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Choose the correct answer for each from the given options:

Metals place above hydrogen in the electrochemical series:

(e} undergoes oxidation (b)) undergoes reduction

(c) serve at cathode in comparison cell {d) have positive electrode potential

The colour of the universal indicator in base solution is:

fa) vellow (b green fc) orange {d) purple

The axidation number of Mn in KMnQ, is:

fa) +3 fh) +5 fc) +7 fd) +4

In this, electric current is produced hy an oxidation reduction process:

fa) standard cell B voltaic cell {e) reversible cell (d) electrolytic cell

Among these solutions, this one has the highest pH value:
{a) 0.0IM NaOH  (b) 0.02M HCI fe) 0.01M NaHCO, {d} 0.10MH.S0,
The component that predominaies in the solution is referred to as:

AARAAA RAARAAAA A

fa) solute (b} solvent {c) ions {ed) hyedration

In electrolytic cell, the anode is the electrode where:

fa) oxidalion occurs (b} reduction occurs

{e) borh oxidarion & reduction ocenrs {d) neurralization oceurs

The number af gram moles of solute present in I dm’® of selution is called:

(a) normality rh) molarity (c) mole fraction (d) malality
i The axidation number of oxygen in hydragen peroxide is:

fa) +2 ) -2 {e} =+ i fe) -1

The range of pH is:

fa) I-10 fh) 0-20 {ch 1 - 100 {d) 0-14

In electrolytic cell, cathode is:

(a) negative (B positive (c) meurral {d) none af these

An electrochemical cell is based upon:

fa) acid -base reaction (b} redox reaction

fe) oxidation reaction (d} reduction reaction
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In solution conduction is due the:

fa) movement of ions {b) movement of electrons

fc) movement of protons {d) movement of aroms

If 200 cm® of IM solution is diluted up to 200 cm’ its molarity wonld be:

fa) 10M () 0.2M fc) O.IM (d) IM

Types of solutions are:

fa) 9 (b} 7 (=] (d 3

If pH of a solution is zero the nature of solution will be:

fa) acidic () basic fc) neutral (d) amphoteric

A solution in which water is solvent is termed as:

(a) agqueous (k) alcoholic (c) etheral {d) none of the above
Which one is an electrolyte?

fa) AgNG, Solution (&) Ethanol fc) Mercury (d) Sugar solution
The amount of solute present in a given amount of solvent is called:

(a) concentration (b solubility product (c) common ion (d) hydrolysis

The number of moles of solute dissolve per kg (1000gm) of solvent is called:

fa) molarity ) molaliny fc) mole fraction (d) normaliry

The process in which water molecules get attached to the jons of salt is called:

fa) hydrolvsis (b} hydration fe) electrolysis {d) precipitation
When an electric current is passed through a selution of electrolyte, anions move towards:
fal cathode (bl electrode fc) anode (d) cation

The pH of a solution is mathematically expressed as:

(a) pH = - log [H" ] () pH = [H']

(©) pH = m’-j @ pH =2 [H']

If pH of asolution is less than 7, the solution will be:

fa) neniral (b ) alkaline {c) acidic fd) amphoteric
Solutions which tend io maintain their pH when an acid or base is added is termed as:
{a) molar solutions (B} ideal solution fe) buffer solution fd) saturated solution
Oxidation involves:

() gain of eleciron (h) foss of eleciron

{c) decrease in oxygen fed) none of them

Oxidation number of CI in KCIO, is equal to:

fa) - 1 fb) -5 fc) +35 {d) -6

Oxidation number of Cr in K.Cr,0, is:

fa} +12 fb) + 6 fc) -6 (d) -3

Which one of the following agueons solution will be base in character:

{a) NaCl fb) Na,CO, (cj FeCl, {d) NH CI

Na,CO, + 2H, 0 —— 2NaOH + H,C0Q,, this reaction is called:

{a) hydration (h) hydrolysis {¢) neutralization () dissociation
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The reaction in which hydrogen jons of acid and hydroxide jons of alkali react together fo
produce water is called:

fa) hydrolvsis (b)) hvdration fci newtralization fel) ioriization
Blood has a pH of about:

fa) 6.2 (b) 7.0 {c) 7.3 fel) T4.41

The degree of lonization depends nupon:

(o) quantity of H.O (b} speed of ions (el temperatire fd) nature of electrolyte
The ability of an ion to form hydrate depends wpon:

(a) hydrolvsis {b) ionization (c) charge density  (d) cryvstallization
In case of NaCl, the hydrolysis:

{a) occurs on certain conditions (b} sometime occurs

fe) always occwrs {d) does nar nccnr

The process in which atom gains an electran is called:

fa) axidation {h) reduction fch neutralization fd} radiation
Molarity of a sofution is expressed in:

{a) moles / kg (h) g /dm’ fc) dn® /mol fd) mol / dm?*
Weak elecirolytes show low conductance due to their low degree of :

fer} hyedralysis (b)) hvdration {r) ionizelion fedt difition

The process in which water reacts chemically with salt is called:

fal newtralization fh) hvdrolysis (o) hvdration {d) solvation

For strong acid and weak base titration the suitable indicator is:

fa) phenolphthalein  (b) methyl orange fe) lirmus fcd) K.‘I-*fn(j,

In solution, the number of water molecules surronnds the ions are:

fa) indefinite (h) zern o) definite (d) none of them
Which of the following has greater charge density?

fa) K~ (b} Al" (e} G fdf) Br

Oxidation number of oxygen is +2 in:

(a) Na.O (b) Na.O. (e} F.O (d) CLO

The axidation number of hydrogen when combined with a metal of lower EN. is:
fa) 12 (b) -2 fc) b1 (d) -1

When a non- spontancous redox reaction is carried out by using the electrical current then
process is called:

fa) decomposition i) Ivelrolysis foh cracking (e electrolvsis
Reduction is a chemical change in which:

fa) fons are lost fh) ions are gained (e} electrons ave lost  (d) electrons are gained
The elecrropotential of standard hydrogen elecirode is taken as:

