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Solvtions

A solution is a hcmaoyenequs mixture o two or
more chemfca//y non—reacﬁ'ny substances whose

composition can be varied within cerfain limits.
Solvent - =otote component in laryer amount.
Solute : the comporent in smaller amount.

Bc'nary solution : orne solute 4+ one solvent.

Types of Solutions

L]

Based on the physical state of solute &

solvent, ) fypes ot solutions are possible

Gas in gas : air (02 4 A2 S5 ..)
Gas un Ifz : 02 in water, soda

Gas in sol : H2 in Pd y Pr

LI'Z in gas moisture n Qir

L."Z ”n h'z s alcoho! in water

Lig in sol : amalgam (Hﬁ in Na)
Sol in gas = camphor in air

Sol in /IZ : salt in water

OROOOOOOO

Sol In <ol - alloys (brass, bronze)

Most common type solid / lfzufd n h'Zufd.
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Concentration of Solutions

Concentration = amount of solute in a \gfl/en

* @
Zuanf’h‘y of solution / solvent. Several methods:

(/) Mass Percentage® (w/w)

w/w Y = (mass of solute / mass of soln) |x /00

<-e.4g. /0 f% fucose soln o 70 9 ﬂ/uco.se n
«-90 9 water (total OO g solnl.

(2) Volume P ercentage (v/v)

v/v % = (vol. of solute / wvol. of soln) x| /00

35“% v/v ag. ef'hylene ﬁlyccl : antifreeze in

car radiators ( Leezes at -/7.6 C /.

(3) Mass by Volume Cu/V)

w/M ‘% = (mass of solute / vol. soln) x 100

<c-vsed in medicine & pharmacy.

N

NMote : w/V depends on. temperature (V chanjes).
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Concentration Units (corif'd.)

(9) Parts per Million (ppm)

For very dilute solutions (frace amounts).

ppm = (mass solute / mass soln) x /0]

¢.9. Vol Vi ot dissolved 02 in /000 Kg sea

water = $.5 ppm. / ppm F- in a’r:hb(;}qﬂ

| water prevents ftooth c/ecay ;48 ppor causes

mottling. Pollotants in air also expressed in ppm.

(<) Mble Fraction (x) ’

- : <-mole Lracti
;= a /(A + nJ e

=

For binary mixture x 3

A

vsetul in relating P, V to composition
(Herrs Dalton's law, Racult's law).

-Ina’ependenf ok temperature. Mo units.
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Mola ﬂ'f'y & Molah'f':{

(6] Ma}arﬁy ()

*

Moles of solute dissolved per litre of solution.

g ) uin D c-omit ¢ mol/L

solute a1

Also M = (wy, x 1000) /) (M, x V mlL)

Drawbact depends on T (uo/ume.,g;. expands /

contracts with TJ. Hence AMOT f'emp—indepena’enf.

(7) Molality  (m)

“Moles of solute per a(y of Solvent.

solvent

Also  m = (wy x /000) ) (My x W, g)

B

Mass independent of T =7 molality is

temperature dheperelert independent.

Preterred in colh\'gahi/e property calcvlations.

Scanned with CamScanner

(Kﬁ) <-unit o mol / “(‘9



Date : Page :

Solved Example /

Q. Calculate molan’fy of solution cOnf'af'm'nﬁ

S_y MaOH in 950 mL of solution.

Solution

"z

o= a2 e 1l = 90 gl

Moles of AaOH =" < /) H0 = 0.725 ol
Volinie = 980 ml 7= 0:950 L

Usin\g‘ definition of molarity

M = (moles of solute) 1 Cusloinl)

= D2 ] DOy =" $D.278 mol/L

Final answer : = 0.273 i

Quitk check

N Rl Bests containe. O.278 mol = O.27¥ x 90
: e
= /i g naOH. 90 ml would contain

il 01 = =0 g Verified.
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Solved Example 2

| Q. A solution of 9Iucose in water IS /O% w/w.

Ca/culaf'e_mo/e Fraction of j/ucose and water.

