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_SOLUTIONS AND
COLLOIDS

@fﬁﬂe the basic terms used ipn solutions-

m Solution: (BISE Swat 2077)
A solution is a homogeneoys mixture

Solute:

“The .compan.'ent, present in lesser amount in solution s called solute-”

_ Solvent:

“The component present in gredter amount in the solution is called
solvent-" - | | o

Aqueous Sbluéién: .

“Aqua” meahs “water”- “The solution in which water is used as a sol-

7

Vent is called aqueous solution'” For example solution of sugar ./ NacCl

in waters ‘

Binary Solution: ‘ . | ST

“A solution which consists of only two components ./"e' one solute and
the' other solvent is called binary solution-"

Ternary Solution: . _ . S y
“A solution consists of three components ‘is called ternary solution-

'Onic or molecular /éye/'

General Properties of \‘Solubion: s ¥

" n solution, the solute particle size ranges from .0-7(7m - Tnm-
2 Solute particles ‘cannot be seen by. naked-eye*
2,

Solution s stable if it is not separated on standing-
T Y - K
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4> The solute particles canhot be separated by ordinary filtratiop
process-

5. Solution is composed of one phase — every sample of matter
with uniform propert/es and .a fixed composition is called phase:

6- -At a given temperature and pressure, the composition of solution

. ¢an be varied ‘to a maximum value upto the saturation value:

7- A solution does not allow a beam of light ‘to scatter (ix /)

wheti passed through it:

5uspenszon ,
“A heterogeneous m/xture of two or more than two substances is

" called a suspension-” . ,

Solute partlcle s size in Suspensmn s 9reater than 7000/ 10°nm-
Suspensions do not have uniform composition:’

In suspension solute particles can be seen with naked-eye:

Particles of solute cannot- pass through the pores of filter paper
and can be separated by filtration- , - |

If suspension is allowed to stand the soluf;e part/cles sett/e down
at the bottom “ '

6 5uspens:0ns can scatter light beam-

BN

9

Exam ple: Finely ground clay m/xed w;th water i-e- muddy water is an
example of suspension: ~

: Co//mds (BISE Mardan 2018, /Vlalakand 20718-19)

The name “colloid” was introduced by . Graham, (Greek: ko/a means

glue, eidos, like)-

7. Colloids are heterogeneous mixtures: The solute particles are
atoms or aggregate [group] of molecules

2 Particles size ranges from 1 - 1000nm- |

3+ Particles do not sebt/e‘ down on standing and cannot be separabed
by filtration:

& Co//oids scatter light beam when passed through it, this light
. scattering phenomenon is called Tyndal effect- |
5+ Particles cannot -be seen with naked-eyed:

Examples: Gum in water, milk, blood serum, salphur and starch in
water:

—
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/\/obe

507ube ‘and solvent terms [ term/nolog yl is used in solution while, dis-

pgrs_ed mediurm [instead of solute] and dispersion medium [instead o

glvent] is used in case of colloids-

iy
I

+ Solvent >

Solute : S
pispersed_medium + Dispersion medium —s

Solution
Colloid

Q2: Differentiate. between solutions, colloids and suspensions-
(BISE _Abbottabad 2076)

M Main differences betWeen solut/ons suspensrons and co//om’s are

g/veﬂ be/ow

g Solut:on

| It is homogeneous

Suspensmn

Heterogeneous

The particles are jons
or molecules:

The particles are ag-
gregates of molecules

Heterogeneous -

The particles are ej-
- macromolecules

ther

tween O-T-Tnm-

larger than 710°nm-

| or .atoms- or aggregates of mo-
' ; | | lecules- .
Particles ranges .be- | The particles size is| Particles size lies be- |

tween 7-10°nm-

Particles do not set-
tle down on standing:

Part/c/es sett/e out /-
down: ;

, Pdr‘_ticles do not set-

tle down on standing-

| Particles - readily pass

through filter ~paper
archment]

lPart/c/es do not pass\
through filter
[parchment]

paper

The: “particles  pass

slowly through filter
“| paper [parchment]

Particles are invisible

[ ——

-The particles are visi-

Particles are invisible

‘even ‘under powerful | ble  under microscope | under. ordinary micro-
microscope- or sometimes with ‘scope
| naked-eye-

Have uniform compo-
Sition throughout its

Do not have uniform

composition-

Do not have uriform
composition-

]

@"Plam hydrophilic and hydrophob/c substames
/—Igdroghlllc Substances: ‘

“water”,

Hydra” means

“philic”.

. means ‘//kmg or loving”-

/Vlo/ecules Form/ng ionic or hydroyen bond- wzth the water molecu/e are

S——
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said to be hydroplu//c These substances may be ionic compounds ,, d

»polar molecules like methyl alcohol [CH;OH]" These substances readly
dissolve in water: Water is polar in nature and hydrophilic substang,,

breakdown to be surrounded by water- If a molecule -is polar in natyp,
it will be hydrophilic: |

When water is used as d;spers;on medium and there exist an attractiy,
force between water molecules and the dispersed particles, the mole-
cules are called hydrophilic- o

The hydrophilic molecules containing colloids are very much stable, when

“such colloids  are precipitated, can be d/rect/y conVerted into colloidal

form: Therefore t‘:hese are called reVerSIb/e co//o:ds

- Hydrophoblc Mo/ecules

“Hydra” means “water” and “phobzc" means repe//er / Feanng
Non-polar molecules that repel the water molecules are hydrophobic in

“nature: If a mo/ecule or compound is non-polar in nature then it will

= be hydrophob/c in nature Examples oF hydrophob/c substances are al-

; ﬂ :

‘kanes, oils, fats and greasy substances*

When ‘water is used as dispersion - medium ard no atbractrve force exist
between- woter molecules and d/spersed part/c/es x‘:he dlspersed mole-
“cules are called: hydrophobic: 4 :

The colloids formed by - hydrophobic mo/ecu/es ‘are * less - stable Wheﬂ

‘these are- prer/p/tated they ‘cannot - be conVerbed into col/o/a'al form
TheSe are irreversible col/0/d5 e ‘ :

Q4: Explain the nature of solutlon in Ilqwd phase Y - O
(BISE Swat, Kohat 2079) " -

: GIB When a solid comes in contact with a suitable solvent, it d/sso/VeS

and form -a homoqeneous mixture called - solution- Solubility depends
upon the general rules “like dissolves' like"-

 Mechanism: | %

< In a solid solute, the particles are held together through fnbermo/ecular
~or interionic forces- When a. solute is put into a solvent, the mo/ecules :
- of solvent try to develop attractive Forces. with solute part/c/e-s [f the
_solute - solvent attraction is stronger than the solute - solute  av”

tract‘/"on' then the solute will be dissolved in- solvent and if these. forces

;—/
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e weaker then the solyte Will remain un-dissolved-

polar solutes can Only-be‘d/'SSO/Ved
olvent attraction is enough (L}K)
action- For example: solubility of

pe dissolved in non-pojgr solvents b
vion is weaker and

in polar solvents because the solute-
Vo weaken the solute - solute at-

NaC/ i water- Po/arf solutes cannot
ecause the solute - solvent attrac-

Is unable ¢, dissolve the solid solute jons, e'g- Call, .

in benzene:

_ established between solute and solvent
mple: naphthalene in water | |
However non-polar :solute_s can on
because the'qttractive forces
than the attractive forces

molecules: For exaq

ly be dissolved in non-polar solvents,
found in" molecules of solute is weaker

in solute - solvent mole- | . IR o) L
. ' ) o "o 1 HE @i H— 0O <— He0O oo, al’
cules: Sodium chloride [ionic | "% P A Sl Osenll g
compound]  have strong in- |~ H | H gzl l i
terionic  attractive . forces Solvent-solvent , Sblv\en‘t-Solv,ent .
e 4 Arein GOl Lo N attraction - | - attraction
cannot be /ssolved./p non- | e O Sc;ltjttrg-c:s‘t?é%te Solute-solvent
polar - solvents _ |like ether, ' L : attraction

benzene and acetone- It js because 't
and liquid molecules are ‘weaker:

@5: Explain various types of solutions of liquidafb,-ll'qu/'d- K
Solutions of liquids in liquids are classified into three classes:

X Completely miscible liquids ' A |

X Cofnp/ete/y‘ immiscible liquids

N Partially miscible liquids -
L_Completely miscible Liquids: Vol e ‘
Liguids WG, mivi up- with each other in all proportions and form .
hombgé};eoag mixture are called completely miscible liquids-

% EEE . L e
O Water and ethyl alcohol [ Cg/’lsOH]
2: Ether and alcohol - 4 '

Benzene and toluene .
. ,
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lly similar in their ¢
et ol o yboth water and ethyl alcohol are polar and

. ample: the molecules of

contain ~OH groups that give rise to hydrogen bonding a

> During the formation of such
absorb-

hem/ca/ structures: For ex-

mong them-

solutions, heat may either evolve or

> The volume of such solutions is less or more than the sum of vo-

lumes of two. components:

> Components of these solutions are usually separated by Fract:ona/

d/stlllat/on process:

