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aluciIons

— Solution s a rcgommsmorpm mixtuse of +two o Mose substances rnc._sm unifoem _U«omod.f,mmﬁmcn:
as mm.;m#.u. sefractive index , etc) thyoughout.
Exawple:- 1If sugas lump is dipped in o beaker of watex, the (ump n__,maswmmi.ﬁyﬁmn and wrthwm
0 showst time disappeass into the liquid phase. TIn this pwocess, the wmolecules

of sugav leave the cwystal stwuctuve of solid and become Cﬁ.:nog_& dispevsed
+Tdoc.@joc¢ +the watey.

< Components:?

~ The substances making up a solution awe called components of the solution.

Example .- The solution of mrﬁod N watex s an example of o two commponent umm,nms
containing one liquad phase.
and ..l.,U._ Vent >

-

> olute

— The component 50<..5m~ the some vf&&an_ skate as the solution is teymed as solvent,and

4he Othex compoment solute. Thus, in the solution of sugar N Wwater, watexr s solvent
whexveas sSolute is sugar.

These is no theoritical distinction between the texms splvent and colute since
the molecules of both oxe Cﬁm.no.ﬂlm dist¥ibuted thyoughout the solution.

Example:- A solutrion ™Mode _ua 45.?.5& equal volumes of m.*r&, alcohol and water. Either Ynay
with equal justification.be considexed to be dissolved N each other -

However , the Component present in \avger amount is Called Solvent wheveas
the component present in Srmalleyr amount is Called the solute.



- Since these ave thiee states of -mattes, thewe awve +§muq,.$n0:m Mine possible classes ox wm:vmm

of solutions:-
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S. No. Solute Solvent Type of the solution Examples

L Gas Gas Gas-Gas Any mixture of gases as in air

2. Gas Liquid Gas-liquid Carbon dioxide in aerated bottles ;
mineral water

3. Gas Solid Gas-Solid Hydrogen adsorbed on palladium

4, Liquid Gas Liquid-Gas Moisture in air when we have mist

5. Liquid Liquid Liquid-Liquid Alcohol in water, benzene in toluene

6. Liquid Solid Liquid-Solid Hg in gold

7. Solid Gas Solid-Gas Camphor in air, iodine vapour in air

8. Solid Liquid Solid-Liquid sugar in water, common saltin water

9. Solid Solid Solid solutions Alloys like brass containing zinc in
copper.
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? NMethodsS OofFf eXp¥essing concentyation! Ot “:_
._ .._ . _r .

- goﬁd._.ru is defined as mumber of moles of solute present ‘m ore litve of the solution.

| lola } [ aa .
L WYIOWQE ,u LVl .

M = Moles of solute MNa
Volume of solution V (in litve)

Example:= A 0:1M solukion of NaCl means that one litve of such a solution contains 0:1ole
of Nacl.

i, Lol B

= Z,o_.“r:wm. is defined as Mmumbex of mmoles of solute psesent in one T:omdoﬁ: of +he solvent.

Moles of solute MNAa

3 1 =
Mass of solvent _nm of solvent

Example - A Lwm solution of come sugaw contains § wole of cane sugaw = & xm TP

» In |\abovatosy, aﬁo_D.q.inm 'S mmsm«b:m used 1o expvess Concentvations of solutions. But the main
dvawback of this Mmode 1s that s value depends upon tempevature due to expansion 0¥

contraction of +he liquid- )
The main advantage of Mmolality over molarity is that molality does not depends
upon tewnpevatuve.
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-

= Nowmality is defined as mumbex of gvam equivalents present I one litve of the solution.

No. of gm eq- of solute Mg

Volume of solution CQJ_.I&

N =

Examwple:— A 0.LN _P@Zow solution ™Mmeans that it contains .1 qm mlﬁ.rb/\e,_m.bﬂ oF )&Zo,w pex
\itex of the solution.

[ VIO & +r TAaActh

-~ Tt 1s the watio of Moles of one component to the +total mumber ofF moles of component
( solute as well as solvent) of the solution.

Mole Praction of _ Moles of a componet
@ component Total mumbex of voles of compornent
of +he solution

Example:- Suppose, a solution is prepased F¥om My moles of A and Mg moles ofa Bma
Lixed PC05¢¢M of the solution. Then

Moles of A Moles of B
mole Peaction of A = tion of B =
i , Moles of A+ Moles of B wole Fracti Moles of A+ Moles of B
Na MNg
oY = 21 =
%’ Na+ Ng 0 %W Na+ Ng
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sum of the wole fraction of the components of a g,,},dmmod a Solution) is S?@Hrms

M.K_.u L

= The less ?.m@c.m:iu used concentwation units ave:-

! Viass perxcemn

- The mass pewcent of a component A in solution is defined as

Mase % A = Mass of A |00

Total ™mass

{10 e _v\ L — \. ey I P

— The )30:“.. pevcent of a component A In solution is delined as

Mole ofF A
Mole /. A = ¥ |00
ol ’ Total Ywoles

- b

— The concentration of a component A in solution in ppm is defined as

Mass of A ¢
(Ppm), = x\0
Total Mmass

& In o two- component (binowy) solution

, ik is ncmggo,.u. +0 denote the solvent ,ou subscapt L
and solute by subscyipt 2,
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— The mass Pvaction of o component in a solution is expyessed as the ymass of that Component
pes unit mass of solution.

Suppose W ond Wy ave the wasses of components A and B domvm0¢<m_& Then

Wa
Sb. ..TC_CW

Mass Haction of A =

Wg

. ¢ - _ We
Mass Ton.TaJo B althon
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VOADOIWLLE K SLLE ¢ D+ F_f.._iﬂ. >
W PO \/ = AL iy

— suppose o puve liquwid is placed in a beakex which is covewed with o bell jar. A small fraction of
"molecules of liquid will olways possess sufficient immum energy so that they Tay escape
from the liquid In the form of vopouns ond these will fill the space ovailable to them. A frackion
of these wwolecules wil) o&o..:: vetuwn from vopoux to the |liquid state +ill at o cewtain temp.
on equilibxium s attained between the vapour ond liqwid phases.

The pyessuse exested Wm_ the vapoux in such a Situation ot a M_w<m.3 temp.

‘s tewmed as +the vopoux pressuse of liguid.

¢ & ..f.%..l Uy prYessuse __...L a “,L,...r.;l

> [Lowex _,1 ot wb.»..__:u,._,,m ,_..\_,_D__Jc_r_lr.,,,l y
-

- Tnh ovder to prepave a solution, a mon-volatile solute is added to o Solvent . Tt has been
Lound that +he vapouwr pressuve of solution is D_EDN_M less than that of pure solvent.
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Pure solute
.l—.
nt
Solve solvent
(A) (B)
F 'd Decy¥ease In the vapour pressuyre when o solute s a«ad ed to a Solvent .

(A) Evopovation of molecules Lyom the suvface of pure solvent.

(8) In a solution, solute pavticdes olso oCcupy o pawt of the surface avea
and so veduce the MNumMmbex of solvent wwlecules at the surface
thot evapovate.

— Let beaker (A) contams puve solvent wheveas beakey (B) contains L Mole of mon-volatile
solute and one Tole of solvent. Due +o evaporation of liquid solvent , \iquid vapours will present
svey the liquid phase In both beaker @) and (B)-But the pelative Mumber of solvent Tnolecules
present ovev the liquid suvface of beakews (p) has been found to be less than that obove (R).
The weason for this is that some of the mon-volatile Ymolecules ave also present in the liquid
suxface of (B). The presence of these wolecules veduces the nwnnr_v,_jm surface. But m<9?<n¢3
of aliqud at any tevnpervatuse below ks .oo._:jm points depends Upon the .nmnoé._sm suvtace of
the liquid. Thevefore ,the Vapoux pressuse of solution(B) will be less than the vopour pressuve
ot puve solvent (A).
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— Suppose P° be the vapous pressuse of puye solvent and the P the vopouw pressuse ot
solutien. Then P_p will be Known as 4he _ogm.q;m ofF Vopouy pressuve.

— IF the soute is volatile than vapour phase above the liguwid n beakey (1R3) Will Consist
of vapous of both the components. The partia! vapours peessuse ot each component of

the Solution will depend upon ts mole Ffraction in solution.
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= Kaoult's |qw .=
— The Fwench chemist F. Racult studied vapour pressuves of a mumber of _o._smﬁm_ solutions of
volatile liquids , such as benzene and +toluene , at constant tempevature and gave the wo:o&.&
mmjmdo__,mbio.j which 18 knowon as the Raoult's law:
The pastial pressuve of any volatile component of a solution at any tempeyature
is equal to the vapoux pressuve of the puve component ymultiplied _oc the mole fraction of

that component in the solution.
- Suppose a _umﬁodm solution 8 made of My Moles of a velatile |iquid A and g Moles of

a volatile liquid B. I P, and Py ave partial pressurves of the two liquid components, then
accoyding to the Raoult's law,
Pa= % Pa and Pa= 255 — ®

- . —_
wheve 22, = Mmole fraction of component A | %::ﬂ%ﬂw

: Neg
R, = =
g = Tole fraction of component B | 2= e

Pa= Vapour pressuve of pure component A

ku Vapour p¥essuse ot pure cComponent B



Learn Chemistry Online

= I+ the vapouxr hehave like an ideal gas , then accovding to Jalton's law of pavtial pressuyes,
the total vapouy pressuve P is m.zm: am

o ©
or P R, PR+ %Py — @
— In geneval , Raoult's law ™may be exprvessed as
P; = 2¢; Py — @
and the total vapour pressuve Moy be expressed as
P= Mn- — @
|

Feorn the expeviments, it is ohserved that Raoult's law is O.umamm o«:u Pvﬁdox,QSme_M

¥ox most of the U;Qd\m Soletions. The le o Obeyed vm#hnn..._m_ in case of ideal solutions.