() positive vafue fb) negative value (¢} zero (i) fraction value

The colour of phenolphthalein in acidic medium is:

ferd pink i) parple o) colourless il orange
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a The following is an example of oxidation reduction:
fa) Ag~ + CI° ——»  Ap(l fbj HO —» H™ + OH
g Cl +e —= I (d N9 —» Na + ¢
ﬂ What is the oxidation number of ‘S’ in sulphuric acid:
fa) -2 (b) +2 (c) +4 (d) +6
a The oxidation number of an uncombined element is always:
fa) th) 1 fc) 2 (d) 3
ﬂ The potential difference created between a metal and its ions is calfed:
fa) ancde h) catlode
fc) electrode Porential fd) electrade
u lonic compounds conduct electric current when they are in:
{a) solid state {b) molten form fc) frozen form (d) dehydrated jorm
ﬂ As a resuli of electrolysis of a dilute solution of NaCl, this will form on the cathode:
fa) soditm th) chlorine fc) hydrogen (d) oxveen
ﬂ Zn, - 2e —— Zn". Itis:
{er) oxideation {h) reduction fo) fonization () hydration
ﬁ PH of milk is:
(a) 6.6 (b) 7.0 (c) 7.3 (d) 7.9
a P of blood is:
{a} 6.6 (o) 7.0 fe} 7.3 () 10.5
@ 1 orH.50, is:
(@) 1.0 (b) 1.2 (c) 66 (d) 7.3
@A o1 of bloodis 7.3. Itis:
(a) acidic (b) neutral fc) basic (d) none of them
ﬂ PH of sea water is:
fa) 7.9 (k) &0 fc) 8.4 () all of them
a Comversion of Sn™ to Sn™' is
{a) physical (b) mechanical fc) oxidation fcl) reduction
@I oidation number of N in HNO, is:
(a) + 1 (b) +3 (c) -3 (d +5
ﬂ During electrolysis oxidation oceurs ar:
fa) anode (h) cathode fc) both electrodes  (d) none of the above
ﬁ In this equation K, = —{iﬁ » K, is calfed:
fa) equilibrium constant (b} solubility
fe) molariry {d) dissociation consiant
ﬂ Phenolphthalein gives pink color in:
fa) acid (b) baxe fc) neutral {elj none of the above
@@ 4 mixture of CH,O00H and CH.COONu is called:

{a) alkaline solution  (b) basic Solution fc) buffer salution fd) all of these
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ﬂ CuS0, + SHO — CuS0,.5H.0 this reaction is an example of :
{a) hydrolvsis (b) neutralization {c) hydration (d) dehydration
ﬂ The passage of current in an electrolyte is due to the movement of :
(a) electrons (b)) ions fc) molecules (d) atoms
ﬁ Homogenous mixtare of soluie and solvent is called:
fa) solubility (b) dilution fc) solution (d) chemical reaction
ﬁ lonic theory of electrolysis was given by :
fa) Levies (b)) Arrheniuy fc) Bronsted {d) Debye
q Which one of the following does not conduct electricity in an aqueous solution?
(a) KNO, (b) CH,OH (c) KOH (d) CH,COOH
q The oxidation number of Fe in FeCl, is:
fal +4 (b) +2 s (c) +3 (d +1
ﬁ Indicator phenolphthalein is a weak :
{a) base fb) acid (c) salt (d) none of these
a The solvent that termed as universal solvent is ;
{a) benzene (b) carbon tetrachloride
(c} alcahol ' (d} water
ﬁ Weak electrolytes show low conductance due to their low degree of :
fa) dilution {b) ionization ¢} concentration (d) precipitation
ﬁ The difference of potential created between a metal and its salt solution is called:
{a) cathode potential (b} anode potential
{c) electrode potential (d) none of the these
ﬁ The molarity of a solution containing 4 gm NaOH dissolved in 10 ml solution is:
fa) 0.4 M fh) 0.1 M fc) 10M fd) 1.0M
- Answer Key muu
1. (a) 12. () 23. (a) 34 (c) 43. (d) 36, (a) | 67. (c)
2. (d) 13. (a) 24. (c) 15 @ 46. (d) 57. (c) 68. (b)
3 re) 14. (c) 25. (c) 36. (b) 47. (c} 58 (b 69. (c)
4 (d 15. (a) 26. (b) 37, (d) 48. (c) 59. (c) 70. (b)
3. (d) 16. fa} 27, fe} I8 fc) 49. ¢d) 60, (d) 71. (b)
6. (b) 17. (a) 28. 1b) 39. (b 50. (d) 61, (c) 72. (o)
7. (a) 18. (a) 29. (b) 40. (b) 5i. (a) . 62. (d) 73. ()
8 (b 19. (a) 30. (b) 41, (a) 52. {c¢) 63, (a) 74. (d)
9. rd 20. ¢h) ] 31 (c) 42 (hj 33. () 64. (d) 73, (b)
10. (d) 21. (b) 32. (c) 43. (c) 54. (a) 65. (b) 76. {c)
I (a) 22. (c) 33. (d) 44. (d) 33. (a) 66. (c) 77. (¢)
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Ans. Solutions are homogenous mixture or single phase mixtures of molecules, atoms or ions of
two or more substances. [t is comprises of two parts:
Solute + Solvemt —— Solution
For example, Sugar + water ——  Sugar Solution

QXBX  Define sotute and soiven.

Ams. Solute:  The component of the solution present in smaller amnount is called solute .
Selvent:  The component of the solution which is present in large quantity is called the solvent.
Example: Inasugarsolution water is solvent and sugar is solute.

m State types of solution with examples.

Ans. There are nine possible types of solution consisting of mixture of gases, liquids and solids.

SOLUTE SOLVENT EXAMPLES 1
Gas Gas
Gas Liquid Air acrated water (cold drinks)
Gas Solid H, in palladium.
Liquid Gas Water (Vapour) in air; rose scentin air.
Liguid Liquid Alcohol in water.
Liquid Solid Hg inNa (amalgam)
Solid Gas Smoke (carbon particles in air)
Solid Liquid Glucose in water.
Solid Solid | Alloys (Cu+Sn) called Bronze.
m : Define concentration and give its types. Karachi Board: 2005, 2006, 2007, 2011

Ans. Concentration: Tna given solution, the given amount of solute dissolved in a unit volume of a
solution (oraunitamount of solvent) isknown as the concentration of the solution.
(i} Dilute Solution: Solution containing relatively lower concentration of solute is called
dilute solution.
(i)  Concentrated Selurion: A solution containing relatively higher concentration of solute
iscalled concentrated solution.
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Units of the Concentration of Solutions:

As the amount ol solute, solvent or solution are measured by volume, weight or number of moles,
therefore concentration of the solution may be expressed in many ways:

(T Percentage composition (i) Molarity (i1}  Muolality

(iv)  Mole fraction {v) Normality

m: Whar are physical units of concentration? Explain with example.