Solution -

Take /00 9 ‘of solution.
Mass of ;9/ucose = JO 9 / mass of water = 90 9

6 /26

M of water (HZO) Zind o ﬁ/mol

M of 9lucose (CH O0) = 150 ﬂ/mol

n, = /0 / /80 = 0.0556 mol
90/ 1F = .00 ol

s gio=

Mole Fraction of ﬂlucose

X, = 00s¢ce J (00656 F .00

SOBOEEE Y 05 ThE = O

g = £ 7 0.0// = 0.959

o
S
t
5
>
X
fl

0.0/ ’ iy = 0.975%
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Solubility

Solubility = max amount of a substance that

dissolues in a ﬁiuen solvent at a SPeci@'ed AL

Depends on nature of solute / solvent,

temperature and pressure.

Solid in Liqw'd >
Saturated solution - solufe - dissolved solute

n dynam:t ezuflfbrfum w:'#h urdsotoeet dissolued  solute.

Solute (s) <= Solute in solution <-dyramic egm

Like "deSolueS like
polar solute  -- polar solvent ( AraCl - H20 )

non-polar -~ non-polar ' naphthalene - CeHe: )

E'ppecf of T

IF dissolution endothermic (delta H 70

solubih'fy increases with T ( K03 ).
IF exothermic (detta H < O)

solubflffy decreases with T ( Ce2(509)3 ).

Pressure neﬂl{g.rble etfect on solid Solubi'h'f\]/.
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Solvbility of Gas in Liguid

)

Sf'ronyly at+Fected by Temperature & Pressure.

Henry 's Law

At constant T, solvbility of a gas in a liguid

s o(frecf'ly proportional to its partial pres:u/re.

2ok = Henry's law

<-constant.

= partial pressore of gas above soln

x = mole fraction of ﬁas in Ssoln

Flot @ p % %

H{ghef KH
=7 flower
So/ubﬂff‘y

of 9as.

x (yas)
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Henr:/'.s Law - Applications

KH varies with T & gas nature

KH (yas) increases with 7T =7 So!ubt'lify

of 9as decreases with rise in T.

{ Azuaﬁc Iife prepers cold water - more
dissolved 02. ) '

Some KH valves ( 293 K )

Gas KH / «bar

He Vi i 5
H2 : 67./6

2 76.98

02 39.56

c02 ' 1.67  (kast KH, most soluble) -

Feal-life uses
@ Soda water . sealed at h{gh pico2.
@ Scuba divers He + 02 mix, not air,

to avoid the 'bends' (A2 bubbles in
plood on rapf'cf ascent/.
@ H{gh altitodes : low pOZ =7 aroxia.

Climbers sutter weaness (low 02 i»n blood).
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Solved Example 3

A

Q. A2 9as s bubbled through water at 292 Kk
If P nr) = 0957 bar, calclate moles of N2
dissolved in / L water. KH(A2) = T76.95 Ubar.

Solvution
'37 Henr\/'s law. 2 p = K 'x

X p2 j'P / KH
= 0957 ) (76950) = 129 » 1O

/

Sl watend ET/000 g =7 I00COIE = .o miol

X 0. / Mo (Since n &S ”Hzo)

2 N2

Koo =X, X NDip

= 99 e O e e

w2 = e O -9 mol

\/er7/ Iittle N2 dissolues at / atm in pure

water - lbecause KH(A2) s h{gh.
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Vapour Pressure - Raocult's Law

Vapour . Pressure (VP)

Pressure exerted bs/ vapour n ezw'h'bn'um with

its I:'Zuid at-a jiveh temperature.