Thus, A solutien of two o Mmore constituents is said +0 be ideal £ 1t o.um.mM Rault's law
exactly at all concenbrations And at all temperatuves.

P_.n.c...mvo.:wﬁrdnrbdmw.,g:o«. dnﬁm...c.:m .mudgwmmﬁ_wo_ci%m.
- Exampe of ideal solutions ave -

a) mr.f&dmﬁm bsommide and mi..a_mﬁm chloxide

@) mMm-hexane and Mn-heptane

Gy m- UE&_ chleside and M-butyl byomide
uv) Benzene ond “oluerne

&) Caxbon tebtrachlovide ewmd Silicon tetvachloride



- Vi ApOUT pPrFesSsuse Ot [ deal solutien S:»

— The vapour pressuse of an ideal binavy solution
of twe components A and B having diffesent mole

fractions ave shown in Higuve L.

- It is evident that the gvoph of the partial pressuse
of each component ogainst its Mole fraction in the
solution is Q wi&@rw line and the total vapoux

pressuse of the solution for any  given composition
is equal *o the sum of the pavtial vapour pressuses
of the two constituents.

— The pastial vopour pvessuse of compoment A is given
by *aPa> emd that ot component @ is given by
®RgPs . The total vapouws pressuse of- the solution i¢
given rm RnPp° + 2EPs . Thus , when the mole
;ﬂnonig ak o mm~m0m._. 0-80. the total vopour pressure
Is given by P=0:2 P + 0-3 Pe mﬂ..m_._v.

0
ﬁu..D,
U
©
3
w0
o
Yo
Q.
m-
g
-
v&bn_.
*x_=0

Mole Pvaction

<ﬁ_uo; ¥ prvess Uwre

So\utions
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al solutions >

A £ r
—

The solutions which obeys Raocult's law ovex the entive wange of concentwations ave known
as ideal solutions.

If two components A and B ave present in U..So,am solution then the bonds between
A and B ove 3@91& equal to A-B bond . This leads to the formation of an ideal Solution.

A-B mtevaction = A-A and B-B intevaction

In this case, Mo change in inteymolecular forces between two components occurs and thevefore
+he heat Drmﬁmm on 45?..5& in such ideal solutions will be zevo.

AE . ix =0 |0%XC08Hu=0

Also,m on ideal solutions the volume of the solution will QAFEQ_ to the sum O.ﬂ the volumes
of the components befove they ave mixed. Hence +he wvolume chamge on mixing LS i

AVynix =0

A vmd*mnm_u ideal solution is wasve but somwe solutions ave Neavly ideal in lbehavious.

a) M¢$&~mﬁm bsxomide and ethylene chloside

@) Mm-hexane and M-heptane

G m- .uc.*&_ chlwide and M-butyl byomide

uv) Benzene ond +oluerne

) Cawbon tetvachlovide ewd silicon tetvachloride
') Chlosobenze and by¥omobenzene
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aeal JIULTICQ

— The solutions which do mot O.omm Rooult's law ovew the entive Yange of concentration axe

KnownN as MNon- jdeal solutions.
— Fo¥x Non- jdeal solutions -

BE (ix 7O O¥ QOHy, 7O and AVyyix # O

Tnix

— The vapour pressuze of non-ideal solution is eithes highex o¥ lowes than that predicted
U,m Raoult's law. TH ik is _‘:msm.« then sSolution shows positive deviation and iF it \s
lower then solution exhibit 3mmD¢<m deviation fyam Roaooult's law-

— Non jdeal solutbons may be divided into three wm_xwwl

[A) To.ng H
ALY 2l

| W - —

— These solutione show swall deviations frem
ideal behaviouy. The total vapouy pressuve of
such solutions vyemain within the vopouw
pressuve of pure constituents.

— Exavnple’.-

a) nan_ormxosm ond cavbon tetvachloxde

Vapour Pyessuse %
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— These show positive deviaton Promm Raoult's kaw - p“
— Tw case of jositive deviation- .
w
A—-B intexackion < A-A 0% B-B intevaction m
o
This Mmeans that Tolecules of A ov B will . b
casier to escope than in puve state. This will m. L N o
nmcrease the Vopoux pressuve. >
Exomple:- £ “\ i
®p=1 Mole fvachi -1
A ole action
( (CH3),C0 + CS, o .. gl
(1) CCla + CHCly Cia:- Pasibive devialt

di) CCla + CgH¢

Av) CgHg + (CHy) €O
Q) (€H,)CO + G HOH
W) H0 + GHOH
Gi) H,0 + CH;0H
i) CCly + CgHg<H;,



Online

— These shows 5m&D¢<m deviakion fxem Raoult's law. p0
- In cose of negative deviation AR~ _
. v T
A-B intexactions > A-A ox B-B intexactions - g, .
v S N
» P
Thie decveases +the escaping #mjmmjnm v _
a.
of molecules Hfox each components and as a vesulk o :
the Vopouws pressuve decveases. m.
g
— Examples: - p .
() (CH,),CO + CcHNH, A
s = 2 =
. 5= 1 Mole Praction My ¢
() DIﬁ_u + CgHe _%mnO m.,..rm-.r

W) CHAO;+ (GHe),0 i o
(V) CHCO0H + CgHgN

(V) H,0 + HC)

wi) H,0 + HNO;

W) CHa,+ (€EH;),€0
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AVl J\Vik oY a \ Wity O it~ i1t

.
L1

~— (n.N. Lewis intvoduced 4he concept of DQ.Z?M in place of Mmolax concentrations in case of

m—mng.o_m_in solutions.
- The DQW:\._WM is velated +to ﬁOjﬁquomg mxv*mmmm-n_ in texms D.ml .,D)O_folm,. e Vo teurnd Oﬁ

woles pew kg of solvent, by the expvession.

a=YyYm — O

wheve a = Qnﬁc._w,m
™M = 30_9_?&

Y = on¢._<._£ coe fficient
— The activity of a substance n a given System May be defined as the product of its
,?.29:...& and O cextam Lactoy called its DQTE._J coelficient.

— Activit cae -ricient 3
d— .

— Comnsider the dissociabion of a wni-umnivalent m_mnﬂo_aﬁm Yepresented as;-

MA == WM* 4+ A°

Applging the law of chemical equilibvium, we have

K= LmTI( A~) _—
Ly ®
oY K= Qrzi.g (¢p) = @

MA
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Mear (oni¢ ATV 4,..“ .|r.|.n..”.hrm_..; et
\J

- 1t is not possible to have Only one Kind of ions in a solution. (-e. both aniens and cations
axe present in a solutien and solution is Meutval- So to detevmine activity coeHicient of

all ioms, a mMmew terms mean Tonic Dn¢<._¢m and ean ienic Qnii& coelficient are intxoducead.
— Conside¥Y ionisation of uni-univalent m_mnic_amm MA:

MA = = Mt 4+ At
The Dnic..f of cation moy be dencted U& a, oand that of omion GN_ a_. Vhe DnISJ
and mean lonic activity oF the m_nnqo_ﬂ_«m , denoted _om a ond ap Tespechively.

o= (as)al) = (as) — @
— Fox any othex electvolyte of type M Ay which ionmses as

The on¢<._¢w_ and Tnean onisﬂ wi be mwis &M
+
o = h0.+¢xhpnu,» Hpruﬁ 4 II@
TF ™ is the nibHal concentryation of +he nw._mn.ﬂ.-.o_amm. gﬁ)a in tevyms of Toles per _000@,3
of *he solvent, the concentvrotion of Mt and A- ions woud be 22 and ym moles per |ooo
gm of the solvent. Knowing the velation a=vym, Eq. @ oy be Etten as —
Q= ﬁvmu\+45v8 Pd aﬁlgu,u\

2 +
oY o = .Wﬁﬂd,»e\.”n .\M ,«.jum+u — vmvpddﬁi.ﬁﬁ)v 4 — @



—
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Whexe Y+ s the mean Ynola!l jonic Qn¢<..¢m coefficient o¥ m..:gv_,m ™mean Oni,:dm conllcant o
the m_nnﬁdofm*m. It is m<._n_m5¢5 . defined acg

(Ve (Y () — @

Thus , iF a is detexmned axvm.ﬂ‘_?oji&‘ ik is possible tv colculte the mmeam
DﬁIc.}m coefficient Ga O,U,u_m_;m eq-@. The wolues of 20 and N_ depends on the Maturve of
e m.mnqo_mfm‘
In cose of KC\, 2=, ond N_H.— ‘hevelore €9q. @ can be written as
o= {'xL hd\.w. eﬂu—i
a = (yrm)*
Fo¥ Q uni- bivalent electvolyte , like kS0, . =2 ONd 4=1 thevefore eq.(©
can be written as
o= 22 x1 (rem™

- P<Hw ™m?
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.