2. Completely Immiscible Liquids: :
quwds which -do not._ dissolve into each other at any proport/ons are

called pract/ca//y or completely /mm/sable l/qu/ds

) Examgle
7+ Water and benzene

- 2-_Water and carbon d/sulph/de - C5
3-  Water and carbon tetrach/or/de [ CCIa]

3: Partially /)'hsc:ble Liquids:

L/qu/ds which mix up into each other upto a l/m:ted extent (»O are
called. partially miscible liquids- For example: :

- Water and ether system
Water - phenol system
Water - analine system .
Water - nicotine system

@%ww$

Water - trimethyl amine system

"~ 1-_Water. - Ether System:

~ Ether dissolves water upto T-
2% and water dissolves ether
upto 6:5% If we mix them
in greater . proportion " than
this we will find that they
'w;;// separate into -;‘:'wb’ layers:
Eac/j layer is ‘the - saturated
solution of the other liquid-

Separating funnel =

Ether [solvent]
Water (1-2%) solute

Water {solvent]

Ether (6.5%) solute

Such solutions are called con-
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jugate solutions: The mutual

_ solubility of these conjugate solutions s
affected bY change in temperqg ' |

ture: '

'Z,,/;.Pﬁ_eﬂ_d;%jer S‘Q't‘em: It is an interesting example .of partially

miscible liquids- (When ye MiX equal volume of ‘water and phenol, then
two' layers are formed- Ty, Upper layer is a solution of phenol in wa-
ter It has lower density- The beneath (£)/ lower layer is a solution

ro e . layer and phenol moves from e
 layer At 65-9C, the twy ‘ | '

partially miscible liquids  be-
come completely miscible and
form a homogeneous mixtyre-

Water Isolvent]

Y SRS — Phenol [solute]

It is called upper consulate | phenol [solvent] ¢t 5 o
‘temperature (UCT) or criti- Water [solute] 0%0°
cal - solution temperature - |
(CST)- - This homogeneous
Mixture contains 34% phehol |
and 66% water- The temper- - A O . SR e
ature at which the two conjugate . solutions merge / mix into ope
anbthér is called critical so/utibh témperature- For 'ex\amp/e:'65-‘9°/o 3.
‘U,[?)"pen cansu];te'tempembure- for phgznol - water “sysf';em- 167¢C° s up-
- per consulate temperature for water - analine system with 15% water
d 85% analine: S N |
Co;)g'ugai‘;e Sblubions.' The two solutions formed by -.mutua/ solubility
" Of tuwo. partially miscible liquids into fach 'olther are ca/@d conjugate so- -
lutions. SoAEE |

@ﬁhe ‘solub‘ilib'y-,. What factors affe?t SO/Ubi/_{'ZQZOIG) ‘
g N 9. 2071,17, BISE Abbottaba & _
Solublht " (ETEH"-ZO ’ red to saturate 700 grams of .
%-’ “The amount oF'sqllfbe ,/7 ZIUI::/UI?I'//'W'” i
olvent qt 4 given temperature I5 ca» e L

~
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Explanation:

. external pressure

Mass of solute in _gralmns . ;50
Mass of solvent in graims

Solubility =

The solubility of NaCl in (e s 35-79 at 0C’- When a solute is add-

. ed to a solvent, the following changes occur:
7 Particles from the surface of the solid solute separate and ‘go in-

to the solution- This process is called dissolution

2 Some of the particles of the dissolved solute deposit back on the

surface of the solid- This is called precipitation-

3 If the solid is present .in excess, the rate of ionization becomes
equal to the rabe of crysta///zat/on Thus a dynam/c equ;//br/um is
establ/shed 5 . '

50/,d [solute] ———= d)'ssa/,ved[so'/qtg]

Factors ﬁfrecbmq 50/ublllby

[-_Nature of Solute and Solvent: There is a genera/ ru/e that “like

dissolve like” It means that" solute and sc)IVent oF the same nature
will be soluble with each other- . :

- » Polar solute is soluble ‘in polar solvent-
> lonic solute is soluble in ‘polar solvent-
> Non-polar solute is soluble in non-polar solvent-

. Different solutes have different solubilities in the same solvent and the

solub///ty of the same soluté’ varies in d/FFerenb solvents- At 20C
700 grams of water dissolve: 71929 /\/H /\/0
700 grams of water dissolve: 6-59 HqCl,
_ 100 grams of water d/ssolve &4 x 70 g HgB’r
At 200’ :
700 ‘grams ethyl alcohol dissolves: 3 ‘89 NH, /\/0
700 grams ethyl alcoho/ d/$$0/Ves 47-69 HgC/

2. Pressure: Pressure has no effect. on the
uids* Generally so/ubllfty of gases m a l/qu/d

solub/ln‘:y of solids and lia"

increases w;th increase i

 Henry’s Law:

“At a constant temperature the s.o/ubil/’by"of a'gas ,-5 a liguid is drs

e
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. rectly proportional to the exbefnal pressure above it-” In cold dr/ﬁks
such as Pepsi, CO, gas is dissolved in water under 3-5 atm pressure in
g sealed bottle: When the bottle s opened, the external pressure A

duces to 1-atm again- As a result solubility of the gas decreases and
the excess of CO, escape from the solution with effervescence:

- 3-_Temperature:

. The solubility of a solid in a liquid usually increases

with increase in Cemperature: However there are some exceptions:

> Solubility . of KNO; and AL(50,); increases with increase in tem-
.perature- \ - ) PASERNEE -

» Solubility of Ce(S50,); and LfZCO3 decreases with increase in term-
perature- ’ ‘ . BRI ' »

> Solubility of NaCl. almost kemains'Cbnstbnt- oS o)
> Zolubility of Na,50,-10H,0 ificreases upto 32:4¢° and- further de-
creases with rise in.temperatare- It is because below 32-4¢C, it s
in the form .of decahydrate and above 32-4¢, it.is in anhydrous
form- 10 moles of water [TOH,0] = 70 x 18 = 180grams, water is

’ Vrjemoved-'_’ g o SR
Substance Solubilitylinl grams per<100 grams. of water - |
|- KNO, LZoc s biyoer _20¢ | 30c | 4oc -260¢
7% [ 73:3 )+ 20:9 -| 316 458 | 639 | 855
AL(50,),1 312 | 335 | 364 | w04 | 461 52.2
AGNO, | 122 | 170 | 222 | 300 | 376 455
| Naci 357 | 358 | .36 | 363 366 37
| Ce(50,), | 2075 | - | 1008 | 679 | - | 4a7
Li€o, | 154 | 143 -| 133 | 125 | 17 165 |
NS0, [ . SO .9 7 9K 2408 (%88 q4e.7

- Solubility and Heat of Solution: o N\ y ‘
e s N G B ol evolved or absorbed when one mole of solute js
_ dl.SSO/Ved in Sa/V&ﬂt to pr_'epar:e‘ sqburated solution is called heat of so-
/ui:ion-"’~ e s N T ¢ y : L
¥ The ¢ hange in solubility with temperature is closely related v, the
' heat of solution* =~ f : A b -~ . A ;
D% e ‘temperature of solution increases, the heat is evolved and
" therefore heat of solution- is- negative: . QN . ’
> If the tempe};ature decreases then the heat of solution_ is posi= .. &

e




| Nayab Chemlstrg Notes — 1*' Year - V Solutions & Colloids =

t:ve, and the solubility of solute will increase with incregse )
" temperature: When the heat of solution is negative then the X
lubility of solute decreases with increase in temperature:

For silver nitrate heat of solution is positive:

Hg/\fOs() + H,0 —— AgNO; ..., AH = +ive [endotherm,c]

For lithium carbonate, heat of solution is negatIVe
Li,CO, ., + H0. -——e——>solut/on, AH =~-ive [exotherm/c]

3(s)

Q7: Explain concentration units in detail- , :

Zk5 Concentration of Solution: ( BISE Swat 2019)
“The amount of solute present in a given amount of solvent or soly--

tion is called concenbrat/on of a solution’

number of moles n
Concentratlan_— =C=—
" volume of solution TV

éreater the amount of solute present in a solution, the higher would

" be its concentration and vice versa The concentration of a solution

can be expressed in d/FFerent ways, reFerred as concentrat/on units:
I- Percentaqe Campos:tlon (BISE Kohat 2019)

~ number of grams of solute dissolved in suf-

ficient “amount of solvent to make 7004 OF s O
~ solution* For example: 10% solution of glu- | e
. cose by mass means that 70 gram of glucose | '- " 10g - -
are . d/ssoIVed in suFF cient water so that so- | :G|UC°59
lution mass becomes equal to 100 grams- ‘ L S ]
m,, _  Mass of solute _ bedgrans -
—é : - x100 " .
m Volume of solution —

The percentage of a solution can be expressed by four ways:
(i) Percentage by Mass [m/m%]/ Mass-MWass Percentaqg It is the

(ii) Mass by Yolume Percenta ﬁq_e—>[m/v"/z 1% is the mass of solut®
dissolved per 100 parts by volume of solution- For example: 10 9" ar

of NaOH dissolved per 7100cm’ [mL] of solut/on is 70% msv solut
of NaOH-

ﬁ‘% _ /}’lass oF solute
V. Vo/ume of" so/ut/on

x700
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(iii) Volume by Mass Percenty
. [mL] of a solute d[ssolv.gdper 7

00 grams of
solution: If we dissolve 10cm?