Raovlt's Law ( lig-lig solution)

For a solution of volatile I:'Zw'd_f, the partial
VP of each component s direcﬂy proportional

to its mole Ffraction in the solution.

e »» Pt t <-p* =
R o Pgic P tike i

<-pure

87/ Dalton's law of partial pressures

//

VE &f

component

*

o Bk t
Pitar = Pa t Pz = P, X, + pg xg

bl
s
\

X

Since x

Shar * e
Pow = Py (B B S

=7 p_total varies linearly with xB.
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VP vs Mole Fraction Plot

-

For an ideal binar7f solution

vp
:.p/-l*
p__total
P
e

pB*

xA=/ xA=0

xB3=0 : e xB=/

;::o!e fraction (xB) -7

All three plots are STRALGHT lires for .an
ideal solution (abey: FRaoult's law over all

compositions and at all temperatures).
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Ideal & Mon-ideal Solutions

Ideal Solution

Obeys Raocult's law for ‘ALL compositions and

all temperatures. Conditions

e 4= p_ A% x A and b = o BT x B
@ detta__rmix H = O (no heat chanﬁe)

@ detta_rix V. = O (no vol. chahye)

@ £lA-A) = F(B-B) = F(A-I)

Examples : n-hexane 1 n-heptane
benzene + toluene

ccly + Sicly (chlorides)

NMon-ideal Solution

Does AT obey Faocvlt's law.
F>(A-B) ?= F(/—?'A), F(B-3) iy shows deviation.

- Two types
l@ + ve dev : F(A-B) < F(A-A), F(B-B)

| VP higher than predicted by Faocult's law.
@ - wve dev ; F(A-B) 7'F(A—A), F(B-B)

VF lower than predfd’ed by Raoult's law.
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Deviation Plots

(a) Positive Deviation

Examples

ethano! + acefone

ccry + coHeo
.\/P p__total

CS2 + acetone

EtOH + H20

@
H- bondt'nﬂ In pure

ethano! breads =7

= b= >
s xG=/ more vapours.

(b) MNegative Deviation

Examples
CHCIZ + acetore
Her + H20

Ha0z + H20

MNMew H-bond btwn

p__total v *
cHciz & cHz-c0-cH3

=7 VP lowered.

xA=/ xB=/
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Azeotropes
szw'd mixtures that distill at a  constant
boflfnj, temperature without chanye "
composition (vapour & h'zuid have same xJ).
Cannot be Separaf'eo( by Simple distillation.
Two «inds
@ Minimmum BP ..+ ve deviation sy stems
e.g. E+OH + H20 at ‘75"."79/0 E+OH boils
ar BE /s K (< both pure componenfs).
@ Maxirmum BF - wve deviation systems
e.9. HAM03 (65%) + H20 boils at 373.6 K
( 7 both pure components ).
Summary Table
Type VP detta H delta - V Azeotrope
Ideal Faoult O O n;)ne
+  dev h{gher 5 A 20 Min-BFP
- dev lower P ) e ) Max -3 FP

VEn
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Solid Solute in Liguid Solvent

Non-volatile solute does AT contribute to VP.

\

So p__solution = p/ = p/* x/ (Racult)

where / = solvent ; nron-vol. solute {27 has pl. = .0

Relative Lowering of VP i

VP of solvent in solution < VP of pure solvent.

W : = <—depend.s anly on
(P/ P/) / £y =) <-x2 (co!!{gaf'r've)

Derivation

B = p®x = pf’ ( - xz)\

Bl =P o ox

ol s p) ) o=k ‘

For dilute solution (n2 << nll

x n / n, = (WZ/MZ) / (w//l//).'

2 2

=7 (/O/*é s P)/P/* = (wz M) / (Mz “’)_

Allows molar mass determination of solute. A
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Colligative Properties

Properties of dilute solutions that depend
ONMLY on the number of solute particls,
and AOT on their nature.

| Four colligative properties
@ [elative /Oaueﬂ'r)ﬂ ot VF
@ Elevation of boi/inﬁ point

@ Depression of ﬁreezthﬂ point
@ Osmotic pressure

(2) Elevation of BP

BFP of solvent rises when a nron-volatile

solute s added. delta [T b ='Tb = Tur.
..' 5
dH—a 7' = <-Kbo = molal BF
£ b Kb i <-elev. const.

Kb uvnits : K K9 / mol {or  C «g / mol).

b

K = (M 7% | lbee delta it

Ko (water) = 0.2 K «g/mol ; Ko (CeHe) = 2.573

Scanned with CamScanner



Date : Page : /¥

Depression of Freeth Point

FP of solvent lowers when a non-volatile

ks akled T D e

de!fa T; = K,c i <-KEf = molal FFP

< - depr. const.