Ans, Percentage composition: The amount of solute and solvent can be expressed in percentage
composition by four different ways:
(a) Percentage weight by weight ( W/W)
(b} Percentage weight by volume {W/V)
(c) Percentage volume by weight (V/W)
(d) Percentage Volume by Volume( V/ V')
Examples:
(1) 20 grams of NaOH percubicdecimeter (dm?) ofsolution (W/V).
{ii) 10% agueous solution of NaCl contains 10g NaCl per 100g solutioni.e.,
10g NaCl mixedwith 90 grams of water (W, W).

m Describe molarity. Give its mathematical formula with an example of a molar solution.

Ans, Molarity:  Molarity is the number of moles of solute dissolved per litre ( dim® ) of the
solution. Its symbol is "M’

Maihematical fo ;o
; No, of moles of Solute
Molarity (M) Volume of Solution in dm?®
" Mass of Solution i gms = 1000
Molanty (M), ™ ‘Molecular mass of solute = Volume of Solution in enw
Examples:
(1) 0.5 molar solution of Na,CO, contains 53 grams of Na,CO, / dm’ of
sclution,

(i1} One molar (1M) solution contains 106g Na.CO, (molecular wt of Na,C0O, |
per dm® of selution. The term molarity is often used to refer to molar
concentration.

m Describe molality, Give its mathematical formula with an example of a molal selution.

Ans. Molality (mj: Molality is the type of concentration. It is the number of moles of solute
dissolved per kg of the solvent.

Mathemarical Formulae:
. No. of moles of Solute
iclexty (M0 Mass of solvent in Kg
or

Mass of solute in grams = 1000
Molar mass of solute = Mass of solvent in gms

Molarity (M)
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(i) Amolal solution (1 m) of Na,CO, conmins 106g of Na.CO, dissolved in
1000g of water.
()  D.5molal solution containsg 33z MNa.CO, perkgof water,
The term molality is often used to refer to molal concentration.

m Briefly describe the process of hydration. Karachi Board: 2005, 2008, 2010

Ans. Hydration;  Water dissolves majority of the substances. Some of these substances may be re-
crystallized from their solutions retaining some molecules of water as the part of the crystal
lattice. These solid crystalline substances are known as hydrates and the process is called
hydration. In hydration process, water molecules as such are linked with crystal lattice. NoH-0
bonds of water are broken although new bonds are formed.

Examples: BaCl,.2H,0, CuS0,.5H.0, FeSO,.THO, AIClL.6HO etc.
These water molecules which are physically attached with salt are called water of erystallization.

m Define water of crystallization. Explain the ability of ions fo from hydrafes.

Ans. Water of Crystallization: Definite number of water molecules present in the crystal of a
substance is called water of crvstallization.
EL., CuS0Q,.5H.O
Ability 1o from Hydrates:
The ability of an ion to form hydrate depends upon the charge density i.c., sizc of the ion and its
charge.

Example: When agueous solution of a salt is evaporated, the salt erystallizes with definite
number of water molecules called water of crystallization.

Anion with higher charge density has greater ability o atiract water molecules. In CuSQ, 5H.0,
sizeof Cu " ionissmallerthan SO,? ion, therefore charge density of Cu is greater than that of
80,7 this is why out of five water molecules of crystallization four are attractedby Cu™ ion and
only one is attracted by 80,2 jon. This small positive ions with multiple charges such as Cu?*,
AlY, Cr' possessgreat attraction for water molecules.

m Write a note on hydrolysis. Karachi Roard: 2006, 2007, 2008, 2010

Ans. Definition: When a salt dissolve in water, it is dissociated into cations and anions. The process
inwhich cations or anions or both react with warter, which is used as solvent, is called hydrolysis.
Explunation of Hydrolysis:

Cations of strong bases and anions of strong acids do not undergo hydrolysis. For example
Na', K, CI, NO,.

Similarly neither the cations nor the anions ol the sall of strong acids and strong bases undergo
hydrolysis. Thisis why their solutions remain neutral suchas NaCl.

Different salts upon dissolving in water, do not always form neutral solutions such as NH,CI,
AlICL, CuSOQ,, give acidic solution in water on the other hand Na,CO, and CH,COONa
form basic solutions in water. These interaction between salis and water are called hydrolytic
reactions and the phenomenon is known as hydrolysis.
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(1) NH(CI + HO — NWEOH., t HCl,,,
(1) Na,CO, + 2H.0 — 2ZNaQH_ + H.CO,
Strong base Weak acid

m Write down the postulates of the Arrhenius theory of ionization.

Ans. Karachi Board: 2008-2009-2012-2015-2019

Arrhenius put forward a comprehensive theory of ionization in 1884, this theory explained not

only the mechanism of electrolytic conduction but also gave clear explanation of various

phenomena like higher value of osmotic pressure, depression of freezing point, elevation of

boiling point, ionic reaction etc.

Themain postulates of this theory are as under:

(1)  Acids, bases and salt when dissolved in water give two kinds of particles, one camrying a
positive charge and the other one carry eqgual but opppsite charge (negative), these
charged particles are called TONS.