2

9.
4.

The solution n which m_.cDS.Twa of solute s 4n_o¢<m_m vevy small s called dilute solution
Col \lgative pPrope stIes .

Do_:mop.?m. . fvom Lakin : co weans *Om_m».snd ' :m_oim ™eans +o bind.

Those propevties of the solutions which depend only upon the toto]l Mumber of molecules
of the solute per unit volume amd Mot on its chemical Matuve awe colligotive properties

OR
no:._mbf ve propesties ove those which depend @qun./m Wpon the Mumber Of_ubqin_mm

of the solute dissolved i a Kknown Vvolume of a gven solution anad Mot at all upon the
natuve ((.e. chemical composition o¥ constitution) of the solute.

These propevties ,in fact, depend wpon the Mature of the solvent .The nO:_.mDT<m Pyopesties
can thus be qwmfzm_ ...mmodn.m& as the propewties of +the solvent in a m...<nj solution.

In the study of colligative properties, the Solute taken as mMon-volatile.

The vavious colligative pyoperties ave:-

Lowewing of vopour pressuxe.

. Osmotic pressuzse

Elevotion of Uo.:msm poInt

Depression of freezing point
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— The colligative properties ove widely used for the detevxmimation of ™oleculaxy vasses of
substances.

Mathematical expsession: >

— If +wo solutions o¥e made £fvom diHewvent components +70m way show identical values of
n,.nv:_,@b.ﬁ“_/\m ﬁ)noqumd#mmm which arxe D-mvmjn._mduﬂ DS_N_ o Yole PDH*A%W in £he Solutions: - Thus

Colligative _udo_ua«ﬁ.m_ TWeasuved ok Mole fracktion of the solute
- Suwuppose o mMm¢m3 ot +wo components A ((Solvent) and B( Solute) {s considevsed.

Numbex of wwoles of mo_cnsw.jrn c_u..p
A
Number of wnoles of solute  n,= W8
Mg
le Pvach £ solvent , 2e, = NAL . and ole draction of solute e, = 28
ynole fFvaction O o | A 5>+5w ’ B 5?.._..5&
But accosding +o defimtion
¢ bl
i qotive
ﬁO:.@D v ﬂ*Oﬂmd}M o et g
J)w rl.b.vh
\iqative pro pex = = 8 _
ov collig pro pevty d\iv+5w <|.mm.+._mF )
1) Mg

Y= ﬁﬁOvanmOﬁQ_mfu constant which depends on natuxe of 00:_@0.5,3 _J«D_umdﬁ.a.

— Eq- O s very useful because it can be used Ffor calculating the value of amy SE the Tweolvaid
factess pwovidea the value of all the vest awe known.
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: ORTING OF VOpourY pressure .-
— The vapour psessuve of o solvent i solution is less than that of the pure solvent.
— Accosding to Raoult's law, the lowexing of vapour pressuve depends only on the concentsation
of the solute paxticles and it is Independent ok theix Identity.
— The vselation b/w vopous pressuse of solution , mole fraction and vapour pressure of

puxe solvent is given by the ._No:oS.B& equation -
P= @Fy — ®

The weduction in the vapours pressuse (AP,) 1S given as

AP, = PS- P,
o% APy = _u.n”l _Un_vlua._
ox AP, = PS(-®)— @

we Know that
x Tw, = 1

oY ®,= L-RN,
Eq- @ weduces +to
AP, = 2, — @
In o sSolution 005.99.5._5@ seveval mon- volatile solutes, the _ec.u_md.JSm of VOpPOUT pressuve

depends on the sum of the mole fraction of diffevent solutes.



AP,
PO

mole hnan*_.oj

From eq- ©

Equation @ can
Dn. —v”vl ﬁU-

vo

of solute.
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be wyitten as

Py

P
° "
P-P s called welative ,oc.vm«._sm of vapoux pressuve and is equal to

Equation @ con be wrwitten as

MNa A
N+ Ny

PS—P,

o
v \

Fox dilute solutions
N, <c<Ny , hence

oY

Q¥

_ASOS.SM all other Psasfrmm

- M2
- n,

wﬂ_.l_v_ Wo /M2 A
P Wi/wm,

ﬂu.wlv- - ZNX_S. I@

the molay

HUMN.I..@

20 N2 "M,= Tnoles of solvent
2" M,4n, N,= Moles of solute
Ny = 50&_.&.&5
e 5".W/-I.v
™
wheve W, = Mass of so\vent

M,= Molay ™Tass of solvent
W.= Mass of solute |
M, = Molar mass of solute

mass of solute (M,) can be calculated.



Learn Chemistry Online

> Elevation of boiling point .-
= The vopour pressuve of liquid increases with incyease of temp. ond it boils at the temp. at
which its vapourw pressuse is equal t© the atomosphervic pressuse.

E xavmple: - Boiling point of watew = 373.5 K (100°¢)

At this +emp. Vapous pressuse of watex = 1-013 bax APDT?V
— The vopour pyessuse of the Solvent decweoses n the presence of mom-wvolatile solute

Ond Vapou¥ pr¥essuve s ncreased by vaising the temp above the .oo.,::m point of the

puse sSolvent.

Example: - The vapour¥ pyessuse of aq- solution of sucsose ic less than 1.013 baw at
31315 K. In ovdew to incyvease \apour pressure , this solution Must be
boiled oabove the .00.::,.& temp of +the solvent (Water).

Thus , the .oo.__:)m point of o solution s always r..mro.a than that of vo._:,:m point of
the pute soluent in which the solution is prepaved.

Example:- A solution of 1 ol of sucvose in (ooom) of wWutex boils ot 373.52 K at one otm
preSsSuve .

— Similar to loweving of vapour pressure , the elevation of Go_.:am_ point alSe depends on
numbex of solute yoolecules wsathey than +theivy Matuve.



Let

m.o..._._a& point ot puse Solvent = |—|muo
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Boiling point of

Solvent
ond Uo_::m point ot the Solution = T 1.013 bar * m+o_c=o:
o 1A
Then incrvease ot Uo.::m point is o &
W
AT,= -T2 = O H %
Eq. © s called elevation of &o._::m point m
— Fox dilute solutions, the elevation in .oo.__..Jm point (ATy) IS m..
minn*_m pcopovtional to the wolal concen tration ( molality) of M - AT
the solute In o solution. > HOM T
DJ.U oK T — @ Temperature /K ey

o ATg= K,m-®

wheve ™= éo_D:J
Ky = ndovoaiog:.& constant , Called Uo.__mjm point elevation constant
o¥ mwolal elevation constant ((Ebullioscopic constkant)
unit of Kp = KKkg ol ~!
T+ weightof solute = W. g |, weight of solvent = W, 9
Molar wass of Solute= M,
then go_o__ﬁm of solution Wa /My Wy % looo

o S MREWS
W, /lo00 My X ¥
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Substituting value of ™M n eq- @

Kp %X W, X 1000

ATy = -
, My % W, &
Kp % W, X 000
o M,= —o” "2 — ®
DTy X W,

of the solvent s token and OT, is deteymined m.x—dm.q-_ﬁ.«mjﬁb:& fox a known Solvent
whose K, value (s known.
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t

yOINT

ﬂ.n.,..h...._.m.g__ nc

— The lowexing of Vapour pressuse of a solution causes o lowering & s _w_.‘mmw.sm point covnpated
o that of +the puve solvent.

- At the hdmmw._ﬁm point of o substance , the solid phase is in n.&ﬁnsdmn equilib¥ium with the
liquid phase. Thus, the Jm.nmmN‘.s& point of a substance Way defined as the temp at which
the vapouve pressuve of the substonce in its liquid phase is equal to ts vopour phase

in the solid phase.
- A solution will freeze when ite vopour pressuvre cquols the vapouw pressuve oF the pure

. - 1 UM 3

solvent .

= rﬁno«m..sm to the Raoult's law, when a Mon-yolatile solid is added to the solvent its
vapour pressuse decveases and become equal to that of solid solvent at lower tewp.
Thus, the freezing point of sSolvent decveases.

Fseezing point of puve Solvent = T.° ya o%
and h.qmmN..jw point of +he solution = T A. & 2

o |

Then decyease n ndmnﬂ.sm point is g 5% |

3 « .
OT, =T7-T, = O m

Eq. ® s called depression of qunN.Bm point g A7,
S

T, | T

Temperature/K —>
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— fFox dilute solutions, the depression o} ﬂqmmﬂ,.jm point (aTg) 'S m?mn:u pxopovtional to the wolal
concen tvation ( 450_0_.20% of ithe solute in o solution.
2Ty &M —

whevwe ™= mmelali J
Kp = ﬁdovodﬂog..ﬁx constant , Colled .Pmmﬁsm point depression constant
OF go._o.— &navd-mww.-g ﬁosmﬁ-ﬁ.ﬁﬂ ﬁm.ﬂdo Mﬁoﬂv..-ﬂ ﬁijgd..ﬁv

umt of K = KKkg Yool = !