Ke= (R M TF ) ) (OOC dita H, )

/

KE (water) = 71.56 K b{ﬁ/mo/ : -KP (CEHBY =2 ¢ /2

Phase diagram (4ualitative)

solid

lizwb[

/ atm

vapour

= = 7 i
T To® Tb

y T ..
Solution curve sits below pure solvent curve.
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Osmosis & Osmotic Pressure

Osmosis :  spontaneovs How of solvent
molecules +rom a pure solvent (or dilute
soln) to a concentrated soln fhrouyh a
semipermeable membrane (SPM).
.

Osmotic pressure. (pf') = extra pressvre that
must be apph'ed on the solution side to
JUST stop osmosis.

pii=C F F =(pn V] £ T o

< - ezu‘a tion

C = molar conc. (mol/L) /' Ko D020 L atm/mol K

T in Keluin ? pl in atm.

SP

solution

solvent (hf'ﬁ)h conc)
{low conc)

solvent How -7

h j;’ve_s'a measure of oSmotic pressure.

Scanned with CamScanner

/7



% Date : Page :

Osmosis - Terminology & Uses

Lsotonic, Hyper-, Hypofom'c

@ Isotonic : two soln of ezual Pl
€.9. - 0.9% waci &  blood plasma  at 200 K -

@ Hyperf'om'c s soln with h(gher Pr.

Water exits cell -7 shrinks (crenation).

@ Hypof'om'c ; soln with lower pi.

Water enters cell -7 bursts (haemolysfk).

[feverse Osmosis

¥ P__,applied 7 pi on the solution side,
solvent Hlows From solution -7 pure side.

Used in desotrreatiorr desalination of sea water.

Why pi is prefrred (not delta To /) T

G Maynifude ot Pl s /arje =7 measurable
even tor very dilute solutiong:

(i) Measvred at room T (unlike BP / FP).

Gir) Suitapble +or proteins, pofymers which

decompose at h{gh 15
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Solved Example 9

Q. /¥ 9 of ﬁlucose (C(oH/ZO(o) is dissolved in
./ K’y of water in a savcepan. At what T will
water boil at / atm 7 > Kb(HZO) = 072k Ky/mol.

Solution

>

6 /276

MCH 00 = 6(/2) + 120) + (/) = /50 g/mol
moles of 9Iucose = % )50 = 0 /0 mol

mass of solvent = / Ky

. m = 040 / /| = 0.JO mol /| 49

U.ﬂ'nj delta T_b = Ko x m

detta T .= 052 x 040 = DOg7 [

Boﬂ{nﬂ point of pure water = 272/ 0k

T b lson) = T2 o @OL) = 272720

o water boile af 27320 K . € 100056,
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Solved Example $

Q. /.00 9 of a non—elecfro!yf‘e solute dissolved
in <0 9 of benzenre lowers the FFP by Q.90 K
Kf(benzene) L TR G o Kﬁ/mol. Find M2,

*

Solution -

Use formula relah'ny delta T+ with A2

delta T, = K. = (0BG w) /] (M o)

2

M, = (K, x 1000 x w / (delta Tpk w)

Substitore ¢ KE = 202 n0 = 16D 9
delta T£ = 0.90, o= o 9-

M = (570 x /OO0 x 110D) J (090 x ¢0)

2

= /20 ] 20

a2 = 25‘69 / mol

Lf'b(ely LY s (¥ x 22 = 25"67.. Svlphur dissolves in' CoHe.

&
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Solved Example ©

Q. 200 <m3 of an agueouvs soln of a protein
contains /.26 9. of the protein. The osmotic
pressure of this soln at 300 Ksis2.67 x /O -3

bar. Calculate the molar mass of the protein.

Solution - .

pi = lw, BT/ G V)

=7 M, = (wz oyl / (p:’ V)
Convert units

w. = /2 9

Voo = 200 wmi = 0200 L

F = ODOVR: L var / sl K
7T = 200 Kk

pf.z 267 & /D por

s
fl

= (026 % B.0F% x 200) /| (2575 = 0200)

= 2191 ] (.19 % 1O7)

M bl 0w g /L ol

Typical For biomolecules. Osmotic method works.
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Apbnormal Molar Mass

Molar mass calcwlated +from a coll{gaﬂve
. property s the ' coll{gaﬁ've bar apparent

molar mass M2 (apparent).