[mL] of alco-
ass of solution
it is 10% v/m solution

hol in water and the total m
is 100 grams, then

g—k’[\/:/gg_;/al: It is the number of crm?

—————

-----

—————

-----

-----

-----

“of alcohol in watep.
v
m

100mL Alcohol

X

- Yolume of solute
Mass of sO/ution

X100

(iv) .Volume by Vélume Percenb\age—zol.v/v%z: It

is the VO/_leg of solute present per 100em® [mL] QT C 100mL
of the solution: For example: 10cn® of alcohol is | [
dissolved in water so t'hat‘ _thé-&o/ume of solution o2t g
is 7100ecm® [mL]- It is»'70.% /v solution of alcoho| 2 §§§
" in water- , : ' ' . e Ve
| K%, '= Volume ‘oF SO/L_‘lt-ef." X700 ; i::éor:%l:
v _Vo/umg of solution e

2 Molarity [M]: (ETEA: 2010-12,75-
“The number of moles of s
is called molarity-*

79, BISE Malakand 2079)
ved in a dm?® [ litre] of solution
Molarity [m] :,; No: of moles of so/ute' o us i

Volume of solution in dm?
- Mass of solute

olute djssol

M = -

Molar .mass of solute x volume of solution in dm?3
P " mass of solute R\ -
‘ As No: of moles = -

-molar mass of solute -

&eparabioh of T-Molar Sugar Solu‘f:ion: o
If one mole of solute is dissolved to make one litre s
called  7-molar solution-

olution,
For' example: * one molar solution ¢ s

Gy 220y contains one mole [342 9fams] of sugar per drT73 of solu
It can b Préparé d by putting 342 grams sugar in one litre Volumet i,
flask and then by add)'ng water,” first to dissolve and then dilute p,

‘ < 4 S . » : k. .
solution until the solution reaches the mark».on the ﬁasl_

it is
ugar,
tion-

—
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3 /nolaln‘:y [m]: (ETEA: 2005, 770 8)
“The number of moles of solute present in one

called molality-"
> [t is another concentration umt of solution:

kilogram of solvent j,.

> It is repreSented by small “m”
No- of mo/es of so/uf;e

“Molallby (m) = Mass of solvent in kg

Mass of solute

‘= /Plo/ai- n‘msié’_af solute x k(’/o,giram of solvent

Molal 5olublan :
“Solution ~having one mole oF salut:e in ‘each k//agram oF solvent is

 called one molal solution*” i
7- . When 58-5 grams /\/aCI is dlssolved in 70009 or 7kg Of water the

- solution will be 7—mala/

2. When 180 9rams of 9Iucase is d/ssa/ved in 7kg water, the solution

. will be T-molal*
'3+ When 18 grams of glucose s - d/ssOIVed in 7kg of solvznb the salu-

tion will be 0 Y: mo/al A
_ /ﬂa/a//tg is Indegendem‘: of Temgerature *
4-5 grams of glucose are d:ssalved in 700 grams water- Calculate
the molaln';y of the solutmn Malar mass aF glucose is 180 gramS'
‘-permol S ) N L T € s
/ Solution: o b O A S " ‘

Mass of so/ute [ 9/ucose] 4 5 grams

Mass of sOIVenf: [water] =100 grams

700
/}’Iassaf'wtrnk——-o
ater in kg = 7006.” 91

: /_}40/ar mqss of glucose = 180g-mol’
'_'FormuYa' used: |

Mass of solute

| Mo/ar mass of solute X mass of solvent in kg
o LA RAREEL i S [o 25 mol-ky
Y 7809 mo/ x0- 7k9 | S ]

mi=




.\
@ab Chemlstry Notes — 1t Yeqr

Solutions & Colloids — 363

| A samp/e /1as s

olution that contains 90 grams of sodium
_ ch/orlde [Nacl]- W/mt is the

molar/i;y of that solution?

5o/ut/on

Volume of so/utzon = 3:50dm?

Mass -of solute [/\/aC/] 90 9rams
.._/}’Iolar/ty of so/ut/on

-~ Molar mass of Nac| = 23 + 355 = 5859 mof’

Mo/a}'/'ty_, = T Madss of solute
Ll eSS Molar mass oF solute X vo/ume of so/utlon in dm
| 90 TN
m = s 00" - ,_Ofé‘_4 mo/-dm

58 5 4-mol” x3.50dm® 20475

PRACTICE. PROBLEMITO: 2

What is the molallty oF a salutlon contammg 78‘2 grams /—/C/ and 250
grams water? .

. Solution:

/Mo/a/n‘:y (m) =

Mass of solute [HC/] = 782 grams : _,
Molar mass of HCl = 7 + 355 = - 36- -5¢- mof’ B

'/l’lass of solvent [ water] =250 grams

250
= =0 250k
/Z’lass oF so/\/ent in kg 1000 . 9

- Mass of solute

/nolar mass oF solute x mass of solvent in k9
sz 182 Sy

36 5/ -mol” x O 250k9 9:125

‘ —Molal Solution: -
n_1-Molar_and 1-o »
‘7C°’"PT‘;"’50” buenbtW:; solute in one mo/ar a”d 0’73 molal so/ut/on OF PR
I+ The amo

substance is. the same:

2 The amount of so/Vent in 7—
vent in 7-molar solution

3- One: mo/a/ solution is dilu

4 Molality is independent o

ture depeﬂd ent:

e

. - m—=

—
-—

moilal solution: is greater than the sol-

te as éampared tolone' mo/ar solution-
F .temp'eratu;*e and molarity .is tempera-
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4- Mole_Fraction [X]: ( B'/SE Mardan 2018)
Mole fraction 'is defined as “the ratio of the number of mo/ps of one

component to the total number of moles of all components present jp

the so/ut:on

It is denoted by X If “n,” is the number of moles of solvent and
nb” is the number oF moles of soluté, “X,” is the mole fraction of
solvent and “X,” is the male Fractlon of so/ute, then total number of

- éé

moles = ny = =\ <4 Ay

Mole Fractzon of solvem‘: = X = -
L .
Mole fraction of solute = X, = 77—

The sum of the mole. fractions of all the components of a solution is
always equal-to T- i ' o

XX =Dy

n.. n +n n
b = 'a : b = T

= 7

/}’lo/e fraction is mdependent of temperature: Concentrat/ons of -more
than one sa/ute can eas:ly be expressed by this method-

EXAMPLE 10:2:

A solution. contains 20 males oF alcohol and 3- maIes of‘ water: |
| Caleulate mole Fracb:on of alcohol and water
 Solution:

Number of moles of a/cbf:ol = '-'2‘ mo/es
| Number of moles of water = nH 0' = 3 moles

e

—

Total number of moles = n,},c il RN, =243 =5 moles
Mole Fractzon oF F)/cahol = X = ,? :

Ale

- Mole Fractton of /—/ O X

Mole fraction of water = X = e E - [06]

H0

As the sum of mole fractions of a/l camponents in a solution is alwtf’

equal to T, 50
__/
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( " 1
Xﬁ/c+XH20=‘%+NL“£:.£+§_5_[7]
T n 5 5_§~

T

5. Parts Per Million [ppm]:

e b
num r
The er of parts by mass/volume of a solute present in million

parts by mass/volume of a solution is cal
ppm = million’ = 7000000 ;an/ed parts per million [ppm]

iR Mass or volume of solute
PP /}/] ‘X 706
. ass or volume of solution
1 ,;—;;m is used for solutions having very low concentrat/on of solute:
2. e amount of pollutant gases in air are expressed in PP’”

[ExamPLE 10:3:

Sea water contain 5 65 x 703 gram of d:ssoIVed oxygen per kilo-
| gram of salut/on' Calculabe the concentration of oxygen in ppm in

sea water- D N B TR
Solution: S ST D
 Mass of so/ute [d/ssa/ved axygen] St 65 X 70 g
" Mass of solution =.Tkg = 70009 = 7039 |
Concentration of solution in ppm =
o _—_’ Mass of solute 'X‘mg_
- Mass of solution

'.'.Ppm' 5650’;70 9x706:>565x70 X107 x706—[5-65ppm]

"5 Parts Per Billion [ppbl: S N .
“The number . of parts [by- rnass or volume] of a solute per 'bi///'on

- parts [by mass or Va/ume] of the solution is called parts per billion-”
Parts per billion are used For very /ess~ concentrated solution /- low

Concentratlon of solution-
mass or volume 0
me of sa/ubmn

£ so/ube X710° -

- ppb =
"7 mass or volu

' m/xture of various gases: If Scrm’

A 2dm® gas cylmder contealﬂs a
ture: Calculate the cancentrat/on

|of H, gas is present in this mix |

Of H, gas in parts per pillion [pPbI-

e —
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50/ub:on :
Volume of solute [H, gas] Sem’
Volume of solution = 2dm’ = 20005m

Concentration of H, gas, in ppb =
volume of H, [solute] < 70°

volume of solution
3 ‘
ppb = —2M__ x70° = 0-0025 x10°
| 2000cm’. e o s
= 25x70'3x709_—_> (2-5x706p_pb).. |
7. Parts Per Trillion {pptl: |
“The number of parts [by. mass or . vo/ume] of a solute per trillion

ppb =

parts [by mass or volume] of the solution is called parts per trillion-"
'Parts per trillion is used for.further lower concentration of solution:

. PP_t':.’ mass or: volume of solute X107

- mass’ or volume oF so/utlon

Q8 Define and explain Roult’s law- Explain the Followmg
(i) The salutlon of valatlle salute and solvent [both components are
. volatile]- OGN i -

(ii) Non-volatile and non-electrolyte solute in volat//e solvent:

B Roult’s Law: (ETEA: 2010-12, Kohat 2018)

Statement: “The ~partial vapours pressure of any vblat/le component‘
of a solution is equal to the vapours, pressure- of .the pure component
multiplied. by the mole Fract/on of that component in solution-"(OR)

~“The. vapours pressure of solut/on is d/rect/y proportlona/ to the mole
- fraction of solvent-” |

- Explanation: It means that ‘higher the proportion of solvent in a solu
~ tion, higher will be the vapour pressure of solution: ‘A pure SOIVent has
. a specific vapour pressure at a given temperature-

- ©

When a solid solute dissolves: in a so/w:nt, it chanhges the vapour pres
Sure of solvent and similar effect is observed when a liquid solute

dissolved in a //qwd solvent: /—/owever, there is major difference, 4 sofid
" solute is usually non- vo/ab//e while a I/qwd solute s vo/at//e For exam

ple: if we analyze the vapours abov.e a sugar solut,on in Water we will
find - only water vapours: The vapours above a solution of etthall"
[ethy/ a/cohol] and water a/ways contam both water and ethaﬂo 50}'




.l

- Consider an /deal solutzon of two liguids “H” —
- “B"-According to Roult’s law, partial vapour pressure | .. <V

of both components “/—?" and “B’.’ is g/ven_‘by, ; : " ‘

i ent (A) - f oo & 1p
pressures, .OF. compon ™ ( ) _ T=Constant - .
and component (B)- - 5 L /TN ) 4 © DT ==~ Ps
E PT = >P\ﬂ+ PB " ; -' . ‘ - ——"P_\‘n\—“\,-—'—v'--.: ‘l”,
e 0 0 : e K i pn ,‘::" y . . l',o
PT '_ EH Xﬁ T PB;XB ' : ; g *\\P,\ ) Pn'/'
| S — i (I) ' L ' ' ‘\‘\ "4'/
Putting the values, we know | Y
that the Sum OF the mole ’ . - "" ‘ ‘ \ss~~
fractions is equa/ to one, so . - W : S :
: : I . . &
X + XB ' B B K >3 <— Composition — 0
ThereFore X ( 7-Xg) | %—=0 C : !

Puttmg the va/ue oF X,q in equ-

Mg_b_(_:hemistrg Notes = 1* Year ‘ | Solutions & Colloids - 36‘J

solutions can be c/ass:F ed on the basis oF hature of solute into two
cabegorles

1. The solution of volatile so/ute and vo/at/le solvent:-
2. The so/ut/on of non-volatile and

non-electrolyte solute in volatile
- solvent- ‘ |

|deal_Solutions:

“Solutions which obey Roult’s law are called
matically Roult’ s law can be wr/tten as;

P =PX

,P = vapours pressure of volatile componem‘:
P = vapours pressure of pure componem‘:
"X Mo/e fractiofi of component in so/ut/on

ideal solutions:” ‘Mathef ,

18 50/utlons OF Volatlle Solute and Volatile Solvent: :

and -

PA= P X
- PB = P"X | ‘ T T T T
R vapour pressure oF pure component it ~|eo o 'o

F. = vapour pressure of pure component “E” B N ph
- X, = mole fraction oF component “A” .- N b oO )
- Xz = -mole Fract/on of component “B”

. Applying Da/ton s law of part/a/ pressure, vapour pressure oF so/ut/on is
equal to the sum of the partial
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P = P/;U'Xs)""p;’\/s

P. = P ABX, + F;X
Re-arrangmg the above equab/on and takmg X common

= (Po Pa) X A Po

This equat/on shows that when Xg = O then Xﬁ =
It means pure component “A” is ,present and Ptm, becomes equal to
- P? and if X, = O, then Xg = 7, then pure component “B” is present

and P,,.,. becomes equal to Py

The graph shows variation of total pressure [solid /me/unbroken line]

and partial vapour pressure of components [dotted lines] of solution
with changes in concentration of both A and B components At any

concentration, the total pressure is the sum. of partial pressures of

~ two components:

2-- Non-Volatile and Non-Electrolybe 50/ute ln Volatile 50/vent
(ETEA: 2078 ) ‘

Non-electrolytes are ‘those substqnces which: do not d/ssocmte into pos-
itive and negative ions in water x ) :
Let we have a salutlan of two components A 'and “5’” Component
“A"" s solvent with mole fraction X,- Component “B” is solute with

“mole fraction X,- P° is the vapour pressure of pure solvent and P is
the vapour pressure of solution-

According to Roult’s law, the vapour pressure of solut/on is~ directly

proport/onal to the mole: fraction OF solvent, so
P o« X~

P= pe X, R 1) 4
Since mole fraction of solvent (X,) in any solution is less than unity,

S0 vapour pressure of solution (P) is always less than vapour pressure
- of pure solvent (P’)

------

100mL -

| ‘ 100mL
txl A . solution pure
. [solute + solvent] solvent

.......
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consequently (&), a solute in 4 solvent tends to lower the vapour

pressure of tne pure solvent- If the solute js non-volatile it does not
Imnbr/bube to the total Vapour pressure and hence equation (i) gives .
the total vapour pressure aboye the solution, which in this case is due

to solvent only and s always less than P°- the change [lowering] of
yapour pressure AP is, | |

Solutions & Colloids f?@i”

AP = P° - P (ii) ' L
putting the value of “pP» from equation ( i) into equation (i)

AP = P - PoX, | - o

AP = P X,) Taking P° as common

AP =P¥ X, ‘ (i) AsX+ X, = 1, X, RI~- X
According to equation (iii), the lowering [decrease] of vapour pressure
of solution depends both on vapour pressure of pure solvent and the
mole fraction of solute in solution- It means, it depends on the nature
of solvent and the concentration of ‘solute and not on the nature of

solute: If. we consider the relative lowering of vapour pressure i-e- the
ratio AP/P*, then from equation (iii), '

AP x v [P lled with P*
B = X, &y F (v) is. cancelled wi I

It shows that relative lowering of vapour preséure;bf the solution de-
pends only -on the mole fraction of solute and is completely indepen-
“dent of either the nature of solute or solvent: [t is also independent -
of temperature:

Q9: Define colligative . properties- Name the colligative  properties of
dilute -solution- | ' : ’

Definition: - - : | |
: “Physiéal PI‘OP;' i 1mole urea . 1mole 1mole
. / ; | I : : glucose | . | sucrose
erties  of solu- | 60 grams | |
t. ‘o X . . ‘ e . . ¢ ¢,°o ] ‘1/0
on, which de =T h q ‘ Z 80g oo 342g°
Pends upon the | | water -0 e o6 K
" 1K = ° S e 0 ° °
Mumber  of " so- e Aad '
lute particles P =0c* FP=-1.86C°  FP=-186C" FP=-1.86c"
A . BP=100C°  B.P=100.52C° B.P=100.52C" B.P = 100.52¢"
and do not de- .B.P=100C ‘
e —— - - »
=t —4—*< 4 e
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pends upon their nature and structure are called colligative prop,,.

: t/es

It means that when the same number of particles of d/FFerent solubes
are dissolved in the same amount of solvent: The same physical effec;
is produced- Some of the colligative properties are as:

7. Lowering of vapour pressure

2+ Elevation in boiling point (AT,)

3 Depression in freezing pamt (AT, )

g Osmotic . pressure

Q10: Explain lowering of vapour pressure:

i m Lowering of Vapour. Pressure: (Swat + Kohat Boards) |
Definition: “The decrease in the vapour pressure of a solvent due to the
addition of non-volat:le solute is called lower/ng of vapour pressure

EXpIanat/on A soIVent has a definite vapour pressure at a given tem-
perature: When a nan-vo/at:lle solute is d/ssolved in it, its vapour pres
sure decreases: The lowering of vapour pressure js directly proportion
to the amount of' solute dlssoIVed Let . the vapoure pressure of pure
solvent = P ’ ' '

> Vapour pressure of solut:on P

> Lowering of vapour pressure of solution = P - P |

> Relative lowing of vapour pressure of solution as compared to

PRV

Pt (
,Hccordmg to Roult’s law, the vapour pressure oF solution is directly
pmpart:onal to. the mole fraction of solvent: 50,

, pure solvent =

P X, .
P "POXI . " (’) As X; i X2 A
P =P(T-X;) S (7—X)
RN x,
‘ pe
Subtractmg both szdes From 7, we 9et
p .
I-F = 7-.(7-X2)
I AR

L APy 1+ X,
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PR | B
B ()

gquation (ii) is the mathematical form of Roult’s law- [t states that

phe relative lowering of vapour pressure of solution is equal to the

mole .Fr‘athOO of solute present in the solution- We know that,

b 2
gt = et
mThy
Sp equation (ii) becomes,

PP-P _AP . n

={ = 2

S X T (i)