H-G + -d
HSO, —X—= H., + SO,
NaoH —2s Na, + OH,
NaCl 20 Moy, + Ol

f2)  Insolutions, the ions constantly collide to form neutral molecules. Thus ionization is a
reversible process and there is a state of equilibrium between this dissociated and un-
dissociated molecules, thus:

AB = A + B
Applyving the law of mass action to the above equilibrium:
Al B -
!T L—FE"]—I = K {dissociation constant)

()] On passing electric current through the solution of an electrolyte the +ve ions (cations)
move towards the cathode and the -ve ions (anions) towards the anode. On reaching the
glectrodes the ions lose their charge(s) and change into ncutral species (atoms or
molecules). 1t is the movement of 1ons which allows electricity to pass through the
solution of the electrolyte.

i4) The exient to which an clectrolyte dissociates mto ions is known as “degree of
dissociation” which depends upon:

fa)  Nature of electrolytes: Strong acids, strong bases and salts are almost
completelyionized. Weak acids, weak basesand their saltsareweakly ionized.
(b}  The nature of the solvents:  The solvents which have polarity, ionize the

electrolytes to amarked degree.
fc) Temperature: Thehigher the temperature greater is theionization.
{d)  Degree of dilution:  Greater the degree of dilution, greater would be the
ionization. .
(5 The properties of electrolytes in solution are the properties of the ions. Acidic properties
aredueto H ' ions and basic properties are due to OH " ions and the chemical properties
of salts are dueto the ions forming them.
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(6) The ions behave like molecules which affect the physical properties like freezing point,
boiling point etc. If an electrolyte forms two jons, it will increase osmotic pressure two
fold and the other vielding three ions that molecule will exert the normal effect.

ﬂ Define electrolysis. Karachi Board: 2010, 2011, 2012, 2014, 2617, 2018

Ans. Electrolysis: The ions exist in solution before the passage of electric current. When no electric
current is passed the ions move about randomly.
Definition: The movement of ions towards their respective electrodes on passing clectro
current, accompanying all chemical changes in an electrolytic solution under the influence of an
applied electric field is known as electrolysis or electrolytic conduction.

m What are electrodes? Karavhi Boared; 20071

Ams.  An electro-conducting substance which when placed in an electrolyte develops certain elecinical
potential with respect to the bulk of solution. Positive electrode is called anode and the negative
electrode is called cathode.

e.g., Copperelectrode, Znelectrodeete.

m What are electrolytes? Karachi Board: 2011

Ans. The substances which can allow the electric current to pass through them in the solution state or
molten state are called electrolytes. Acids, bases and salts are electrolytes. For example, 1180,
NaOH and NaCl are the examples of electrolytes.

m Explain the process of electrolysis of CuCl, solution in an electrolytic cell.

Ans. Karachi Board: 2010, 2014, 2017, 2618
Electrolytic Cell:
When electricity is passed through an electrolyte () - Positive ion
in the molten or aqueous state, anions begin to (© = Negativeion

. yrs Electrons DU Source it
move towards anode (i.c. positively charged | Anede o 0 Cathode

electrode) where as cations begin to move ,,\\ » +®_ > J-'{/.-""
towards cathode (i.e. negatively charged J_ -
electrode). Oxidation takes place at the anode + &
which removes electrons from the anions whereas i ._{_) =
reduction takes place at the cathode which I 0"_ =
provides electrons to the cations. The electrons +|+—E 00—
removed by the anode are pumped out by the I —0C) —0O
source of electric potential and transferred to I o— o_.. =
cathode. . -

The Electrolysis of solution of cupric chloride | ™ : . /
(CuClL); Fig. 7. Elecrolvticegll

Ondissolving in water, these ions are separated:
Cucl}lim 1= Culd.:u‘ + O

(L]

These ions are free to move randomly among water molecules when no electric current is passing.
Assoon as the electric current is passed, the movement of these 1ons to take place Cu?”
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ions migrate towards cathode and CI ions towards anode. At cathode, Cu® ions are
discharged as copper atoms by the gainofelectrons ( reduction ):

Cu’ a7 2E — (Cu, (Reduction at cathode )
Atanode, Cl 1onsarcdischargedas Cl, gasby the loss of'electrons (oxidation):
20175 ~26 —— 8]y (Oxidationatanode)

Thus the reactions taking place in the electrolytic cell are oxidation - reduction reactions or
redox reaction. By combining the electrode reactions, the over all reaction of the electrolysis
isobtained as:

Cu:.:aql b 2e . Cuh!
2CI" g - 2¢° —
L‘u! (e 1 2"_‘].“.'? = Llu(':: + {':l-""I'-'|
CuCl,,, —icl, Bl P Clina

When the ions originally present have been changed to neutral particles, the current can no
longer flow,

m Write detailed note on electrode potential,  Karachi Board: 2005, 2007, 2008, 2012, 2013, 2018

Ans. Definition of electraode potential:  The difference of potential created between a metal and
solution of its salt is called electrode potential of the metal. It is a measure of tendency of an
electrode to lose or gain electrons,

(a) Ocxidation potential:
The tendency of a metal ( element ) to get oxidized is called oxidation potential. If the reaction is

represented as:

Then the oxidation potential is written as:

B - M (i)

| e Mil
(b) Reduction potential:
The tendency of a metal to get reduced is called reduction potential. The reaction 15
represented as:

M +e e M

Thenthe reduction potential is written as:
. M -
S (i)

The reactions (i) and (i1) di Mer only in direction and therefore oxidation potential and reduction
potential have same magnitude but different signs.

Eju:ﬂ:l:m- = =l ridution
Totalpotential (voltage) =  E° i *  E° civim
m Define standard electrode potential. Karachi Board: 2012-2013-2015-2016-2019

Ans. The potential set up when an electrode is in contact with one molar solution of its own ions at
298K is called standard electrode potential or standard reduction potential of the element. It is
represcnted as E°.
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m Write down a note on standard hydrogen electrode. (SHE) .

Ans. Stundard Hydrogen Elecirode:

A standard hydrogen clectrode consists of a platinum e E-n e
foil coated with a layer of finally divided platinum,. Itis f/‘\_‘_ Supply of bydragen
encased with a glass slecve with hydrogen gas passing . [ P Bes
through it at | atm pressure. [t is then immersed in 1 M
HCI solution. Reduction potential of SHE in arbitrarily
taken as zerc. (Seefig 7.3)
SHE acts as anode when it is combined with the Escaping bubbles
electrode having greater reduction potential than (.000. q} 00 rf"" ' e
For example, SHE acts as anode when it is combined 0 % B

: . . . . [« )| niinized platinum
with copper clectrode. In this case oxidation will take 0 —|:|-— 0 fail
place at SHE, o 0 #—f— Hydmochlorc acid
H, — 2H +2c¢ (Oxidationhall reaction) L |
SHE acts as cathode when it is combined with the Fig# 7.3 Hydrogen Electrode

clectrode having less reduction potential than 0.000.
For example, SHE acis as cathode when it is combined
with Zn electrode. In this case reduction will take place at SHE.