T+ weightof solute = w, g

coﬁwm«# of solvent =W, ¢
Molar wass of Solute= M,

then go_c_lm of solution Wa /My Wj % 1000 @
™ = |.I||||_\C.\_000 - _/)NX W,

mFUm¢+c¢5w value of ™M iy eq- @

K X W, X1000
Bl S —&®
M, X W,
K % W, X000
- Mg = 2 — ®

DT %X W,
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Thus , in orxder +to detesmine ™,
of the solvent s token and oTpe
whose Tr value s knolwon.

Known Mass 0% Solute In aa Knowvn wnass

is deteymined mx_umd..gmzb:u fov a known So\vent

— The values of K¢ and Kp can be detexmined fom the ‘ﬂozoﬁ..u._ﬁm ~elations : -

RX M, X T

Kp =
1000 X AW o

PR
RX M, X T,

K, =

b looo X DI..B;v

wheve R = (as constant
M,= Molay ™ass of solvent
T; = Freezing pint of pure solvent (1)
Ty Boiling point of puve solvent (k)
N\ P msg_v“ of fusion

Digwu mﬁmso_vm of vapourisation
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2> Uswmos

— When a solution is sepavated fvom its Solvent by a semipexmiable wwembyane | +he solvent

molecules pass +740C@5 it into solution 4o have uniform concentsation on both sides of
the Ynembrane,

— The phenomenon of 4he Mow of solvent molecules ?Aoc@r o Sewnpesmeable Mmembyrane ﬁBB
puse solvent te the solution s Called o0smosis.
aaom:

The movement of molecules Prom the domwoj of lowes concentyation
into wTegion of Zmymw concentration solution .¢§ocmr 0 sem)permeable mebyane is
called osmos\s.

> .” XaYyn \__ e

- Tf Wwe toke +two eggs of equal size whose outer Shells have been wvemoved omd put
one of them in distilled wWater anad the ©thexr in Satuvated salt solution then ofter
few houws the egg ploced m woter swells up while one in salt solution shyinks. 1tis
due to fact thot in cose of €39 Placed ™M distilled water, the Water entevs the covnentrakd

m.mm flwd while in othex case it goes out of 1he mmm inte Thorve concentra ted solutiom
to have uniform concentration in and out:

- S

- [A*= £89 ..HuDH -
- =— Watey .Mr |Hin.r Salt Watey

TR
SN
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— 0smosis diffess fyom diffusion 'm the ,mo__ocu.djm Yespect T -

Osmosis

Diffusion

1. Thereisa flowofsolventinto the solution through
a semipermeable membrane.

2. Solvent flows from the solution of lower con-
centration to solution of higher concentration.

1. There is a flow of both the solvent and
the solute and no semipenneable mem-
brane is required.

2. Solution flows from higher concentra-

tion to lower concentration until an equi-
librium 1n concentration s achieved.

.n_"\....d VA DIS BAL NI DYANE ¥ ViV )

— A membyane which allows +the solvent but Mot the solute ™olecules +o pass .¢Tadp&r

it is Known as semipevymeonble Tnembrane .
- mxbg,u_m“t

. The wembrsane mc;ﬁ‘ocﬁm..j& plant and animal cell.

2. ﬁ_.m bladdes
3- A layer of phencl satuvated with wWatex

4. The gelatinous precipitates of calcium phosphote anad coppex w&.ﬁ,onm_.pd‘,ao
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JSTNOTIC pwe

The spontaneous #low of scluent nto a solution o frsm o move dilute 10 o concentrated
solution thwough a semipes meable membyane is kvnown as 0Osmosis.

Tn ovder to uUundesstand osMosis , wWe take a “histle funnel
tilled with sugax solution, whose |owers end is +tied with
an aniMmal Mmembyxane. Now We placed in a beakex which Sugar 4:
contain distilled wates. X

Solution

Due to oemosis , watex will fLlow inko funmnel
theough the membryane and liquid level ¥ises n furmel .

As the liquid ¥ises In the tube, a smmdomw.nmn
pressuse is developed. The pressure incveases the +mﬁmh5n&
£o% the solvent molecules to Teve from the solution back nto
the puve solvent and opevates Pmo...dwﬂ the fovce .nbcm..,am.
osmosis. As a wesult, an equilibvium condition is .w:.,o__m

veached in which the famdomﬁdin pressuve is sufficient —to
prevent fuxther diffusion.

>33m_.~ Membrane

That Tmmdomﬁoﬁn pressure oQ...d% on the solutign side oF the sewipermeable
Membrane that is just sutficient to prevent ©sTwosis 1S tevmed as the osmotic pressuve
of +he solutiep.

If liquid ¥ises to a hight ‘W' +then

osmotic pressure = fmm
whexe dJd= density of the solution
g = accelavotion due to mdDd...fM



. Anothes |_n..u_. IMItLoN _w_r QS TMNMOotTIC T Tes S C,Ia.m.._
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Suppose Q& Solution is Kept In o Cup whose walls contam
o. semipeymeable ™embyane-. The cup is tightly closed by < —
JIubbex piston. Then, this Cup is Kept n a _o._m_@ma bealkevy T
contaiming watew ( solvent).

Due to osmMmosis, the watex wWill ynove RKom “he
beaker into the cup thwough the SemiperMeable Wembryane. —
This Twsmmﬁnm can be overcome .om 0.3.&..5& pressuve on the e
solution vm rm..m?dm mSn«m.Dmajm weights on the pisteon . As F.II.IIIIIIIHIHI
soon as o pyopex B.N._,mf.w. s _u_DDBn._. MO O0SMosi s take ,_u_ﬂnn. == /)

This excess pressuve Qnm_sm en the solution which
prevents OSMosis is known as Osmolic pPressure of the solutien.

Semi Permeable
Membrane

Soivent
I
Solution

> T soten .f»hv_ r».#.,_ oS .Il.,v

The solubions having same osmotic pressure ove Known as isotonic solutions. When
such solutions ogxe sepavated by semipermeable wmenbyane ., mo oswmosis +takes place.
Isotoric solubions have Same -olaxy concentyatiens -

Tl oy unknown sSolution, has lowewr Osmotic pressuve than the m,..smj Known solution , then
that uwnknown solution s calied ravog..n colutiesn but In case the Unknown solutkion
has meﬂu Osmotic pressuse it is called r&v&a&dﬁ..n solution.



— Fsom measusement of osmotic pressuse Van't

()

)
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\i\r Of O0SYNOTIC pressure (2 (Van't HoH's Theoty ot dilute

LSg & O

O‘ SojuthonNs v

Hoff obsesved that cevtain laws which ave obeyed
U& gases ave also o_ommmw _on,_ dilute solutions -
_.wlow%lm Van't Hok law .=

Pfeffex's ¥esults Indicate that the

osmotic pressuse of the Solution is divectly propovtional
to ts concentration.

_uonnxl,_\ll.lov

wheve = Osmotic pressuse

—u
¢ = concentration m moles pew litve
v

= Volume ofF solution nga*&i.dm L ™ol of solute

Py = Constant (at censtant T)

At constant tempevatuve, bthe product of Osmotic pressuve

(L

Ty Othey WOo¥ds
ond volume 1s constaant.”

This is mxonﬁ._m similax +o wom__m;m law o gases.
Pyvessuve tewpevature Law :»

If the covcentration of solution is kept the same, +the sswmotic pressure vavies divectly as
obsolute tempevatuve-

In othey wovrds,“ At constant yolume, the osmotic pressuse of solution is m..qmmﬁm pyopoxtional
ot obsolute ternpevatuve. PAT|-@) » This is similar o Charle's law fo gases.
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(i) (henexal FHMCET?J_J tOrF Solutioms . ?

— Fsom the above +two laws:-

n2|,_\| ond P& T

—u_xu,h\l OR Pv X T

Hence A — @
whe¥xe s = Solution constant

Equation @ s mxpnﬁu simwilax to mmjm.dnr, gos

equation and the value of

S Ao.owm. _.wdm-b.ﬁ.«sv Cowresponds about ﬁan:m_ with R obtained for gases.

V) Avogod o Vaw'r Hoty \aw:+

— Equal volumes of solutiens noiwocj._sm equal number of solute olecules, excext Same
osmotic pressure at same tempevature. This s similar to .P<O@.Dn_40,m law of mo_mmm.

- On the basis of Qgﬂo@oﬁm behavioux of Jdilute solutieons to mOmmm , Von't Hoff gove o
+5ﬁ0um of dilute solubhen ' 1285 c<colled Van't Hof{'s *YmOd& of dilute solutions.

i PRO«&.:D@ 1o this meo&.: The seolute Meolecules ' o diluke solukion _:Dm_ the sawme ,«M,m asS
i$ as anmo_ wd the dos molecules n a §as, the o0OSMokic pressuxe _um.Sm Of&o&cﬁ of ¢as

pressuse .