P P° -+ s o o '
Equation (iii) - represent»_aoot_h‘er form of Roult’s‘ law- As we know
that, | | i RV : |

‘—‘Wl' WZ:
n' Wy == and n —"—== 0,
R w 3 ,_mz
APQZ My A s N
Py o EIRET
m, m,

For a very dilute solution n, < < < m; therefore (n, +n,) = n, thus

W%}’I can be neg/ect_ed from the dominator so equation (iv) can be :

2
written as, =
AP w,+M,
P w, =M, |
AP _ w, M, o @ )
P Myw, '

Equation'-( v) can be used' to calculate molecular mass of the dissolved
substance, if relative lowering of vapour pressure and the definite
'wéig‘ht of solute in a given amount of solvent are known:

|Q77: Define and explain elevation_in_boiling point [ebullioscopy] “AT,”

m Elevation in_Boiling_Point [AT,]: (ETEA: 20718)

' ‘ ' oili ‘nt of a solvent due to +
Definition: “The increase i1 the boiling poi e

addition of a non-volatile solute is called elevation in boiling poing-*

i —
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Explanation: A solvem‘: bo:ls when its 'vapour pressure becomes eqyq 3
atmospheric pressure: Since the addition of non-volatile solute to 4
solvent decreases its vapour pressure, therefore its boiling point s,
It means that a solution boils at higher temperature than the pyp,
solvent: The increase in bozlmg point of a solution depends upon ¢y,
number of solute part/c/es in a solution and nature of the solvent but
do not depends upon the nature of solute particles: |

Thus one mole of glucose and one mo/e of sugar dissolved in Tkg of sof-
vent causes the same elevation in  boiling pomt of water which s
0-52¢C°-

In simple words T-molal solution

of glucose and T-molal solution

of sucrose  both boils  at

- 700-52C°+ Consider the diagram,

in which the vapour pressure of
the solvent and- solution “is plot-

ted agamst temperature e 3

T
=~

< Al >

— V.Pressure - o

The: upper curve AB is For pure .
solvent and lower curve €D is | - To— T T
for solution - Let the solvent ’
and solution boils when their vapour pressure becomes equal to the
external pressure “P°”- This occurs for a solvent at lower temperature
(T,) and for solution at . high temperature ( T,)- . The reason . is that
the solution has lower vapour pressure than the solvent-

The. elevation in boiling .point of a solution (AT,,) is d/rect/y propor

tional to the molarity of the solution- ,
AT, «m

AT, = K,m —— (0.

Kb = molal boiling point constant / ebullioscopic constant+ The eleVd
tion in boiling point that occurs when one mole of the non-volatile 50
lute s dissolved in Tkg solvent /s called molal boiling point constant or
ebu///ascop/c constant.
Molal boiling point constant for water = 0:52¢°
Molal boiling point constant for CCl, = 5:02¢°
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Molality of solution is given by:

Q2 - Mass of solute (grams)
- Molar mass of solute x mass of solvent .in grams / 7000
y .
= b _ W, x7000 g
My xw, /1000~ " "y —(

‘putting the values of molality from equation (ii) into (i)

AT = K, - -7000
/}’72 w,
_ K, rw,-7000 -
M, = AT, - w, _ ‘ '. (m)

Equation (ii) is- used to calculate mo/ar mass of the so/ute The unit
of “K,” is C+kg-mol™-

[exampLE 10-5)

The boiling point of 50 grams of carbon tetrachlande € CCI,, ) was
raised by O-402K when 0-51264 of naphbha/ene e malar mass =

1289-mol’) was d/ssolved in it Calculate bhe ebullloscaplc constant
for~"CCl;": :

Solution:
- Mass of CCl, = w; = 509

Mass of aaphthalene = w, = 0:57269

Molar mass of naphthalene = M, = 7289 mol ety
~ Elevation in boiling point = AT, = 07402/4 »
'Ebulil'oscapi; constant = K, =% s

Formula used;

- -1000
AT, = K We 1990
5 g . w]
.K _ AT, w, M,
b w1000 .
e 0-402K - 504 -1289-mol”
g 0-5726 4 -1000.
K, = 9728 _ [5.02/<-g-ma/"] '

5726
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QT12: Define and explain depression in freezing point of solution [ZT‘F]j 7
(ETEA: 2011, BISE Swat 2077, Abbottabad + Bannu Boards) N
' m Depression in_Freezing ' '
Point _[Cryoscopy]:
Definition: “The difference
between the freezing point
Of the pure solvent and so-
lution is called the depres-
sion in freezing point-"”

—><

Pure Solvent

w Vapour Pressure

o
n
=]
==
)
b=
~t

------------- Solution
Freezing . point is the tem- | a1y k-Qé__).Freezing |

: E . . e A " : 4 Temprature
per‘ature 7at Wthh a IIqUId L ) : : Dep;?ession _

and its solid phase have the'

same vapour pressire: li/hen

T Ty . - Temperature

- some _amount of solute js dissolved in a solvent, vapour pressure of
the. solvent decreases so solution freezes at lower temperature than

‘the pure solvent- As this property depends upon the number of solute
particles, so T-mole of glucose, 7-

mole sugar and T-mole urea dissolved
in _7kg solvent (water) in separate containers, produce the same de-
pression in- Ffeez’ing poiht, which is 1-86¢°- ‘ h
In" the -given diagram, ‘vapour

pressure is plotted. against . temperature:
- The curve “ABC”

is for solvent- At point “B” the liquid solvent and
“solid 'solvent .'hav_e the 'sqme, vapour pressure “P’”: Thus the ‘solvent
freezes at te-mp'eratui-e T, The curve “DEC” is for solution- [& meets
‘the curve “BC” [curve of frozen solvent] at “E”- This is the point
Where. vapour pressure of the solution and solid solvent are equal and
the solution freezes- | e i e ) . L. LYY . .
Since P <. P, therefore the solution freezes at q lower temperature
T, Depression in freezing point is denoted by AT,

_ ’AT,r = F-P of solvent - F-P. of solution
" The depres;ian in freezing point is directly proportional to the molality
~ of solution (m)- - - , ‘
AT, cm o ¥
ATp=Km _ Q& - '

KF = molal freezing point constant / cryoscopic constant- The depres
- " e ; p 0 ‘/
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on in freezing oint ¢
i P hat occurs when one mole of a solute is dis-

sOIVed in Tkg of solvent is called molal Freezmg point constant: We
know that,

. Mass of solute (9rams)
_Molar mass of solute x mass of solvent in grams / 1000
w, _, W, 1000
m,-w, / 7000 M- w,

m:

(i)

m =

Now put'ting the value of “m” in equdtion (i) from equation (ii), we

geb,
—ATF __,: Kf-wz'-7000 |
_ :/}42 "W, .
. Ko-w,-1000 -
W = : (i)
2 ATF .w,,v

Equation (iii) is ‘used to determine the molecular mass of solute-.

EXAMPLE 10:6' 8 |
lucose is dissolved in 100g of water and the

|If 3-60 grams of g
| freezing point depression . is found to be 0-372K- Calculate the|
molar mass_of glucose: Ke For water is T 86K kg-mol’- |

- Solution: | o | .
Weight of g/ucose = w, =
Weight of water = W; = 7009
Freezing point depression = AT, = O 372/<

 Molal freezing. point constant For water =
Molecular mass of glucose My

Formula used: |

K, = 1-86K-kg-mol’

.7000
AT, - W
Voo M, - w,
_ K. w, 1000 | . |
: AT, ‘W, ’ : _ .
M, = 1-86K-Kkg- -mol’ X 7000 x 3 505
= 0-372K x 1009 = .
[, = 180g-mol’]
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Q13: Explain aosmosis phenomenon and osmotic pressure: il

S ey

' E{u} Osmosis:
Definition: “The movement of solvent mo/ecu/es from high concentrg-

tion reg:on to lower concentratzon reg:on through a semi-permeable

membrane /s called osmosis*’

- Osmosis phenomenon was 1% obserVed and reported by Abbe Nellet .jn
7784 A membrane which allows the passage of solvent molecules only
and not the solute through it is called a semi-permeable membrane-

Osmosis also takes place when a . dilute solution is separated from g .
concentrated solution, the solvent molecules from dilute solution pass
through the membrane towards the concentrated solution region-

For low molecular mass solutes in water the best semi-permeable
membrane is a-film of copper ferrocyanide CusFe( CN)g*

For high mo/ecu/ar_~weight solutes in organic"so/vents the membranes
used, most frequently are thin films of either cellulose or cellulose ni-

. trate: - -

Experiment: il |

A semi-permeable 3 (AP v
metmbrane :i'e" eqqg . More conceht_rated K ent Less concentrated Osmotic
meribratie is tied Sgluitien. \\ :f : ke W pressure
- oVer the end of a | !

thistle funnel- [t C o A0
is then filled with e

a solution of sug- » ag - i

, emipermeable . Osmosis

ar and dipped n- { " membrane
A ,/

to a beaker con- =
taining water- The level of sugar solut/on is marked in the 9lass A
of thistle funnel- After sometimes the level of sugar solution pecor®”
higher in the glass tube: This occurs due to the movement of Wabe
molecules. from higher concentration region [beaker] to lower 0"
tration regioh [ thistle funnel]-