M 288 —% M, E* — 0.00V (Reductionhalf reaction}
Sheis used as reference electrode to determine the reduction potential of different electrodes.

m How is the electrode potential of Zn determined?  Karachi Board: 2008, 2011, 2012, 2018

Ans. Measurement of reduction / oxidation petential of zinc electrode:
Combine standard hydrogen electrode with zine electrode. Connect these two clectrodes
properly with voltmeter. It shows +0.76 V E® cell. When zinc clectrode is connected with the
negative terminal of the voltmeter and SHE is connected with the positive ierminal of the
voltmeter, it shows that zinc electrode acts as anode where as SHE acts as cathode. [t means
oxidation will take place at zinc clectrode and reduction will take place at standard hydrogen

electrode (SHE ).
Zn —  Zn" +2e YELEY! Hon
251 2e — H: \ [L‘J‘T \J_jﬁdc lh‘» (’j /
Use the following formula to calculate the In| ! ;;m?; T partiion
reduction. i |
En.m = B j-m-r-n-.-r:l - Eu»nm Jied !
E&.\' . E :l_ L ! - E’Dvm.lu- I . 1|
o Ee 1O
0.76V = 0.00V - E° En Fig # 74 Elsarode poteatial of £n
E*, = -D7J6V
m How is the electrode potential of copper determined? Karachi Board: 2013-2019

Ans. Measuremeni of reduction /oxidation potential of copper electrode:
Combine SHE with copper ¢lectrode. Connect these two electrodes properly with voltmeter,
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volimeier, It shows + 034 W E° “cell” when

standard hydrogen electrode 1s connected '\‘ - w T.‘E (j‘_/Hf"'
with the negative lerminal of the voltmeter m[ Anode Cathode

and copper electrode is connected with the . T e

positive terminal of the voltmeter. This |

shows that standard hydrogen elecirode ]@

acts as anode whereas copper electrode acts 1

as cathode. It means oxidation will take @ -

place at SHE and reduction will take place

at copper electrode. Fig e 7.5 Eleetrode potential of Copper
H, — 2H + 2¢ (oxidation half reaction)
Cu’' +2¢ —— C(Cu (reduction half reaction)
Use the following formula to calculate the reduction potential of copper electrode.
B ™ Pocs - W
e = Blaz: = B
E'a ™ Elepe = Bl
034V = E°_ 0.00V
E°,, = -034V

m What do you know about electrochemical series?

Ans. Definition:  Thelist of elements arranged in the order of their standard electrode potentials on
the hydrogen scale is called electrochemical series.

Standardr i jal {E°) of elements at 298 K:
e I : s T
| Element Electrode Fﬁmﬂ
Li Li* + ¢ — Li -3.045
K > K+ e — K fae -2.925
Ca 3 Ca¥ + 2¢ —— Ca 3 287
Na 8| Na + 26 —— Na 3 AT
Mg ':-E Mg~ + 2&¢ — Mg é 2.37
Al 3 ALY+ 3¢ —— Al ia -1.66
Zn S In” & d&& —% [En é -0.7628
Cr 2l o+l — & y L 074
Fe : Fe‘: + e — Fe 2 0.44
Cd 3 cd + 22 —— Cd 3 0.403
Ni E;f Ni© + 2¢ — Ni £ -0.25
Sn E Snf‘ + 2e —  Sn h‘; . -0.14
Pb % Pb" + 2¢ ——+ Pb 2 | -0.126
H, ] -+ —F W S 0.000
. Cu 2 Cu™ + 2 —— Cu +0.337
l Cu Cn" + ¢ —_— Cu ’ +0.521
ol L5 S|
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I, ' L, + 2% —— 3 +0.535

Fe | | ™ o+ & —  F¢ +0,771

Ag | A +oe —  Ag | +0.7994

Hg | | Hg -+ e -t  HE | _ +0.885

Rr, | Br, =+ 28 —— 2Br | +1.08
,- cl, ‘ ‘ cl, + 2 ~— 3CI +1.360
' Au Au” 4+ 3¢ —  Au +1.50
| F. ‘ ! F, + 2 —% IF 2.87

Write a detailed note on applications of efectrochemical series. OR
What do vou infer the electrochemical sevies ( ECS ) 7

Ans. (i) Prediction ofthe feasibifity of a chemical reaction:

The electrochemical series helps to predict whether the reaction will take place or not. If
sum of the reduction porential and oxidation potential of two elements (or two hail cell
reaction) is positive then the reaction will proceed otherwise not.

fii)  Calculation of voitage or electromotive force { emf) of cells:
The electrochemical series helps to caleulate the cell voltage of galvanic cell. The voltage
i.e., emf of galvanic cell is the sum of the reduction potential of the cathode and oxidation
potential of anode.

fifi}  Inthe ECS there is decreasing tendency trom top to bottom to lose electrons (oxidation)
and increasing tendency to gain cleetrons (reduction).

fiv) ive cliemic ivifies [
The reactivity of metals having lower reduction potential is higher than those having
greater reduction potential. The chemical reactivity of metals increases from bottom to
topwith the decrease inreduction potential.

fv) InECS the metuls are placed in the order of reactivity and shows the displacement order,
Metals displace metals lying below them in the list from solution of their salts.

vil  Strength as oxidizer orreducing agent:
The electrochemical series helps to compare the strength of oxidizing agent or
reducing agent,

m Define oxidation state and describe the rules for assigning oxidation number.

Ans. Definition: Theapparent charge. positive, negative, or zero, which an atom would have in
amolecule orinanioniscalled oxidation state oroxidationnumber,
Rules for assigning oxidation number:
(I)  The oxidation number of a free element is zero e.g., oxidation number of Zn, Mg,
0O,, H, and CIl, iszero.
2) The oxidation number of hvdrogen is -+ in its compounds except in metal hydrides

whereitis -1.
{3}  The oxidation number of oxygen is -2 in its compounds except in peroxide such as
H.,O, whereitis -1. Anotherexception isthe case of OF, inwhichthe oxidationno.

ofoxygenis +2.

f4) The oxidation number of each element of group V11 A (halogens) in binary
compoundsis -i.e.g..Cl in HOL bas-! oxidationnumber.