- Dnﬁodmmjm to Vant Hoff, dilute
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LAl )

solutien obey the mm.ﬁmqp_ gas equation.
U(” jum% ——— @

= Oswmotic pressuve

Volume in litexes

Solution constant (0:0821 litse-atm)
= Absoulte tempevatuve
n,= Numbew of woles of solure

- 0 €
U}

Fyom cquatien ©

g i
p= DNasrT oR P=cstT — & ﬁ nu||;
vV Vv
T+ Em._._@f.ﬁl of solute = W, &. C = molay concentsation
onwd wolarx mass of the solute = M, ofF the Solute
th N
en jN‘U 5
M2
ond eq. @ becomes
iu.w.ﬁ ivm.—-
- o ¥ ™M, = -
P v €y o 2 oV @
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Thus, Knowing the quawntities of W, , T,V and P, we con calculate the wvnolay
wass of solute.
macromoelecules. . |
Tn this method molasity is used instead of 5)0_9_1&_
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? |hexmo _...._\._ NAYMC

FeBIVATION 54 gelat\ o

LETWELCTY TNOIeculas A

)._ oo
¢ A

ana ¢« evat

™ poOInt

= A liquid stoxts _oo._:jm at the tempevature when ijts Vapour pressuye is equal to the Q¢04fmv7b«..n

pressure. But the vopous pyessuve of a liquid is lowesed by the addition of a mon - volatile
solute. Thewefose the Uo.__._jm point of a solution Must be higher than that of pure solvent.
In other wowrds, the boiling point of a solvent gets clevated by the addition of mon-volatile

selute to it.

— From Clausius- Clapeyyon's equakion for liquid vopoux equilibyium

In L ﬁ_||_|,.ﬂ - © i

B, R T,
whexse P, = Vapouw pressuve ol solution

_u.o = Vopouy pPressure of pure solvent
Tp = Bolling point of solution
Ty = m.o._f,m pont of pure solvent
R = Gas constant

D_._coﬁu Molar heat of <D.@ou._mn¢oj

Eq- © con be wrwitten as
Q

p° AH Te=Th

. At ol |G
P, = J.v.. To

B

Z

O
n_
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We Know that elevation n Uc,_:_:m point
DJle J-n_n”.l..ﬁlﬁ
Fors dilute solutiens e<levabion in To.__,.jm point S <mu& less

2z
4%% Te thexefoxe ._.ﬂﬁ_o =TS

So equation (@) becomes

DICQ? D.._..G
In ..ml.l = = T ©)

mm_ Raoult's law , we hove

ﬂ-Ol mv__ |
po,. =~ ~ *
mv_ P
0¥ L-— = 2¢ oy L = )-2
—u.o » au.o rA
o in _”u.o = An(1-de,) — @
|

Por dilute solution In(1-%3)a —%, 50 ecquotion @ becomes

In

o
P, °
-IIIva- = |U&N. oY Ln = U.Mhlnll. @



22, =
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Fromm equatien @ and &
OHvap ATe R 4.6

. o J & Tgm—
R T 3 ATo = "AHvep O

we Know “that

MNa .
L . for dilute solutians m,<<<n,)
= X 1 = : & \ 3
2 nA+N, . >¢a N, A
_ Wa Loheve
No. of wnoles of solute m,=-5= .~ wais Al S
No. of ™moles of solvent yu W W, = ‘™ass ofF solvent
. M, = olar 1nass of Solute
M, = Tholary mass of Solvent
Thevetore . sl.r..ﬁu v e, - Wy ™y —®
™M
fsom eq- © &+ D N
RTY WM
D._lv — - M. W S @
DI(P—v 2¥Y|
o* L
oY D.ﬂaﬂ -2 d = ll@
Le Mg W,
\V_l(nrm
Wheve Lo = latent heat of vapsuvisation per gvam of solvent = Ry
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If one wvwole of solute is dissolved n rocom of solvent *then

ﬁu.” . o= K and Eﬁ = __Ooomg

In +his case equabtion (&) becomes

P s
RTp
AT, =
e ©
The olal elevation censtant, Kk, of the solvent s gives as
Ky = & ~®(: 8Ty =Ke™ , \f m=1 Hen AT, =Kp)
® LeXI000 : S b

As o\l the quantities R, T¢" and Le ave constant ihen Kp is constant for a

given scolvent. |
Eq- (@) gives velation between wolal elevatien constant of- liquid , it heat of

vopoxisation and boiling point.
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adegivation ot Telation between "Moleculax wi gnt_andad JdepresSsiOn 1n_ free m;..ﬁ._; poinmt |-
- T h&mMN._Sm point of a substarce May be defined as the tempevatuve ot Which .;w_. solid
ond liquid Fowms have same vapoux pressuve . But the vopoux pressuse of a solvent is lowered
by the addition of mon-velatile solute. Thevefose the Jm,qmmkgm point of the solution will
always be lower than that of the pure solvent. Hence it can be Said that the h..mmu.:gm

point of +he solvent get depressed by the addition of a mmon- volatile solute to it.

— Considex cuvve BA (_solid = vopour cuwe) ond opply Clausius-

Clapeyron equation on this cuyxve
o
P OHsub | | °
.._,5 : = ﬁlltow T.
¢° R LT T © Pl
. 2
i P _  OHsub ﬁl Te-Ts ,\—I ) m
pe R .—.?ﬂ.m.u _m. i
- a “
whevse P, = Vapouw pressuye of solution at T, ” T _1
P® = Vopoux pvessure of pure solvent __?%n%:_:&xl

]
P® = Vapour pressuve of Solution at Tg

Tp = Freezing poOInt of solution
._.M = Fyeezing point of pure solvent

R = Gas constant
AMgyy = Molax heat of sublimation
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We know thot depression in hqmmu.__sw point

DJ.% -

o.l.l

T s

for dilute solution depyession In Tmm.N..:m point 1s very less

o

9 _ ap®
&% Yy Ty

So equotion (@ becomes

in

"

OAHsub . LT

ﬂuo

R

OP
\-

€

- Considers curvve DE C_.&F.& = Jopour nczﬂv anad O,qﬂ;a Clausius -

Clapeyvon equation on this curve

we know that

In

in

OTg = .._.Dh - T and Alh._.M = A.h.

in

P, OHvap | | _ %
- R Tm Lag &
_u_ - DICDm ﬁq |_.hoi ._l.m * — @
© R .__.P .ﬂha

Py

—

ﬂvo

OHvap ATS

R

o
LA

—®

Vapour pressure —»

Temperature /K —>
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For Solid= :nrcc.n_ equ libyium

on mc&mfﬁnﬁjm equation (&) ﬁu&j@

1 T
n lmh_l _  OHgub NZ.M _ _OHvap D...M
Pe P R TP R T
; RTy
P\° OH OT¢ B
An il_w - _u,Fm £ «© (v DMy = BHsug BMvap)
' ¥

m& Raoult's law , we have

_u_OI m_ o
. T &
Py P
o.ﬂ‘ .—l - — 2 g o.q \ - HI k
e e .
o n _”u_o = An(1-3e,) — ©)
|

Por dilute solution In(1-%,)x —%, so0 equation (3 becomes

m -
.Pﬁuﬁl_ow..ulvmn. o7 dn T_ = u.munlla
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From equatien (© and @)

.
AR ATE R
ot S fus . o OR D.ﬂnll.'b.l—x_lllum»ll@
R 4.h. biis
we Know +that
i na fov dilute solutions M, <<<n g
= (o} § 2. = 1 iure a] 2 )
" n+N3 2 n, m
_ Wa Wheve
No. of moles of solute M, = Mo wigig——. of solute
No - Oh meoles Dﬂ solvent 5.4.!..&% W, = YWYAsS ofF solwvent
- M, = olay Tass of solute
M, = Tolay mass of Solvent
Thesetove Wy iy,
- Mz o
2, = Ox g2, = e
- Wy < M, W, e
™M,
Fsem eq - @ L ©
r &
RTL WMy
iy R

2
- mN.—:ﬂD _\_..uw- ==
0¥ ATy e Mo, @

SHpus
....S_

Wheve Fb = latent heat of fusgion pe¥ gvam of solvent =
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If one wole of solute is dissolved in _,ooom of solvent then
M= —= =L and W, = 1000gm

In +his case equabven (12) becomes

OP
R

AT = B

P—.X._DOO

The olal depression constant, K of the solvent s gives as

_ORT e B | .
Xhl t_llhnlanlu.o...eﬁ Dn_l*...!x,_‘.g , VF = 1 Heen D.ﬂh....fhv
As all the guantities R, .ﬂnﬁ.P omd L; ave constant then K, 18 ik e
given solvent .
m@a gives vwelation between nolal depression constant of liquid , it heat of

Pusion and T\mnﬂ_:m point.



|

7 EXPCEITNE) yCal vy

I ETNOQ -

2axometysic Method '\~

=>

Etee g TNDIiNing
" 1] -

Learn Chemistry Online

o WV poly P TESSUTCE

measused the depvession ofF the ™Mewcuvy level.