End Osmosis: | .
) : sl
“The flow of solvent molecules from the outside beaker w

|
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solution //7- t’/,HSt‘/e runnel through 4 semi-permeable membrane is called
end 0SsImosis-: '

gx-Osmosis / ReVerse Osmosjs-

..‘ g .
“The movement of water molecules from lower concentration region

[sugar solution] to higher concentration region [pure solvent] by apply-
ing external pressure is called reverse 0smosis /' ex-osmosis-" |

Osmotic Pressure:

Definition: “The mechanical pressure which

: must be applied on a solu- -
tion to prevent osmosis of solvent

into solution through a semi-
permeable membrane is called osmotic pressure of the solution:”

Explanation: Osmotic pressure is denoted by pi “wn": This pressure for

a given solution depends on a number of factors but s independent of
' the nature of membrane- PFEFFER experimentally proved that, at

constant temperature the osmotic pressure is directly proportional to
the concentration of solution-

% Concentration' [C]. = Osmotic Pressure [mmtlg] =

7 mol-dm™ 535 mmHg -
2 mol-dm™ . - 71076 mmHg
2-47 mol-dm™> = 1518 mmHg
& mol-dm , 2082 mmHg
6 mol-dm™ . 3075 mmHyg
Experiment: , p
Look at the figure, the closed charm- P"Sto[‘_l‘l“l I L

ber s divided by a semi—per‘meqb/e , & ARt T3 IEr T IT,

............
................

Membrane into two compartments: : LN ek

i Solutidn seen So"iéht .....

The lef compartmeﬂtr""q" is filled e AT LS

With the solution and the top apeﬂ; - I
' : : de - ,
Mg of the  compartment is proviaed : — o\,

With a moveable piston while the right comp arfbment f- o\ th.e
Pltre solvefb™ and. ibs moulh' is OPeEn to qtmosphere- hg SO/.Ven{; will
pass throug /'1 " sem/"Permeable membrane into t_he solution c?m_

S——
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‘partment due to osmosis and will push the piston upward: The upward
movement of the piston can be preVented by applying pressure on the
piston to keep it in the original position: |

“The pressure that must be applied on the solution in order to pre-
vent the osmosis is called osmotic pressure: 4

I two solutions have the same concentration on both s:des no osmo-
sis will occur and the solutions are said to be isotonic [havmg same

osmot/c pressure]

QT4: Write down the /mpacts (=13 of osmosis -on da:ly life:

7

N

/-

e m Impacts of Osmosis: (BISE Kohat 2018)

Osmosis process is used in many industries- <
The victims (#) of ship wreckage purify sea wai:er which has

very high concentrat;an of salbs, by reverse 0smosis to make it

drinkable-
By osmotic pressure the plant cell become turgld [swell W’] and

these turgid cells prowde support to weak parts of plant-

. Ascent of sap (7 46J¥) in plants from ‘roots to upper parts'
- takes place by ‘osmosis and. osmot/c pressure- '

Isotonic [same osmotic pressure] solutions have been prepared t0
prevent plasma/ys:s (LP ) [shrmkage of cytoplasm] and hemonSIS

f'[deF ciency of red blood cells]-- -
6.

The concept of osmotic pressure can be used to calculate molar
mass of substances, especially of polymers

The mineral water sold in market is purified by reverse-osmosis
process: ~

Q75 Explain_salvation process and water of crystallzzat:on j

Salvation Process: ( BISE D-| Khan 2017)
“The process during which solvent molecules surrounded and /nber"“5
with solute ions is called salvation-”

Hudratlan

“The process during “which water molecules surrounded and jrbera®t
with solute ions is called hydration-”

Explanation: If an ionic solute .is added to a polar solvent, tie‘f"/s’b/
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po/e of solvent molecule attracts
attracts the positive jop. In this

- This process is called salvatijop-

When an ionic. salt |ike KCl s
and Cl ions-

ions will be a't{;‘racted- by p

the negaiive icn and negative pole
way, the attractive forces between

added to water, it will /'oh/'ze into K’

ositive end of water molecules-

B e

4 \6/ "

E:oﬁ? ....... d: :
S

S,

i—ni*qﬁ“
................ +0
.50/ Iil
+0 & 43 S
~H H—0

lonic compounds are salvated by polaF'SOIVehbs'
7 non-polar solutes are salvated by non-polar soly
volved in case of non-polar solutes are Vander W

like water- However
ents- The forces in-
aal forces: The forces -

involved in case of poldr solvents are ion-dipole forces-.

| Water of 'nyfballizafion: .

“The number of water molecules which remain attached with the crys-

tals of a salt duh’ng its crystallization from aq

Called water of crystallization-”

HMate'd lons: , |
“The _ions surrounded by water

saturated solution - s

A

molecules are called hydrated jopns.*

The hydration of ions depends upon:

X Size of ions _
X Magnitude of charge

lons w/'t/; smaller size and high charge density are surrounded by more
Number of water molecules- Whenever an acid - base Neutralization

———

—t
b §
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reaction takes place salt and water are formed- In order to get solid

salt water s evaporated by heating: In some types of salts, spme of
the water molecules remain inside the salt crystals that is just q phys-
ical presence of water molecules and is called water of crystallization-

. Some salts absorb water molecules from the atmosphere if kept opep
and get hydrated-

Examples:

CuSOt,-S/—{éO:. Copper sulphdte pentahydrate; Neela thotha (BJ{};’)
CaS0,2H.,0: Calciutn sulphate dihydrate [qypsum]

- MgCly,-6H,0: Magnesium chloride h_exahydrate .
M350, 7H,0: Magnesium sulphate heptahydrate [Epsom]

vNa2C03~70H2_0: ‘50d‘ium carbonate decahydrate [ Wash/'ng soda]

The hydrates loses water molecules on heating and becomes anhydrous:

CuSO,5H,0 —Het Cus0, + 5H,0
(Hydrated form “blue”)

Q16: Uhat are colloids? Explain some important properties of colloids:

z Colloids: - - - | | |
A colloidal dispersion is a heterogeneous mixture in which one substance
is dispersed as very fine. particles in another substance: Here the terms

e and dispersion medjum are used instead of solute and

(Anhydrous form “colourless” )

dispersed. phas
solvent- -

I+ Colloids are heterogeneous in nature-

2:  Particles size ranges from 7 - 1000nm-

3. It is.intermediate between solution and susﬁension-
- 4+ Particles in colloids remain  suspended and do not settle down av
' the bottom at the bottom of mixture:-

5

These particles are visible only under high reso/Ving m/'croswp.e'
6 Particles pass slowly through filter paper-
Properties of Colloids:

- 'Optitdl Properties: As colloidal particles are /arge ebough so whenl
light is passed through co//aid;, these particles scqtter light -in all ¢
rections: This light scattering phenomenon is called Tyndal effect:- ThS

> |
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offect explains the Cail of comet (vA-is3) and blye colour of sky [blue
colour is scattered More]- )

_2;,5_&_0_—“’;’2[";(?71@#2@@}? [Zig-Zag movement =S7 )] The random
movement  of particles Suspended jn |
liquid or 4as' is called Br

owhian move- | ° oL ¥
ment: The colloidal partic/e

Q% es Mmove rap- o ' l - —‘g/
domly [zig-zag path]- The colloidal par-

T -© . ' r\
ticles are bombarded by the fast moy- 'e‘./ . :
ing particles of  the

medium and L—

S can be observed by an ultra micro-
scope- - . '

These filters 'ha\‘/e~Very small
and the process is called ultra-filtration-

4 Diﬁ'usibiliég; The size of cél/oidal particles s larger as 'c‘o-mpare’d'r to
| ¥ Sq/&t;’on so they have little power of dif'f'usiah' :
5-'-Co/our: The'.colo'qr of colloidal solution "depen'c_!vs 0N size and shape |
of co//o)'da/ particles and -the wavelength of scattered /_ight,"é'g- silver
sols with different particles size, show different colours- Sol js special
- term used for colloids-

§'lEFF'e'ct-‘:0F Temperature Change: It has been observed that
m;;;:;ure cb'a‘gu/af;e colloids- When an egg is bojled of -
fired, small colloidal 'Paftic/,es convert into a ’“’?’P (23) by‘ coagu(at/'on-
fooﬁing to su’nliéhﬁ may help Jellies set: Blood stains (tn) Mmuse. be
wd;shed from clothes with cold -water- Washing “.’"‘”’ g Water’. prot-ein
ma;b als lat aﬁd become -difficult to remove: By heat/ng ok,
erials coagulate Casein: protein present in milk]
“0agulation of casein in milk occurs: [Casein: p

I ¥ ; 07 )
3 E*P ain types of collo ds- (ETEH- 2017 ' —
5 Coll /clf re classified olﬂ two basis Basis of classification of colloids:
oids are cla |

\_ )
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R Components [Phys:cal stabe of matter]
Y Behaviour [Attractive or repulsive forces]

| (-a)' On the basis of physical state of dispersed phase and dispersion

‘medium colloids can be classifie jed into the following type.'