(§]] The oxidation number of cach: clement of group LA, 1A and 1A are+1, +2 and
t+3 respectively.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 245 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Solutions and Electrolvies

f6) The oxidation number of a molecule or 1on 15 the sum of the oxidation number of the
constitucnt atoms,

7} The oxidation number of a compound is zero whereas the oxidation number of an ion is
equalto the charge onit.

8 [n any substance the more electronegative atom has negative oxidation number, where as
less electronegative atom has positive oxidation number.

g Define the processes of oxidation and reduction.

Ans, Oxidotion:
Oxidation is a chemical process in which electrons are lost by an atom or jon.

g
Atom: Na® —_— MNa + e
fon Pe" —_— Fe'" § ¢

It is a process in which oxidation number of an element is increased.
(1) Addition of oxyeen 15 called oxidation,
{11) Removal of hydrogen is called oxidation.
(ili)  Increase in positive charge is oxidation.
(iv)  Decrease in negative charge is oxidation,
Reduction:
It is a chemical process in which electrons are gained by an element or 1on.
e Cl, + 2¢& —_— 2CI
Fe' + ¢ e Fe'
Reduction is process in which:
(1) oxidation number of an element is decreased.
(1)  addition ot hydrogen is donc.
(iii)  removal of oxygen is done.
{iv)  increase in negative charge happens.
(v) positive charge decreases.

m Explain oxidizing agent and reducing agent,
Ans.  Oxidizing Agent:

An element or compound or ion which accepts electrons and shows decrease in oxidation number
is called oxidizing agent. An oxidizing agent is an electron deficient species and always gains
electrons therefore itis reduced.

c.g 2K" i Br, — 2K Br

Bromine atom gains one electron from potassium atom and has -1 charge. It acts as an oxidizing
agent.

Examples: F,, Cl, O.. H,80,, HNQ,, KMnQO,

Reducing Agent:  Substances that donate electrons and shows an increase in oxidation number
is called reducing agent. It is always rich in electrons therefore it loses electrons and hence
oxidized itsclf

e.g. Zn" + Cl, o Zn" Cl;
Znatom haslost 2 ¢, soitacls asareducing agent
Examples: H,, Na, Al, Cu, H.5 KIl, C
- [+ '
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m What is a redox reaction? Karachi Roard: 2010
Ans, Chemical reaction in which oxidation and reduction occur simultaneously are called redox

reaction,

Reduced
l' v
e.g. Cir+ H; —s Co'+HO
t 1)
Oxidized

m Write down the rules for balancing of redox equation by ion electron method.

Ans. The key to balance redox equations is the clectron transfer. The number of electrons lost by the
reducing agent must be equal to the number of electrons gained by the oxidizing agent.
The following are the steps to balance a redox equation ;
s Step I: Assign the oxidation number to all the atoms invelved in the equation.
H'CI' + K,'Cr,"0, —— K'ClI' + Cr°CL' + CL' + H,"0?
* Step 2:
(i) Select the atoms which change their oxidation number.
(i}  Calculate the number of electrons lost and gained per atom.
(iii}  If the number of atoms, which change their oxidation number, is not equal on both
sides, then make them equal by inserting temporary coefficient.
(iv)  Calculate the total number of electrons lost and gained per formula unit.

i le" lost paratom 1
(i) HET + K,Cr, "0, #» KCl + Cr'Cl, + C + HO
el 3 gained per atom 1
| 2e lost i
{it) HEIN AKCr,®0, —— KCl+ 20r°CL + ClY + HO
|———-— b gaimed 41
s Step 3: Equalize the number of electrons lost and gained. Todo so:
(1) Multiply the coefficient of the substances involved in oxidation by proper

whole numbers. '
(1)  Multiply the coefficient of the substance involved in reduction by proper
whole numbers.

I 3= lnst |
6HC!" + K.Cr,"0, ————— KCl+ 2Cr'Cl, +3Cl° + H,0
I——-— (1= Ge gained —-——-T

» Step d: Proceed in the following order:
(1) Balance the atoms other than oxygen and hyvdrogen. i
(i)  BRalance the atoms of oxygen. '
(iii)  Balance the atoms of hydrogen,
(a) Balance K by multiplying the coefficient of KC1 by 2 and then balance
Cl bychanging the coefficient of HCI by 4.
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[4HCl + KCr,0, ——————  2KCl+ 2CrCl, + 3Cl, + H,0

(b}  Balance the atoms of oxygen, multiply the coefficientof H,Oby 7.
{4HC] + K.Cr.0, —— ERE -+ AOFEL +80L + THO
Inspect the equation, it has baen balanced

m Define indicator. Give the tvpes and choice of an indicator.

Ans, Indicators:  They are complex organic compounds. They change their colour in acidic and
basic medium. Indicators are used to determine the end point in titration. A large number of
indicators arc known and cach undergoes a colour change when a certain pH is reached.

Colours of someindicators in different medingm:

Indicator - Colour in acid Colour in base Colour when nentral
Phenolphthalein Colouriess Pink Colourless
Methyl orange Fed Yellow Orange
Litmus Red Blue Purple
Universal indicator Red Purple Green

L] Chaoice of an indicator:

The choice of suitable indicator for a particular acid - base titration depends upon the nature of the
acid and the base involved in that titration. The different indicators which are used for different
types of titrations are:

fa) for strong acids and strong bases any indicator can be used.

fb) for weak acid and strong base, phenolphthalein is used.

fe) for strong acids and weak base, methyl orange is used.

m Describe the strength of acids and bases.

Ans,  The extent of ionization of acids and bases are not the same. Some ionizes (o a greater extent and
some to a lesser extent. The extent of ionization is expressed in terms of degree of dissociation or
" percentage dissociation. Degree of dissociation is the ratio of the number of molecules ionized to

the number of molecules dissolved.

No. of molecules ionized
Total no. of molecules dizssolved

[

The ratio when muliplied by 100 gives percentage dissociationi.e.,

G : - Mo of molecules ionized N
Yo agedissociation = — - - - 100
lotal no., of molecules dissolved
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m Describe strength of acid in the light of Bronsted-Lowry theory. Karachi Board: 2008

Ans,  According to Bronsted - Lowry theory:

Acids areproton (H+) donors and bases are proton acceptors.

