu;fw’)’m“ mas of thesolvent () n kg, MO
0 A scopi :
'ﬁ: (M,) can be calculated. pic constant (K,), the molar mass of the

g

it .
v 72Ing
piﬂ {r oL

K w,
' d T;wl

M, =

gxmann hermometer
ngkmannlhcnnomclcns used tomeasuresmall iemperaturechangesinthe

frezinB points Of the boiling points of the pure solventand solution. Beckmann
meleris not used in determining the absolute valuc of freezing (empera-

[: -
sof the solvent Or the solution. Temperature differences of 0.01 K can casily

[ observed. (Fig. 54.)-

~

: Fig. 54.
Beckmann Thermometer

consistsof a large bulb at the bouom
ervoirof mercury i

Beckmann thermomctcr

ofafrec capillary tube andarcs
 finc, a small changc of tem
pemiryleve 0 the caps o Thrf ot the capillan shoul
- . | of mercury 1P 1
covers only about OR- The level O & ry CEPY e lower bulb to the

ale. This is ach

rservoir and vice-versa: g

temperatures SOmMC of the mercury rom

th upper reservoir. Al low lcmperalurcs,mcrcury from the reservoir is broug t

down into the (hermometer bulb-.

- ' t
Elevation of boiling point of a sol¥ ent by 8 soluté * e )
The boiling poinmraliquid isthctcmpcralurc at which 115 apourp

1S equal to .atmospheric pressure: solur.eh:asa\'ﬂp@uf cqurelowerthan

liqui isaccompanif:dby

The solution containinga non Vo ; of solut¢ inaliqul
?E‘Fm solvent. Therefort the Pres: » ween the poiling -t of solution and
ns¢ in boili ' h differenc i .+ ~r boill int elevation.
that of iling poiT jevation poiling pointOf O e he solution

tof solvent is called the eiCY0  hdson the conccﬂlﬁ‘m“ of the .

The elevation of boiling
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Atmosaheric pressure —e

Vopeur pressure

iy
| S A

= T

Temperatyr

[ ]

Fig. 5.5.

Vapour pressure lemperature curves
(boiling point) for solvent and solutions.

clevation of boiling poin {Tl). Alo
boiling poiny,

mass by elevation of boiling point method

causes and clevation of
Determinalicm of molar
0SCopic method)

If the boiling point of 1

¢ solventis T, and that of the solution is T, then e
clevaton of boiling poing iS given by, T b= I-T, '
The clevation of boiling poing js Proportional to the lowe ring of vapour pressur
s v & pn =P
Acccrd[ng 10 Raouly's law,
E—E—-—?_ = X3 ( mole fraction of the solute)
g
Po-p = Py X,
-P ax
Therefore ; :
T,ax

134

The relatinnship
vapoql' Pressure and atj R
pointis showq if Fig.55 Mo b%”
When the v, Ur pregg,, l
atmospheric preggy,r, the 54 Cche,
that the boiling Pﬁimﬂflhep
T, A.Snlutcdissolvcdimh € Solyy,..
solution, (1), with a lower ,, !

sure. The vapoy, Pressure of p, - P
Increases with rj

the vapour P

of vapour Pressure g
i Pressure of the ol

(Ebulls.
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e mass of the
ution is dcﬁnﬂ::i::"d M, is the molar mass
is taken in kilugr:;mb‘?’ of molesofthe sor e so!vcm_
units n, /w, is equal o kil
molality, m,

sol
1w,

ution-
T, = KM m

T b
r 1 Gncw ro ﬂjﬂ . |

- 3 propo nality constant called molal el \f[
cvation constant ( ;3
or) ~

W
AT, = K, w,

b M, W wherem = W3

1 hl:W'

iion of boiling point,

_ Epullioscopic constant X molcs of solute
mas :
expressed in gram, fh‘;fns"“’““ o kg

g55 Of solvent (w,) is

K, 1000
K Eg = : =
. . M, W,
pullisocoPI© constant may be defined as the elevation of bd:ﬂing point

sed as dcgrccsimolalily orK kgmol ™. The clevation
Therefore the value

rmination of elevation of boiling point

The elevation of boiling point i3 deter-
mined by cottrell's method. The apparalus

used is shown in Fig. 56
Aisthe poiling tU in which the expert-
mental liquid is 1A~ A thick platinum wirc
bott of the e~ This

¢ liqui _Theside

Dete

Coey an
of the Bec

s method - ebilaoscopy

S .
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through the inveried funnel. A known mass of the solvep, .. .
mi[ini tube. The boiling point (T, i,() is recorded on the lhc"%‘;,) 'S gy
reading is steady. Aftercooling, aknown mass (w.) of (e Smu’["f{lcrl whe b
boiling point of the solution (T) is measured. The -:lif!":,n:nu:r;cIS g T
(T-T,) = T, gives the clevation of boiling point. of temp,. T