No- Dispersed "Dispersion ~ Special
Phase Medium Name

Gas™ Gas - . /mpaésib/e because form
el . _ homogeneous mixture
7 Gas t Li&{uid' | Foam _»5oap lather, soda - water,
' _ el ~Hie 'Froaz':h etc
2 | Gas | S%olid Solid form - | Cake, ‘bread, lava
'3 | Liguid Gas | Aerosol | mist, fog, c/ouds
4 Liquid~ | Liquid" Emulsion | Milk, cream, butter, oil in|
ol AV Sh AU L "o | water
5 .Lic{uid':_ Solid | Gel = . | Curd, chees, /e///es butter,
| ) SRTE. & Aodrs RIS .| shoe palish -
6 .| Solid - Gas - | Solid aerosol Smoke, .dust -
7 | olid | Liquid - |Sol - | Paint, ink |
& | Solid - | Solid Solid sol- | Alloys, coloured glass, gem
' ‘ AR | stone B0 0 3 T
Emulsion: S

" A mixture of two or more I/qu/ds that are normally /'rﬁmiscible / one is

present as droplets of microscopic size*

~ Aerosol: |
The dlspersmn of solid part/cles of microscopic sze in gaseous media

such as dust and smoke-
(b) Behawaur Towards Liquids: -
Dependmg on the force of attraction or repulsion between the dis

persed particles and dispersion medium - collozds may be:

LYOPHILIC AND LYOPHOBIC

-, Lyophilic Colloids:

“Lyo” means “liquid” and “philic” means “lover ~/ /,k,nge “Lyoph’/
means “liquid loving /' solvent attracting”: If the dispersion medluml
water then the term “hydrophilic is used- In hydrophilic colloids:

/

7+ Dispersed part/cles generally have same chem/ca/ nature as tha? of
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dispersion medium,  such as -

d OH group is Capa/:alerto form hydro-
gen bond- ‘

2. When such go//oids are ornce precip:’tatéd they can be directly re-
turned into the colloidal form- ‘
3 These are called reversible collojds-
. 4+ Examples are |[ass;,

gel, starch solution and rubber solution-

Lyophobic_Colloids:
:fLyof’ meqns “/I-qU!-df: aﬂd “PhObe” means “‘repe//er”'
~ phase particles has little or pno affinity for
such colloids are called lyophobic-

» Lyophobic means liquid fearing ‘/ solvent heating- '

» If water s used qs a solvent / dispersion medium then the
" term hydrophobic is used- : ; , ~ :

- No attractive force.
‘medium particles-

If the dispersed
the dispersion medium then

‘eXists 'bet’Ween dispersed phase and dispersion

2 'Hydrophobic / lyophobic colloids are less stable- :

3 If such colloids are once precipitated they cannot be directly re-

o covered into colloidal form and. are irreversible colloids- K
4. These are difficult to form and need a stabilizing agéh‘t-

5 Examples- are: sols of metals like silver and '

gold, sols of metal hy?.

droxides-

7 The particles of sols migrate | 7- The sol particles ;may‘ or may

towards anode or cdbhqde in an
electric field-

not migrate in an electric feld-

2: The solid obtained after eva-
" | Poration may be reconverted to
the sol by simply shaking them

2- The precipitated mass cannot
‘be brought back into the colloidal
_state .4by' simply  shaking them
with the dispersion medium-

| With the dispersion med/'um‘
| 3: These sols are reversible:

3- These are irreversible-

Y The surface tension of ‘the sol
is lower than that of the disp_erf
 Sion_medjum- ‘

4- The surface tension of the sol
is the same as that of the dis- |.
persr’bﬂ medium-

S The viscosity of sol is_higher

5. The viscosity of the sol is the

N —
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A : ' ' ' £ the dis el |
than that of the dispersion me- | same 4as that o ispersion

dium:
6- Examples are: gum, starch,
gelatin, rubber etc o

medium- =
‘6. Examples are: metal sulphide

sol and metals sols etc:

—

Q18: Define heat of solution- What . are its applications?

B Heat of Solution: (ETEA: 2018) |
Definition: “The amount of heat evolved or absorbed when a definite
is dissolved in excess of solvent is called heat of so-

amount - of solute

lution-" . Ee.
Explanation: If solid sodium hydroxide [NaOH] is dissolved in water the

temperature of water will rise” This is an exothermic process:

3 : ‘ y = - . |- -1
NaOH,, + H,0,,, ——— NaOH,,,, AH = -44-57kj-mol

When ammonium nitrate [NH4/\/03] is dissolved in water, temperature
of water decreases- This is an endothermic process: |

AH = +25-7kj-mol’

NHNO; ., + H,0., — /\_/H‘,/\/03(a;),

From the abové examples it becomes clear that heat is either_evolved
or absorbed during the process of solution formation: The dissolution”
‘process consists of three steps: |

1-_Breaking_of Solute - Solute Attraction:

This is an endothermic process and AH = positive-

This is an endothermic process [AH = posif;e]m

3 Resulting New Solvent - Solvent Attraction:
This is an” exothermic process [AH = negatj\/e]ﬁm

.The value of heat of solution is the net effect of these three heats
e the.a/gebfa/'c sum of these three heats- [f the amount of hea?
evolved is higher than the heat absorbed, the dissolution process il
be exothermic and vice versa- i |

In the gaseous state, the attractive forces betweep th.e N moleculé®.
are very weqk' Thus when gases are d/'séb/véd in a go/vgnt gthe solute
solute interaction has little effect So enér‘éy' is always e,VO/Ved'When
gas is dissolved in a solvent: It is because only the soB;ute ~ solvenl? i

teractions are operative:

4
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v.(a) Solvent

(¢c) Mixture :
2. >/f.7 ice cream, sugar js:

v (a) Solute

' (c¢) Solvent

3-  Elevation of bc)//mg point js q
(a) Hd'd/t/ve

(b) Solute
(d) Dispersed phase

(b)) Mixture
(d) None
property:'

(6) Constitute

v (c) Colligative (d) None \
4+ Change in enthalpy AL v 1S heat of solution which is:

v (a) Positive | (b) Negative

(¢) Zero :

J (d) May_be positive or negat/Ve -
5 Freezing point of solution as compared to the so/w:m‘: is,

(a) Higher (b)) Lower
(c) Variable | (d) Remains the same
6 Phenol - water system is the example of:
‘ (a) Completely miscible liquids
(b) Completely immiscible liquids
v (¢) Partially miscible llqwds

- (d) None |

7" Fog is an example of: |
(a) Solution v (b) Colloid
(¢) Suspension (d) Coarse mixture ~

S Which of the Fo//owmg solute would not form a so/ut/on i addea’
to water? .

2 (@) KR J(b) CH,  (¢o) HCl (d) NH,

9.

Vapour pressure of a given ,//‘qqid will decrease if:
(a) .5urFace area of liquid is increased | |
(b) »Tota/ volume of liquid in the C‘?'”t‘“”e'f IS dec’.”e““{
(c) Yolume. oF the vapour phase is increased
-V (d) The temperature is decreqsed
on X solution, g% ¢ o iltate'ss t::::/;'to the mole fract;
.\La) The /OWer/nﬂ of (Vypours pressurg ore ! € _fraction
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of solute o
v (b) Relative lowering of vapours pressure is equa

fraction of solute

o0 the mole

(¢) The relative lowering: of vapours prgssure is proportional to the

amount oF solute: :
(d) The vapours pressure of solut/an is equa/ to the mole fraction

of solvent _
The boiling pomt aF (4 HG, CH30H CHs-NH, and C sHsNO, are

8§0C, 65¢C, 184C and 7726‘° respect/vely (A/hn:h one will show the
highest vapour pressure at room. temperature?

(a) CsHs S (b) CHOH

(c) CeHs™ NHz e (d) CeHsm N02 e

The process 'in which the water molecules surround and mteract
with the solute ions or molecules is called:

(a) Neutralrzat:an (b)), Hydration

(c) Hydralys:s J (d) hydragenat:an

The malam‘:y of pure water in itself is: A\
()78 ()50 (595 J/(d) 556

2- Bneﬂg answer the fo Ilowmg guest:on

QI: Define the following concentrat/on umts ( I) ppm ( ii) ppb ( iii)- ppt
( /v) mole. Fractlan | -

S

B l) ppm — Please see question numb'er'_ Lew
(ii)) ppb — Please see question number 7-
- (i) ppt — P/ease.see question number 7-
( iv) Mole fraction — 'P/ease see quSbion humber 7

Q2: Which cancentratlan unit, From molam‘;y and molality depends .
temperature? ' |

Molarity depends upon temperature because in molarit y we g

total solution as Tdm® and volume has direct
- On the other hand,

add one mole solute: As mass js not affected
so molality is independent of temperature-

relation with temper abur
in molality we take ingss [7kg solvent] and ¢

by Change in temP‘r atil®

|



wy S\Jtes 1% Year | __Solutions & Colloids - 387

-4 g : VOIWne of solution indm?®

(/}’lo/ariby = _Noof moles of solute }
:

/l-’lé/élity = _ Noof moles of solutg
K - Mass of solution in kilogram

Q3: Pr‘é_)ve mathematically that'SilIﬁ of the ma/e"F'r:aAcf‘:/"'ons_ of all - the
components of a solution s equal to one- ‘ |