This method is meithey practicable Mor¥ accuvate as lowesng of vapouy pressuve

has been too small.

Manometyic NMethod .=

which has low &m.:m.,.nm and low <O,D¢..:,nm.

Vacuum ..

TJosicelli
Raosometer

To vacuum
pump

e
§
i

¥
Vapour
pressure

L

YT T T AT T A e

- Rooult Yneasuved the ndividual vopour pressuse of a |jquid ond then the solution cm this ethoc
He intvoduced +he liquid O the solution inte Torvicellian vacuum of a bavometer tube and

— The vopour psessuse of a liquid o¥ solution <con be 005<_w5.:m3+_m detevmined with the help of
o Manometey. The bulb B is filled with liQuid or solution . The aix M the n%ﬁ.nﬁjm tube is
the wemoved with a vaccum pump. TF the stopclock is closed . the pressuve inside is
due only *o the Vvapoux ﬂ<0v0db¢5& from the solution o¥ liguid - This "Method is mm,:m,.d:m
used for aqueous solution. The manowmetyic |iquid con be meycury oF n-butyl phthalate

Mexcus N
Manometer
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Ustlalada ond Wwalkers' s _‘..,..._“ 'saiell me+hod E (na S )
— This appavatus centains +wo sets of bulbs - Dry air
s el &
@) set A (b) set B o =3
- Each set is weight mo.ﬂoﬂ..miu. A s\ow skream
of dvy air is then drvawn Um suction puwmp
thvough the set of two bulbs . At the ena of
opevation, two sets of bulbs ave veweighed- \ /
- - . + two Solution (Set A Solvent (Set B CaCl, U-Tube
From the loss of weight in monsmM%\.«Mn,_m _ n ( v_ | ent ( v_ _A_Emw.a |
i ¥ PY H
sets, the lowesing of vapow v_ 1 thee nwoght <1, LR rer——p
calculated:- The temp of- the aix, the solution W;) W) (W; +Wy)
and the solvent mMust be kept constant i.,,acmrqocw.
> Calcula ey
N Loss in  weight of set A, K6 W, K Ps O wheve Ps = Vapouwr pressuse of
Solution

Loss in  weight of set B, W, x P-Pc-)
on adding equations O ame @
Witw, « Ps+ P-Fs
0% Witw, < P — @
U._<...la,ja equation (@ rm_ @

P-Ps _ Wa @

P W,+W,
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" 4 EDQ,&Q&;_..@}A.. Om. .H...._G:__._m..” _FZ,.:_-; elevation:»

> ﬁ@d&.ﬁ.ﬁq&n.a Walke¥x Methed ' D re—

— This Tnethod was intvoduced by Lordsberge ¥ ond wodified Gm Walkes.

Appoxatus:-
— Appavatus consist of .ﬂo__oB._ﬁm pasts -
() An iZwery tube with o hole in i¥s side and mdbmﬁowm& m i
i A Vo,_:ﬁm flask which sends solvent Vo.pous into @4u.n_£b¢mn.
tube thvough Pfdowmrnn.m,hor bulb with seveval holes).
1) An outer tube which weceives hot solvent Vapous ISswing
fvorn the side -wole of the \nnex tube.
(v) A thevometes dmo,%sm t© 0-0LK .m:%,_jnm ‘m solvent or solutioy
in the Inner tube.
= Psoceduse >
Puse solvent is Kept in the m«oacowmn_ tube and vapouy of the same seolvent co:.:;m ina mm_x:‘%
£flask 15 passed into it. The Vapous causes the solvent (n the tube to boil G& its latent heat of
condensation. When the solvent starts .u.u.__._sm ond temperature becomes constant, it Fo.._,_sm
point \s Yecowded.
Now the supply of vapour is g?vododzm cut off ond a Em..dfﬁ paliet of +the solute
= m«%qnn_ into  the solvent in the inner tube. The solvent Vvapour is Dmnrwj allowed to pass

;docmf until +the @O___Jm _u.uwﬁnﬁl .O.w the solution s ¥eached and this is wvecovded-
The solvent vVopour is then cut off, theammomebey and yosehead vaised ouk of

Solution ,and the volume of +he solution ~ead.

Graduated
Tube

Hot Vapour
Jacket

Solvent or Solution

To Concenser
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= From the diffevence in the boiling points of solvent and solution, the moleculax weight of the
solute (M)con be Round out by using the expression.

xU X ZN.X 1000
.DJ-U x Z.r

M =

Wheve K= Molal elevation constant
AT,= Elevation n boiling point
W, = Weight of solvent

z

W, = Emmﬁfw of solute



Learn Chemistry Online

» Measusement ot boili .../rm_ TC nt elevation: =
(

— This method was developed _om Cottwell in |10 anad better than rDﬁmmgmmﬁ-gn:Am% Ynethod.
Appaxatus: » :

. .stbqnp.cm consist of .wo__o&_dm pasts:» :

@ A gvaduated vo.,:sm tube nOﬁﬂbg._ﬁm solvent ox solution.

iy A veflux condenser which wretuxs the vaporised solvent to
the Uo._:..m tube.

(%) A theswmometes umnn:dm to 0-01 k, énclosed In o m#omm hood -

(ivy A Swall inverted funnel with a Navxow stem which

Hood Tube
To Condense

Pump Tube

bsanches into three jets projecting at thexmometex bulb. | Inverted
. g unne
~ Balkmanm thexmometes :» Soiven! [N . ...
— It 1S o diffewential thexmowmetes. Tt Ts &mm._mﬁmn_ to measuve rene
small changes in tempeyatuse and Mot the tempevatuse itself. .—

Pryoceduse .- Heat

— Solvent is Kept in the _uo..:jm tube with o voanm_b._,: picce _N_.:om Mit. Tt is heated on a
smnall £lame ((micxo bummes) . As the solution starts Uo.__._jm . Selvent vapour Da_,m._«ﬁ feom
+he porcelain piece purmps the boiling liquid nto the Mawow stem. Thus o wmixture of solvent
Vapour ond boiling liquid is continuously Spiayed avound the the¥ymo meter bulb: The temp.

Soon becomes constant and the VO:._:m point of pure solvent is Yecosded.
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= Now a Wweighed pellet of the solute is added to the solvent and boiling point of +the
solution moted as the +tempervatugse lecomes w».moa&‘ AlsD, the volume of the Solution
in the boiling tube can be mMoted.

— The difevence of- Uo._:j.u tempevatuses of the solue and solvent gives +he elevation
of Uo..zﬁw point . Lonle nD_ﬁc_Qf_:& +he Moleculax EmmmSW of Solute, the yolume of solution
is converted wto mass by nultiplying with Ormﬁm._,.um of solvent at ts r..o._:._d point.



- Tt is Ritted up with stisver oand Beckmann's thesxmometer.
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leasurement o+ freezing poinT oCpr¥esSIoN

“.l. e KMAONMN < . ety _...1,..."\.)* - P

Thermometer

— This s most nc._n_m—m used method and m,_<mm sufficient accuwate
Yeswlts.

— The oppavatus consist of o big tube having a side tube forx N e Tube
?To&cn..ﬁm the solute.

Strirrer

Quter Tube
—The +ube 15 Filled with o. defimte weight of solvent , sulfficient

to dip the thewmometex bulb and s suspended in amnothes
outer tube wide ﬂjoc&r to pyovide sufficient Qir space
between them.

— This whole system is placed in an outex vessel contaiming TE&NNJM mixture whose tewp
is about s5° below the freezing point of the puve Solvent.

Freezing
Mixture

— The space between the two test tubes Sewves as an aiv jacket ond prewent dirvect heat

conduction and consequent super cooling -

- On _u_Do.,jm the 4ubes in the b«nmﬁ._& ixtuye +he temp of the solvent in the mner tube
gradually falls and due 1o supex cooling even goes below the twue T.mmﬁ..sm point of the solvent.
on ¥apid mixx__sm‘ howevey  the solid rnm._:h +o sepavat? ana Tevcusy .imm_m_ do%._m& n
the “‘hewmometer due to latent heat set Hroce amd .P.:a_& become w,r.mn_m_. The tempervature
is wmoted which is T..mm‘u.._am point of puse solvent-

— The pellet of known weight of solute is intvoduced In solvent amd freezng pont is detexmined
oS mumﬂolﬁm.
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— The diHexence n %SmN.::m points of sSolute and solvent is equal to &m—,,qmmm..gg n Pmmm._:m

point. By chmﬂéijm the values in the equation, the wnoleculax Cm,_m_,« of the solute can
be calculated -

This method carnmot be applied to insoluble o¥ wvod.:)&_& soluble substance.
— This nethod is ot opplicable *to volatile Substzmce.