Knowing themass of the solute (w,) the mass of the Solveny (y, | .
mass of the solvent (M, ) and cbullioscopic constant (K, the Molar . oMt
solut - (M,) can be calculated. o Mass oty

M . Kh w
, =

2
AT, w,
Osmosis and osmotic pressure:

When two solutions are separated by a semi permeabe
passcs from the more dilute solution to the more concentrated, Ty, € Solvgy,
non is called osmosis. When a semi-permeable membrane Sf:para:s 4
from a solutica, sclvent molecules tend to pass from the solveny 5‘?;:1_5@ very
solution. A semi permcable membrane is a film of materia] “'hli ;lnm e
penetrated by asolventbutnot by asolute. Many natural membranes a; can by
permeable membranes and substances such as copper (I1) hﬂxﬂcyannre dssem.
(Cu [F,(CN),] ). parchment paper and cellophane arc also se Trae 1

; : : Mi permeab
fgilnwmg examplesillustrate the acton of semi permeable membranes in;ﬁ
518 o

Mmembrgn

| f an egg can be removed by dissolving in hydrochloriczig
Ifthe egg is placed in water, it swells. Ifitis placed in strong brine, shrinks. The

memberane beneath the outer shell of the Cgg acls as a scmi permeabl
membrane,

b) If an animal bladder, ¢g., a pig’s bladder, &
filled with ethanol and tied at the neci, it willswel
whenimmersed in waterand finally burst, Thist:
because water diffuses through the animal bla
der much more rapidly than ethanol diffusesod

Osmosis can be demonstrated by asimple3”
paratus shown in Fig. 5.7. ﬂ
A thistle funnclis covered withasemi-™
able membrane. Asugarsolulionismkf“mfrﬂmk
the thistle funnel is immersed in water. \b;:'
g‘.nnf:r?1 through the scmi-mmw?[itﬁféwlff
Fio. %0 Omias o 1o the funnel duc Lo osmosis so thal 1 7 iy
B3T3 dcmmmrm liquidinthe thistle funnel riscs. ASlhcm;mff—ﬁ
D Finallevel 2) Origing oy 19Uid in the funnel rises, the “’ﬂ[cgmg ¥
3) solution of Sugar 4) Water alrcady cntered the solution crealcs ir[][ *
5) Semi permeable membrane ~ LON21 Pressure and opposes the /o entto¥
hus, with time the ratc of flow of 50

solution decreases until an equilibr

B
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4 no further 0Smosis takes p|
$83 - passage o 'ace, T :
0 st ofsohem i, oS s, i
@ heranc !° ca ; OSMOUC pressure of ution through  semj perm J;:s:
|' 1 T N 1 c i rm
g jofined asthe pressure requireg solution. Qsmotic prcﬁurccﬂlal;

JO™ - od from purc solve : :
l;sifmwj ; i ntby asemi permeable m Mosis when the solution
“murement of Osmotic pressure ¢mbrane,

¢ 0SMOIC pressure of a solution is
: me
»J. The apparatus used is shown diﬂgmafnl;rl?gall)fy nekeleyand Hariley's
y.

D‘_ .
c
Th,_.:appm;a;ms nnmslsufapor.ouspotcunminingcnppcrf ocyani
. . its walls. The porous pot is fitted into a steel vessel tf}r;-hicir?dl?tgfipw
s d

lp‘ffqi-xﬂ M

l._L A S »over P

rL --—g:-‘:- e « » 5 /)
A S

Fig. 5.8.
Berkely and Hartley's apparatus for determinatior. of osmotic pressure.

piston for the application of pressurc and a gauge for the measurement of
pressurc. TWO ends of the porous pot arc closed with stoppers with a capiliary
wbe and solvent reservoir on either side.

Water is taken in the porous pot and the stee! vessel with the solution. Water
in the porous pot tends 10 pass into the solution through the membrane. As a
result the level in the capillary indicator moves downwards. Er_kmmal pressure
is now applicd by the piston © ‘ ¢ level in the capillary
indicator remains stationary. This pressure is measurcd on the pressure gauge-
The pressure recorded at cqui!ibrium givesthe oS motic pressurc of the solution

althe temperature of the experiment.