Let we have a solution of , <
Mole fraction of solvent = X,
Mole fraction of solute = X,
Number of moles of solvent = p

Number of moles of solyte = s
‘Total number of moles .of

olute and solvent-

7

solute and solvent =n

T T
nr=n,+ n, J. .- N
i S : ; n
. Mole fraction of solvent = X, gL
P i e R ',
Mole fraction of solute = X 2 ===
¥ i h R
X7+»X2=i+n_2 o 2 = T=[7]
R A ) L (o :
@Deﬁne and name four colligative properties-

“Physical properties of solution which depends upon the numbgr of
lute particles and” do . hot depends upon the fature and structure of
Solute are called colligative properties-” ' : ’

aMes . of four colligative properties are:
7 Lowering of vapour pressure: .
2 Elevation in boiling point: - .~
3 Depression in freezing _poiﬂfi'-
Qnat};’c \pressufé{ S+ | oL
% osmosis- and give .its{.;pplicablons in daily '//Fe- .
“The movement of. solvent molecules from high concentration re-

to lower concentration region across a semi-permeable membrane s
“led 0smosjs- "’ |

Jion

i applications please see qu_estioﬂ. number 74-
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QI: Calculate molarity (M) of the following solutions:
( i) 2 gram of H2‘504/2a’m3 of aqueous solution |
( '7). 0-4 gram of NaOH/T100cm® of aqueous soluf.;/on
(i) 0-5 gram Na,CO0/250cm’ of aqueous solution-
Solution: R |

© (i) Mass of solute = H,50,4 = 2 grams

Molar mass of H,50, [solute] = 98g-mol’

" Volume of solution = 2dn?’

Formula used;

- . Mass of solute
M = S0

. ) ¥ £ ~ . . ’ 3
Molar mass of soluté x volume’ of solution in dm

" 98x2 196 L <

(i) O-4 gram of NaOH/700_c-m3 of H,0:
. Mass of solute (NaOH) = 04 gram
Molar ‘n"7ass of solute = ‘40g/mo/
Volume of solution in crm’ = 100cm®
100

: Volume of s‘olution in dm® =-—a&N = 0-1dm’®
T E : ; - 7000
P ~\\ Mass of solute |
Molar mass of solute x volume of solution in dm™

IS A £, S S 07 moldi?
40x01 4 wxio  qo > (07 moldm]

(iii) .Molarity. of 0-5 grams Na,CO,/250cm® of H,0:
Mass of solute [Na,CO,] = 0-5 gram |
Molar mass of solute [Na,CO,] = 1069/ mol
Volume of solution in cm® = 250cm®

VQ/UIT)e of solution in dm?® = 250, _

. = - Mass of solute
Molar mass of solute x volume of solution in Cj"j/
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M ~ -

m &L 054N 0.aN 5,70
2 _ 05, 5xi0
1064 mol" x0-254m° ~ 265 265 x70

50 _
2650 ~0°02 mol-dim?)

—
02: Calculate mole fraction of each com
tions:

() 2-5 moles of H,
(i) 500 grams of
(i) 8O0 grams of
Solution: ,
(i) Nunéberj of moles of H,O = .n

ponent in the Fa//ou)ing solu-

O and 7-5 moles of Nacl
H,0O and 600 grams of glucose

H,O and 7120, grams of acetone (CH,),CO -

wo = 2'5 mole k
- Number' of moles of Nac| = By

=9 mb/e
Total number of moles = p_

= 'nHzo + nNaC/ . y
| M = (25475 = 4 moles)
Mole fraction of H,O = 'X"' =5

ho = ;= (0:625)
' o 50
Mole fraction of Nacl = Xneer = = = (0:375)
(i) - Number of moles oF\.wdtek =n, = % =% =(27-77 moles)
/\/umb_er‘. of moles of glucose = n = 7 500

= e e B0 = ;3. :
Glucosei m 780 - ( 33 mOleS) |

Total number of moles = N = Ogtrcose + 1y

ne = 3:33+ 2777 = (31-10mole,)

- ' 2777 -
Mole Frad:‘r'ont QF water = Xyo = 3770 (0-89)
S\ ' 3-30) |
Mole fraction of glucose = X, =§m = (0-107) = 0-77
L N m _ 800
(iii) Number of moles of water = n, = 0 = ?: (4444 moles)
g - _m 7120
quber of moles of acgbone = ,dfzcetone = O%55
== nacef;one‘ R ?‘2'06 mO/eS)\
\_‘
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 Total number of moles = i, = 44- 44+2-06 = (4657 moles) . 4
Mole Fraction of H,0 '—‘ f’; C;j = ( 0-95 o)
Mole Fractio‘n of acetone = 2/2606 (0-05 )

| @3: A 3cm® cylinder contains a mixture of oxygen, n/f:rogen andm
gases- If their amounts are 4-64 x 10°g, 3-5 x 7079 and 2-3 x 10
‘ respectlvely Calculate the concentration of each in:

| (D Parts per million (ppm) -

(i) _Parts per trillion (ppt) .

Solution: Cancentrat:on of each companent in ppm;
mass- of solute

PR .vo/ume of solut/o.n“x 706
ppr of 0, - 4:64;7_0-5_‘75 -7546)(705)(706 ’
i gl ‘_,"_:"—7546x70’ (75 46 ppm)
pem of N2 = ‘355’;740-'(_* x705 776x7o‘*x70°‘ :
& g 776x702 (7766)
23x705

ppm of Cl, = Tx706 0766x 705x 70°

= 0776 x 707 = (7 66 ppm)

(i) Concentrat/on of each, component in ppb:
Mass / volume. of solute ~

, PPECY /qus / volume of solution Xv709
ppb'af 0, = R ; 107 107 - 1546 x 10 x709—[7 546 x 10°]
‘ppb of N2 = 3'5;704} X10°= 1-16 x 10°* x 10° = [1-16 x 10°]
_p,;b of cly= 23 ;70_5 X10° = 0:766 x 10° x.10°
= 0766 x 10"

= (766 x 10° P'Db)
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79'4— in_an exper. 'mm{’ 64"' grams of an ‘organic -compound was dissolved

in 2.5"_6 grarm of .l’jei.”?-éﬁé’*‘ahd’ 1C compression of freezing point was ob-

; serVed' Calculate the molecular weight of the substance [K, of benzene
Solution:

Depression in freezing point: AT, = 7¢°
Weight of solyte; W2 = 64 gram
Weight of solvent: W, = 25-6 gram
Molar mass of spjyte. M, =2
Cryoscopic constant =

Kf =-'5'72 |
Formula used; | | .
AT.= K, . W2x7000
- m, ‘w,
m, = Ke ~w, 1700
2 ATF 'w,' . . ‘
- _972x6-4 x7000 32768 - |
= i N = - 7y
2 Tx25-6 . 256 (7?80.9. mol”)
Q5: Calculate molecular weight o

f iodine

(L], when a solution containing |
I'I19 grams jodine in 35 grams of ether

. | shows a raise in boiling  point by ‘
0-296¢° [K, for ether = 2:22]- a - ’
~ Solution: ; g e

Molecular weight of iodine [1,] =My=7

Weight of solute [iodine] = w,
Weight of solvent = w, = 359 DL
Elevation in boiling point = AT, = O 2960
Ebul/iascopic constant = K, = 2'22 '

- Formula used: LT

| w, -7000

= 719 gram

AT, ‘,‘—" K, M, w,
m = K w,-7000
2 A‘f; 'W, 5 .
m = 2:22x1-19 x1000
2 T 0296x35 b
2647-8 /
M,=="""F% = r255 grams/ mol]
10-36 \:
~— ‘
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‘QI: How a given mixture can be diFFerentiate into a truc solution Or}

coarse suspension? v | > ]
particles or

PG The coarse mixture / suspension means, the substangh
things that -can be seen because. of its large size .in-a mixture without
using .a microscope:

7 Look at the two given mixtures, if you see suspended particles by
naked eye it will be a suspension and if you don’t see any sus-
pended particles it" will be a true solution:

Allow the two solutions to stand for some ‘time, if precipitation
takes place, the container will contain -a suspensmn, and the con-
tainer in which no preap/tabzon takes: place will have solution-

N

Q2: Define solubz/zby, what are the factors bhat afi‘ect the solubrllty oF :
a substance? \ '
@ Please sée question number 6+

Q3: Classify colloids on the basis oF their behawour towards medium and
the physical s:Jm‘:e of matter- "
EID; Please see question number 7 7

Q4: Give the statement of Roult s law- Exp/am the Iower/ng of vapour
pressure of a solution based on this law-

’ Zlity Please see question number 10+

@5: Explain the phenomenon of osmosis- ( BISE Kohab 2018) : - \
' @ Please see question number 13- : |

m——

Q6:. Explain the phenomenon of depression of freezing point- How mole-
cular mass of solute can be ca/culated on the basis of depression inl
freezing point? -
M Please see quesf;/on number 72

P W

/
Q7: Explain the elevation of boiling point, how molecular mass of soluté|.

can be calculated on the basis of elevation of boiling point?
P/ease see question number 77

000

___-—/