Hﬁlaq. + H_‘Uﬁj e HJ.-G"J.'I &3 "&huql
{Acid) {Base)
Applying the law of mass action:
« - HOT[A]
‘ [HA] [HO]
ar s }
[HO1 Al A
or '
LHO | [A] N I
THA ] K, {acid dissociation constant)

The acid which has greater K value is stronger acid then those which have lower value of Ka.
48 = 10" K, (mol.dm™) at 298K

Formic acid 1.8 x 107 K, (mol dm™) at 2908 K
Aceticacid 1.8 = 107 K. (mol.dm”’) at 298K
1.4 ¥ 107 K, (mol.dm’) at 298K

&g, Hydrocyanic acid

Chloroacetic acid
Thus the chloroacetic acid is stronger than formic acid which in turn is stronger than acetic acid.

m- Describe strength of acids and bases using pH.

Ans. Weuse pH scaleto know the exact strength of an acid orabasc. In terms of pH, acié with low pll
values, suchas TICl, HNO, and H SO, arestrong acids. Similarly bases with high pH values

suchas KOH, NaOH are strong alkalis. These substances are strong electrolytes and ars nearly
completely ionized in aqueous solution. pH of some acids/bases are given below:

pH of Na,CO, 11.6

pH of HCI 1.0
pH of NaOH 13.0

pH of H,SO, 1.2
pH of CH,COOH 2.9
What is the mathematical relationship bevween pH and

Define pH and pOH.
POH of an agqueous solution ? Karachi Board: 2007, 2008, 2016, 2015, 2017

Ans. Definitionof pH: Theterm pH was introduced by Sorensonin 1909,
The negative logarithm of the concentration of H™ ions present in the solution in ¢called pH of

the solution,
pH = -log [IT]

pH of neutral water:
Inneutral water [H']

pH = -log[H]

= 1.0 * 107 moldm™
= -log [LOX10'] = 7

Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 249 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Solutions and Electrolytes

pH of neutral solution = 7
pH of acidicsolution < 7
6

pH of basicsolution >
. Definition of pOH : Thenegative logarithm of the concentrationof OH ions present
inthe solution iscalled pOH of the solution:
Mathematical form:
pOH = - log [OH]
pOH of nesutral water:
Inneutral water [OH'] — 1.0 * 107 moldm™
pOH = -log [OH] = log [1.0 » 107] o i
Nate:
pOH of neutral solution )
pOH of basicsolution < or = 7
pON of acidic solution > or 7
m Describe the determination of pH of solution. ; Karachi Board: 2012

Ans.  Determinationof pH of asolution:
pH of a solution can be measured by the following methods :

fa) Bydigital pH meter:

Now a days a pH meter having a glass clectrode is used to determines the pH of a solution. This

glass electrode when dipped into the solution shows the reading ofthe pH value on the meter.

(H+] | w" [ 1o | ro? |of [ 1o b e f 1o® f 17 | 10 | 107 | 107 | 107" m"’im"" 10
pH Jo[1l2f3]4]s5]e]7[s8]ofwofujizfiz|n

= Al r— Nepiral ¥——— Bagie ——

()  Byusing universalindicator:
Universal indicator is formed by mixing together different indicators. Universal indicators
indicates differcnt colours of solution at different pH values whichis givens as under:

' Colours Red Orange | Yellow Green Blue |Deed Blue| Purple
| pH 0 3 b 7 % 10 14

m Hrite down approximate pH of some common materials at 25°C.

Ans, Material pH Marerial rH
1.0 M HCI 0.1 Bread 5.5
0.1 M HCI L Potatoes 5.8
10 M CH.CcooH | 29 | Rain water 6.2
Gastric juice 2.0 Milk ' 6.5
™ Lemem | 23 Saliva 6.5 - £.O
Vinegar . Pure water o 7.0
If 0.0 M NaHCO, | 84 |  Eggs 78
| Soft drinks " 3.0 Apples | 3
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’ Cherries 3.6 Sea water | 8.5
_ Tomatoes - 4.2 Milk of magnesia 10.5
Bananas 4.6 0.1 M NH, l 1.1
Grapefruit 3.1 0.05 M Na,CO, ETY
Oranges | T | 01mNaOH [ 130

m Define bufTer solution and write down its preparation. Karachi Board: 2005, 2007, 2010, 2011

Ans, Buffer solution:  The solutions which resist the change in their pH, when a small amount of
acid orabase isadded to them are called butfer solutions.
PH of abuffer solution remains constant and docs not change even on dilution and keeping for
long lime.
Preparation of buffer splution of pH lesser than 7 [ Acidic buffer solution ) :
Such solution can be prepared by mixing weak acids and their salts with strong bases. Mixture of
agetic acid and sodium acetate is an example of such buffer solution:

CH,COOH + CHCOONa, = Buffer solutions

Preparation of buffer solutivn of pH greater than_7 { Basic buffer solution ) ;
Such solution can be prepared by mixing weak bases and their salts with strong acid. Mixture of
ammonium hydroxide and ammaonium chioride is an example of such buffer solution.

NH,OH,, + NH,#F Cl = Buller solutions

gl

m Write down the needs / properties of bujffer solution. Karachi Board: 2010

Ans. Needjfor buffer solution:
i) The pH of the human blood is maintained at 7.33. A person may die if pH of his

blood changeto 7.00 or &.00

(2) Buffers are important in many arcas of chemistry and allied sciences like molecular
biology, microbiology, cell biology, soil seiences, nutrition and clinical analyses.

3) Many inorganicand organic reactions are performed in laboratory use buffer solution to
minimize any adverse effect caused by acids or bases that might be consumed or produced |
during reaction.

ﬂ How do the buffer act ?