Laws of osmotic pressure -

Van't Hoff showed that the dilute 50

relationsh ‘ jon and tempe
lionshi ic pressurc with cunccntrauun
ship of osmotiC P ; ; : -

asthat of pa ressurc with cO ‘ :
laws Wf:n;br dﬁﬁ:g gy van't Hoff for dilute Sﬁ""g‘s,fg,
(1) Ata given temperature, in dilul® solution o
isdirecily proportional to itS concentration:
Osmotic pressure (T1) @ c (cgnccnu'ﬂllon

M

e like ideal gases. The
rature is the same

The following

Jutions bchav
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C = mole
whets, = = volume
The relationship can be writlen as,
1

" V(Volume of solution)for a given mass of solute) ormy _ e
This is analogous to the statement of Boylc_'s law. This law i
known as van't Hoff-Boyle's law of d1!ule solur:mns. el
(2) The osmotic pressure of a solution of given concentratiop ;q ;
proportional to the absolule temperature. ingy,
o T (absolutc icmperaturc)

T = aconstant,
Thisisanalogous to Charle’s law. Thislaw is therefore know

Charle’slaw of dilute solutions, Combining the effects of volum
absolute temperature on the osmotic pressure,

nNasvan'tHyr
eof solutiongy

o L
\Y
T = 5} where k is a constant.
. My = kT
IF 1 mole of the solute is considered the relationship becomes’
MV = RT

whereRisa constant kno

) wn as van’t Hof; ~ ieal valueofR
is the same as that in the off constant. The numerical valu:

it £as equation,
the number GL mi)lr.;'s Ig‘rr the solute is » mol, the relationship becoms

(3) There s are ; T o
distributed lhmugh?uztr; :g;e Similarity between the behaviour of moke®

OSMOLIC pressure of 4 d; andthesolute distributed throughout asoluton
Adilute solution, jn fact, is equal 1o the pressurc whic?
exert if jt exi 1564 p :

sted as a gas a1 ture occupyt
10 that of the solu;ion.g the same tempcra ]

A[ H givcn
: lemperayy ;
dlfﬁ:‘rcmsmumshm ¢, solutip

i o8

‘e th s having cqual molar conccnmll]l:
c»sm{]mc Pressure, the smsﬂ_mcnsmout Pressure. If two solutions have
mol of a splyje g; aid 1o be : )

. ¢ dissolye ; 1s0tonic. e

0smotic Pressure of 1.013 x‘- cld (}!rn 224 dm? of solution at 273 K will

i <2
Bﬂfl‘mmatiu“ of Nm-2,

r
ment, molar mg

¢as

5S of solute from osmotic pressure m
Like vapoy A ' o
r ¥

Drf:ssure., ffcezil'lg point depression ﬁnd boiling poinl elov?
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.. groperty also depends o
0H° : ; n the total nu i
r“'.ﬂ{vc qin solution. Measurement of osmotic mber of solute particles
o molar masses of solutes. pressure can be used 10
; qrv = nRT
a00 volatile solute of molar mass M :
‘ of W, M is presentin V dm? of solution then

¥

n:..—-
M
oy & URT
M

W RT

M= —

nV

- 831JK mol-.

» \’ﬂlllc Of R .
measurable quantitics, Hence, M can be found out.

The
1’“1'. andv arc
murmal molar masses
tive propertics suchasloweringof vapour pressure, depre
f boiling point and osmiotic pressurc arc used o

frec2ing point, clevation O
-ermine molar masscs. The relationships used Tor the determination are valid
:dcal solutions whichobey Raoult’slaw. Ifthere 18 deviation [rom ideal

ined by using the above colligative proper-

anly for?

hehaviour, the molar ma

zs do not agree with the normal valucs. [f the number of particles increases
through dissociation of the solut¢, igali increases.
Ifassociation OCCUrS: the number of particles is less than the expected he
clligative property is also less than the expected.

vant' Hoff introduced a factor, i known as van’l 10 express the

extent of dissociation of association.
! ative pro . Normal molar mass
ed molar mass.

- observed colli
calculated colligalive p observed mold I
Electrolytcs give abnonnall high values of colhgauvcfpmlpcmcs. . ¢
i .« dissocial solute into 1005

reason for the high value of 1 for elec=e is dissociation © into i
Ifasolute, such fs NaCl, is completely ssociated, U1 re arc 1:& r;::?:lfhsenvf ;ﬂ;ss
IGJ“-“-'l‘r)fml:ﬂt:cwf NaCl.Thercforc,thcco ripflr;)lez;fm . SN0 »

¢ ' jonisatl ' 1

calculated in the absence of ion ation. : i L o
ee LIMES the values

completely dissociated, therc ar¢ *.
Cu(NO,),. Therefore, oative prope : be less than
caleulated, The measured © value 0f 710
bel essthan unity- Associatiunof solute
ing between the

the Tl"ilnna] value. - wil
ncase of association. V@ pesoll
; j n bondin
Molecules in a solution iS generally caused Y ) dﬁg;ols xylicacidsare
Eﬁﬁmﬂlmules. The moleculess chas cohols.P " When benzoic acid
le of forming hydl'ugcﬂ bon _ i
(CiHsCOO}D is dissol ved in penzenés the

ssionof

Thccoiliga

*

]ar mass will
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