— The concentvation of sSolution Must be very low-

— This Tnethod gives obmowmal value for substances which associate oy dissocate In
solution.
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of frveezing point depression:

> Rast's Camphoy methed :»
— This method is discovewed U& Rast vawv and is used +fo¥ the

moleculax Em,.mvwm of solutes which axe soluble in ™Molten
Camphos -

Id:m ,m..,mmn._s& nomj...o._wﬁqmmm._oﬁmgdmo_amm._qgﬂ.bjo,&._jbdm
theymometey can be used.
— Puve camphos is powdesed awnd intvoduced Into capillowy tube
hich s sealed ot ore end:- This is tied nho:& a thermovmeter
and heated in a glycerol bath. The wnelting point of camphow
is Yecovrded. Then a weighed amount of solute and camphor
(about jo times as Wmuch) Oove nelted In test tube with the
open end sealed. The solution of solute \n camphor is cooled
in aiv. Pfter solidification, the wixtuve is powdeved and
introduced nte a capillavy tube which s sealed. TIts melting point
Is secovded as before. The diffevence in welting point of cAmphov
ond +he wnixtuve, gives the depression of .mqmmn.__sm pont .

In nodewn practce , electyical heating apparatus is used for @ quick detesmimation of
Aﬁm_i.:& points of camphor as also the Mixtuwe.

The Trolal depvession Constavt of pure campho¥ is 40C. But since _D_oouo.rdu& camphor

™May ot be vewy puse, it 1s mecessay +o find the depression Constant v o pavticulax
gample of Camphoy Used.
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A/ . — - . .
» Measurement oF ogsmmotic p¥ressuse .

» Pfettex's methoa :»

= This method was developed UM Pfetfex's in 1817 to wmeasure
Osmotic pressuve of solution.

— A posous pot (A) noswﬁ..j._jm. Twembyane of Copreyw ﬂnadon amde
N its wall is cemented to a m_nmm tube (B) no.jgi.gm‘
solution and attached +o navnemetex (M).

— The po¥ous pot ie <ept n puvse Solvent: The osmotic pressuse
exested _um the solution is m,_emjt& the wamometer -

— The Yethod is of historvical intevest O.J_u and has been grven up.

- Disadvantoge!»
- The osmotic pressuse developed in dilute solution 1S gdm &1qu¢ and

- peymeable membyane used-
— Tt takes o long time to wegister the final osmotic pressuve.

buysts the sem -
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2 Measuyenent or OSMOTIC pressure

> Moyse and Fyazeys method >

— This Tnethod was developed by H-N.Mosse , TCW. Frazey and
ther collabosatows (1901-213).

— TThey preapased sophisticated sewipesmeable membyanes of
coppes fewocyanide by using an electxic cuwyvent. This ade
+he membranes ose tough owd they wese copable of
C;?Mﬁndnrsm st pressuses without ED_AD&.N’

— The appavatus has two chambers . Chamber 1 which has the
semipeymeable ynembrame deposited on s cwals is Fitted
with water. Tube 2 also filled @ith water. chambew & s
Lilled with Solution. When Osmosis begns | eolvent How From
1L to 3 increasing the rquomﬁoﬁn pressuse inn vessel 3. This r&mdomwoﬁn pressuse developed,
which 1s equal to OSmotic pressure, is Measured dn.._ a Ynanometer attached t© 4.




>

— This is Most simple , vapid and accurate ethod of gmnmcm_jm 3

— The oppavatus Consists ofF two concentyic tubes , the nnexw

-
W
din
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> Measusement ot osmotic W,u\p_....,.;..r_cr. >

Pressure
Pressure

Bewkley and Haztieys Method (1909):>
Q- = Gauge

osmotic psessurse. Tt is based on the fact that courntes pressuxe
opplied on the solution so as to prevent O0SMOSIS is & Ynheasure
of osmotic pyessuse.

one _om._sm thot of poscelam _an_cﬂ:m m._mnmdmnb__wﬁ n_m_uom..wmn— S e\ -
pexmeable Mmembryane of cCopper hﬂddon&n‘i_m%. N Ww's walls.
The two ends of the innew tube ove cCconnected to a no.v..:o.d
T on one side Ond n_«o_..._uwsm Punnel D on the other. The outer tube is made of gun metal
ond is Pitked Wwith avvangement fox applying definte pressuve.
In the Onnulay space between the tubes s introduced the solution whose osmotic pressure
is to be Measuved while the irmexr tube is Ffilled with water _uh Yheans oF m).\ovv._sm famnel
up to a definite level T in the copillazy ‘tube.

Due o 0smMOsis the watery o the inner tube tends +o pass inte +he solution which
5 indicated by the downward motion of the water menisus n the copillary tube 7. The
extewnal Pressure is applied on the splution t© prevent +the Flow of woter and ngmm@cmsi&
lowesing *he vneniscus. TThis pPressuse SO opplied is equol to osmotic pressuwe and is m_.qnn:u
™ easured by Weans of pressuve gouge ottached ‘o a piston.

Advan ?,,m es s

less Fime Yequived ) Due 4o less Styess thewe is no chance of SPWm burvst.

wﬂ.«mim»..f of solution Jdoes mot change n_f,«:om. wrea surement ond hence is wose accuwate.



~ Te U-tube has o semwi-peameable membrsome owvanged n

r vVieasuurement 2% ISTNOTIC DTYASSUTE >
A - 8
. [ - -~ - Protesn
Y EeCcTyOnC ogsymometey ' > acksson of
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density

An osmometer odapted For sapid Tneasuvement of osmotic
pvessu¥e using small volumes of sample was n_m.m,,.mﬁmm _orm.
Row and Abyvams in 1907.

Sami=
‘Dérmaable
mambrang

Solvent of
censty h_-

it oem B which holds the protein solution (savmple) above 1t
Wwhile the solubion lies bencoth it-

Axm ‘A’ also contains the same solvent . R T
In the hovizontal poxtion of +the +ube lies a vewy thw ﬂuruw.d«xhg WA Dyt con
foil which is conmmected Fuwthey o a echno -electyonic transducey n a civcui bt with a
wQ_z.Qdo«sm&mu. .

A contwolled Oi¥ pvessure s noﬁfscocm,._nq exerted on the protem solution.

When tap is closed , the systern if not in equilibyium  tries to attain t. The solyent passes
thyougth the wembyave ond the Yesulting pressuze chamges displaces the platinum Foil. This
is ndicated on the &Dzmggm&mq Scale.

If the system is m cqulib¥ium, vio deflection can be obseweved in the mﬁﬂcusaém#d.

The osmotic pressuwse cam be calculated by the ho:oS._sm Powmua —

Osmotic pressuse = P+ I_u_wl Hs P -H, Hg= Hight of colurmn M”.. mo_cmd... o.oocmu §HH.MH
. ) B Que to diflewence In suyiace \
e nfo_u_._mn_ -~ _Zo.ﬁm:: B - h mﬁ%nq_wdomm..j solution and solvent

I—ul Ir@fm of co\uwmn Oh —.vJ.DWQ.g above mewmbyame Tqb« Wn = n—ﬂfu.ﬁf.& O.ﬂ. v*O.Wﬂ.-’ seluthion and mO_—CDJ\R.
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' KEeVex¥:

— Conside¥ a solution sepavated fwom +he puve solvent cd &
semiperymeable ™embrame . Tf the p¥essuxe Q._.vﬁ__@m on +the
solution is morve than the osmotic pyessuxe , the solvent
will staxt h_oS._sm f¥yom the solution towowrds +the pure
Solvent. This phenomenon is known AS Yevesse OSMOSIS.
Revevse osmosis (Ro) technique 15 used for mmfn._sw

d¥inking wotey fyom the sea watev, vQ«ﬁnF_o.«_m in Gu
countries.

— The sea wate¥ s pumped into pressure Vessel Litted with
o Suitable Semipeymeable membzone (SPM). Under the

influence of high pressuve | water from seo water passes
out mr...ocmr the semipearmeable membaane.

— The vwate of flow of watev(Q,) thwough the SPM is given by -

~ (ar-AT) KA
QRw = s
AP = nydvaulic pressuse diffevential acyoss +the Mmembrane

AT = 0Osmotic pressure di Hfewvential acvoss the membrane

Kw= Ynembrame ﬂmbdsmpw..:rm_ coctHicent Wwater
A = membryame avea

§ = -nembyane thickness

Wheve

Pressure

Pure
water

Semipermeable
membrane

Revevyse OsMosisS

Pressure Semipermeable
vessel

membrane

,_
'

Brine Pure water

RO 4373..@50
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- Abmorymal molax mMmass:>
— When the moleculay mass detewmined by oy of the colligative propesties comes out to ha

)

diffezent thon the theovitically expected volue then the substance is said 4o show abnoymal
moleculax mass.

Since no._:.moi ve psopevties depend upon the muwmbex of paxticles (1nolecules ox ions) of the solute
In sowme cases wheve the splute associates gy dissociates 'n solubion, obnowvmal vesults ave
ocbta\ned-

AssOliation .

— Thexe oave Mony osganic solutes which In von- aqueous solution unde¥go association, ¢.e. two

0
<

o¥x Mmo¥e molecules ofF the solute associote +o Lovm a G._mmm... olecule . Thus, the 5:3%4
of effective wolecules or particles decreases ond, consequently, the no._,,&ﬁicm m.qo_umu.m..m.a
axe less than that calculated on the basis of m,.:m_m molecu\es.