If solute DISSOCIATES (e.9. MaCl, KCI)
# of particles 7 #H of formula units
observed delta T 7 calulated delta T
apparent M2 < trve M2

IL¥ solute ASSOCIATES Q'ﬁ' coHscO0H in CoHo)
# of pamﬁclei < # oiac Fformula  units
observed delta T < cakulated delta T
apparent M2 7 trve M2,

Van't HofF factor ()

i = (observed cb!!._prop) / (cale. coll. prop)

i = (eal. /1/72) / (observed _/l/fz)

i = (Mo, ofF particles after dissoc / assoc) / (Mo,

i ; dissocation 7 { <€ J o assouation.

Scanned with CamScanner

of particl



Date : Page : 24~

Modified Colligative Formvulas

fnc/ud&hﬂ Van't Hoff Lactor i -

*® ' o
(p, —p}/p*ZJX

delta . = i K m

delta 1

¥
ke
3

pt'Z:'C/\’T

Degree of dissoc / assoc ( alpha )

For dissoc - A liniizz 9, A (n = particles atter)

—_—

algha =6 - 1) ) 6 ool

For assoc n A -7 A_n (/ particle from n)

alpha = (/= /t') o) (o)) ..

Examples : ( (NacCl) 2 i (Dacl) 3
'y (CQH;COOH n Cbe) 0.5~ (dimer)
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.Solugd Example 7

Q 2 9 of benzoic aud (CoHsCO0H) s tdfssoh/ec/
in 25~ g of benzene which shows a depression in
FP of /.62 K. KRCeHe) = 9.9 K «g/mol.

Calculate i and deyree of association.

Solution

M (CHCOO0H) = /22 g / mol

f

n

(2. /. 7122) 5 (/BBO /) 25) = 0.65% mo//b(ﬂ
delta . (cald) = K,c o T R Ll 3..22 K

delta TF (obs) L e

FlsmeEg ) 3 99 o B DR

Since e =7 assocation (forms dfmer, n=2)
alpha = (/% i xn / ie o) =l i Oe0R) v / (z

=0y 097 0.9 gH9

/Vearly all benzoic acud dimerises in benzene.
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Sélved Example &

Q. Calculate the osmotic pressure at 300 K

27

of a O.OI0O M agueovs KC! solution. /Assume
complete dissociation. N = 00827 | afm/mol K.
Solution -

Kcl -7 K+ + CclI- 4 2 ions =7 =2

pI'Z.l'C/?T J

pi = 2 x D.0/OO x 0.082/ x 200
= 9 » BOIO0  295%

O0.9973 atm

f)

p: = O.973 atm

Compare with non—elecfrolyfe @/ucose) at same

C - pi= 0.29 atm. So KC/ ﬂa'ues

Becavse / mol KCI -7 2 mol particles.
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Chapter Summary

Key Formulae

M =5 ) M (L)

/: m=n/ W (v(y)
BN / (n, + ng
Henr'f sop =Ky x
Raoult - "p. = pf“e i

(p* - p)/p* = x, (rel. lower)
delta 1 = i K o
delta T = K
pic =2 i Ra
alphas s 32t = 70/ n = /)

O T R

Lmportant constants

Ko (H20) = 0.2 K_«g/mol

KF (H20) = /.86 K «g/mol

Ko (CoHe) = 2.3 K «g/mol

KF (CoHe) = .72 K «g/mol

R = 0.052/ L atm/(mol K) = 0.083/ L bar/(mol K)

Common p:'r-Palls

/. molarity changes with T ;  molality doesn't.

2, ﬁogef' Van't HofF i for elecf'r_olyf'e.s 4

3. mass of SOLVEAT in molality, not solution.
é’. R valves +or atm vs var diffr - chek units.

Scanned with CamScanner