Examples (1) Acetic acid In benzene
@) Chiovoacetic acid m napthalene

In such cases, oleculor asses of solutes will be Zmrmd than the tue
wolary Mmasses as Indicated GM their Ffowrmulae.

Thus . the yolox mass of acetic acid (cHycoon),in benzene, as detevmined Prom
ba.mmw._sm point depsession Js , 118 instead of 60. Tt appears, thevefore, thot wolecules of
acetic acaid exist Ea.um_m as (CHzCOO0H), when dissolved m  bemnzene.

Dissociaton .~

= Inorganic ocids, bases ond salts m Aqueous solution undeygo dissociation, thot is ,the

molecule byeak dowp nto positively and negotively charged (ons.
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— In such cases , the mumbexy of elfective pavticles Incveases and thevefore 00_:mo¢<m _uﬁovﬁﬁﬁ
axe nuch rwmsmd than those calculated on the kasis of undissociated w‘_am_m MTelecules.

Example :- Tn case obf K¢l n the aqueous solution, €ach olecule dissociates »dm.,ﬁ

’

two ons.
KCl =» KT+ €17

Thus the Mumbex of paxticle s becomes O_Oc_&_ﬁ the observed value of OO:ﬂmn_w.,,R
vd,o_umdwm is double than expected value and Molaxy Mass s halé of the expected

value .
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> von't Hoff factos:»

— Tn 1880, van't Hoff intvoduced o factew ¢, known as vant Hoff factow.
_ This fPactosx explains the extent of association ox dissociation.

Obsesved osmotic effect

Noxmal osmotic elffect

n..“

va.pouy

osmotic effect mMeans OOﬁ.,mDI<m pxopewties such as oswotic pressuve
pressure (owe¥ing , boiling point elevation ond freezing point depression.

sSince no:..mni,sm propesties ave ﬂ5<3.mn.m prxopovtional to 1Ynolax ass of solute ,
it follows +that
Nosmal ™Molax "™ass
Obsezved olar YNass

Total muwbew of moles oF porticles aftex association /dissocation
Total Mumbevy of ™oles of particles befose assocation /dissocation

— In case of association ¢ <1, e.g - Volue for acetic acid in benzene = 0§

— In @se of dissociation, & Wk c.g- — Value for keI solution = 2

— 1Inclusion of van't Hoff factor modifies the equation Fox no_:mam...fm peoperties as folowos -

() Relative lowering of vapour pressuve m.owp s
I \

&.“

ﬁ.”

() Elevation of vo._:sw point AT, = (kym
@) Depvession of fseezing point AT = ( K¢w

Y Osmotic pressuse of Selution pN2gt
< o » - - .
& no_:momcm pYoperties oxe applicable Pov Sosum,mn».qo_&*m Wwhich 4o not cs)mm...mo Qmmon_nTOs\m_umon_OTas.
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a8 alas | OCiacion 1 M LLTK v

By u_m@,nmm of dissociation is Meant +he fraction of the total mumber of Molecule which
dissociate, {.e. break nto simpler molecules o¥ 1ons.

Considey one mole of uwni-univalent m_mnTo_afm like potassium chiovide dissolved in a given
volume of watey.

Let , X be its n_mmdmm of dissociation: Then the mumber of wmoles of KRCI left
undissociated will be |-x. At the same time, & Moles of KK* jons and « Mmoles of

ci™ ions @il be pvoduced as shown below—
KC\ s et > —+ g i
- P oK
Thas +otal mumbey of "oles after dissociation = -+ &+ K = L+ K
. Obsexved osmotic effect 1+ X
Hence ( = " =
No¥mal osmotic ceffect 1

Since noz..m_bfcm properties ave .3<md.ﬂm_m_ 3%04#..%0_ +o the Mmolar mass of solute |
thevefoxe, van't Hok Factos is given by -

Novmal wWolax vmass 1+ &
(L = =

Obsevwsved Mola¥y 'wWass L

- rs.oco._jm the Obsewved molaxr mass, 4he o.mmamm of dissociation , ¥ con be momzm colculated .
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~ Example :- No¥mal Wnolar mass of kc = qnf.mm«jﬁ-_

cbse¥ywed Molaxy Tmass hrog %ﬂmﬂﬂ.ﬁm vO.:Dﬁ. n»m_.vdﬁmwwnuﬁv of kK¢cl= 38°1S @/Q)O_l__

No¥vrmal wmolox vmass L+ x
Obsevwved volar ‘mass 1
T14-5 m?o,\_
= |+

38-75 g mo)~

0 1-923= L+«
o¥ K = 1-923-L = 0-323

n - 1 3 5 =1 SN
VWCHBEC 7 ASSOQOCICATI1O]

— By degvee of association is wmeant the FPraction ofF the total number of "molecules
which combine to Ffowm gm&m« wolecules .
— Considex one mole o a solute dissolved in a @ij volume of a solvent.
Suppose M Simple wolecule combine Yo foam on associated molecule <<

nA = (A),
let , X be the degvee of association. Then,
The wumber of Unassociated Tmoles = 1-
The Mumbew of associated Ynoles = «/m

The mumber of effective moles = |_w+ o/n
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Obsewxved O0smotic effect L1—o +&/n

—

No¥vmal oasmotic effeck L

~
I

Hence

Since colligative pyoper ties ave ,5<m4nn_m propovtional +to the olay ™Mass of solute.
thevefoxe , van't Hotk factos is given by -
Noxmal wolax wass L- & + /0

n,ﬂ =

Obsewved ™olayr ‘wass

Thus by knowing M ond the obsevved oy mass, the degvee of association can
be calculated.

- Exomple:- Since acetic acid associates to foxm dimex hence
No. of woles befove association — L o
2 CHCOOH == nﬂImnoorvN
No- of wmoles after associakion - - & % /2

The Mumbex of unassociated oles = L-6 owd the mumbey oF associeted Moles = ® /2

The Mumbey of efective Moles = L-o + &/2
Nosmal "Molax oSS of acetic acd = mo&,:ao_._ onda obsewwed "olay WOSS ( rom _oo._:sw‘
point elevation is W78 g mol-
Go g mol-!
7-8 ¢ ™ol

= -+ on\u.
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X—%/2 = L-0-5L0
RATWV = 1-0-510
(L) = 0-49

A = 0.49%x2

L= 0.98



	B.Sc. III Year Physical Solutions Intro and types.pdf (p.1-2)
	B.Sc. III Year Physical solution concentrations.pdf (p.3-6)
	B.Sc. III Year Physical Vapour pressure of a liquid.pdf (p.7-9)
	B.Sc. III Year Physical Raoult's law.pdf (p.10-11)
	B.Sc. III Year Physical vapour pressure of ideal solutio.pdf (p.12)
	B.Sc. III Year Physical Ideal and non ideal solutions.pdf (p.13-16)
	B.Sc. III Year Physical Activity and Activity coefficien.pdf (p.17-19)
	B.Sc. III Year Physical Colligative prop of dilute sol.pdf (p.20-21)
	B.Sc. III Year Physical Relative lowering of vapour pres.pdf (p.22-23)
	B.Sc. III Year Physical Elevation of boiling point.pdf (p.24-26)
	B.Sc. III Year Physical Depression of freezing point.pdf (p.27-29)
	B.Sc. III Year Physical Osmosis.pdf (p.30-31)
	B.Sc. III Year Physical Osmotic pressure.pdf (p.32-33)
	B.Sc. III Year Physical Laws of Osmotic pressure.pdf (p.34-35)
	B.Sc. III Year Physical Mol weight from Osmotic pressure.pdf (p.36-37)
	B.Sc. III Year Physical Thermodynamics  elevation in bp.pdf (p.38-41)
	B.Sc. III Year Physical Thermodynamic depression of fp.pdf (p.42-46)
	B.Sc. III Year Physical Measurement of lowering of vp.pdf (p.47-48)
	B.Sc. III Year Physical colligative Landsberger Walker m.pdf (p.49-50)
	B.Sc. III Year Physical Colligative Cottrell method.pdf (p.51-52)
	B.Sc. III Year Physical Colligative Beckmann method.pdf (p.53-54)
	B.Sc. III Year Physical Rast's camphor method.pdf (p.55)
	B.Sc. III Year Physical Osmotic pressure Pfeffer's metho.pdf (p.56)
	B.Sc. III Year Physical osmotic Morse and frazer method.pdf (p.57)
	B.Sc. III Year Physical Osmotic Berkley and Hartley.pdf (p.58)
	B.Sc. III Year Physical Electronic osmometer.pdf (p.59)
	B.Sc. III Year Physical Reverse Osmosis.pdf (p.60)
	B.Sc. III Year Physical Abnormal molar mass.pdf (p.61-62)
	B.Sc. III Year Physical van't Hoff factor.pdf (p.63)
	B.Sc. III Year Physical degree of dissociation and assoc.pdf (p.64-67)