Action of buffer: Buffer of different pH can be prepared by changing the concentration of |
CH,COONa and CH,COOH. ‘
To prepare abuffer solutionmix CH,COOH and CH,COONa, both will dissociate a follows. |

|

H.O
CH,COOH — i.".IL('IOD".q, g g | R _ (1) 5
H.0 i " |
CH,COONa — CHCOO,, + Na (1) i

Presence of CH,.COONa in the solution causes to increase the concentration of CH,CO0" on
{eommon ion), which shift the equilibrium of equation (i) towards the backward direction. This
decreases the ionization of CH,COOH. Addition of more and more CH,COONa dccrcascs the
ionization of CH,COOH which causes to increase the pH of buffer.
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Addition of a strong acid/ base to the bufter does not change the pH significantly.
(1) Whenastrong acid suchas HC! is added tothe buffer, tollowing reaction takes place:
CH,COONa + HC! === (H.COOH + WNaCl
According to above equation, NaClbeing neutral and CH.COOH being weak acid do not
change pH significantly.
(11} When a strong base suchas NaOH is added to the buffer following reaction takes place.
CH.COOH + NaOH = CH.COONa + HO
H,() heing neutral and CH,COONa being weak basic salt do not change pH
significanily,

m What is neurralization ? Give the example of normal, acidic and basic salts.

e Karachi Board: 2011

Neutralization:  Thersaction of an acid with a base i= called nentralization. As a result salt and
water are formed.

Acid +  Basc — Salt Water
HCl + NaOH = NaCl + HO

Inthe abovereaction H ionofthe acid combines OH ions of the base to form waler.,
Typesofneutralization:

(i) Complete neutralization
{ii) Partial neutralization
i} Compilete neutralization: [ this type, an acid completely neutralize the basc. As a
result neutral salt is produced.
NaOH =+ (HCl,, == NaCl, + HD

(ii) LPartial nentralization:  Neuwalization reaction in which an acid partially neutralice a
base or a bass incompletely neutralize an acid is termed as partial neutralization reaction as a
result ueidic or basic salis are formed. For example:
H,50, + NaOH =  NallS0Q, + [L.O
{ Acidic salt)
HCl — Mg(0OH ), === Mg ({OH}LCl + HO
{ Basicszalt)

Solved Problems of  Texthook -

Oxadation Number |

Example I: (rive the oxidation number of tin in SnCl, and SnCi,.

Sofution: !
Since oxidation number of cach chlorineatom is -1, hence total negative charge in SnCl, is -2. |
To balance the negative and positive oxidation number, the oxidation number of Snmust be + 2,
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Q.N. of Sn in Sn? Cl," = +2

Similarlyin SnCl, the ON.of Sn = 4
O.N. of Snin Sn"Cl; - +4

(RTINS Give the oxidation number of Nitrogen in HNO,,
Solution:
In HNO, the O.N. of oxygen is -2 since hydrogen is +1 therefore O.N. of nitrogen is +5.

ON.of N in H'N0O? = ks

Determine the oxidation number of S in 80, .

Solution:

The total oxidation number of three oxygen atoms is -6. -2 isbe left as the charge on the whole
ion, therefore, the oxidation pumber of sulphur is +4,

G.N,ﬂf S = I S'-{J.::-:'.l [,1

Balance the oxidation of H,§5 with HNO, by ion electron merhoil.,

Step 1: Write the skeleton equation:
HNO, + H.5 == INC) o 3w H0

Step 2: Transform molecular equation into ionic form:
NO, + H.5 —+ NO+ 5§
Theaoxidizing agent is the nitrate ion NO', (Undergoes decrease in oxidation state).
Thereducing agentis H.S (since sulphurundergozs increase in oxidation state).

Step3:  Splitthe ionic equation into two partial equations (oxidation reduction):
NTO, i N70O" (reductionof N from +5 to +2)
H.§" — g {oxidationof § from -2 to 0)

Stepd:  Balancethe partial equations, Since medinm is acidic, oxygen and hydrogen atoms
are balanced by adding H . and H':
In the first partial equation, 2H,0 must be addad to the right side to balance the
oxveenatoms. Then 41 are added to the left to balance hydrogen.
NO, + 4H — NO +2HO
In the second partial equation, 211 arc added to the right side to balance two hydrogen
atoms on the left.
HE —_— 5+ 2H
Step 5 Charge is balanced in the partial equation by adding electrons. The first equation,
the net charges on the left is 4+ (1-) = 3+ and on the right is zero. Hence 3
electrons are added to the Teft side.
NO, + 4H + 3e —_— NO + 2ZH,0
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In the second equation, the net charge on the right is 2°, 2 electrons are added to make
itzeroas on the left.
H,S — S+2H + 2¢
Step6:  In order to equarte the electron lost and gained, the first partial eguation is
multiplied by 2 andthe second by 3 (cross multiplied).
INO; + 8H + 6e’ — 2NO +4HO
3H,S i 35+ 6H + 6e
Step7:  Canceloutthe electrons and add the partial equations:
2NO,+3HS+8H — 2NO + 38 +4H,0 + 6H
Since 6H' are common to both side hence they are cancelled.
2ZNO, + 3HS + 2H —— 2NO + 35 4 4H.0 (Balanced)
This equation may be corrected back to molecular form:
2HNO, = 3H.S ———  2NO + 38 + 4H.0

(B0 11 H The oxidation of FeSO, by KMnO, in acidic solution.

Solution:
Step 1:  The skeleton equation:
EMnO, + H.,50, + FeSO, ——s  MnSO,+ Fe(S0,),+ K,80,+H,0

Step 2: Transform into ionic form:
Mn0, + Fe* ——— Mn" + Fe"

Step 3:  Make partial equarion:
Mn, _ Mn*
Fe' —_ Fe'

Step 4:  Balance the equation:
MnO" + 8II' —  Mn" + 4110
Fe' —_— Fe"
Step 5: Balance the charge by adding electrons:
MnO* + 8H" + ¢ ——  Mn" +4H,0
Fe™ —_ Fe' + le

Step 6:  To equate the electrons lost and gained, multiply the second equation by 5;
MnO, + 8H' + 5e — Mn" + 4HO0
5Fe” —_— 5Fe” + 5¢

Step 7:  Afier cancelling electrons, add the two partial equations:
MnO, + 5Fe” + 8 —— Mn'' +5Fe" +4H,0 (Balanced)
To convert back to the molecular form:

2KMnO, + 10FeSO, + 8H,80, —— 2MnSO, + 5Fe,(S0,), + K,S0, + 8H,0

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 254 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Solutions and Electrolytes

(NNl Wharis pH of 0.004 mol dm’ HCI ( fully dissociated ) at 25°C ?

Solution:
The fully dissociated HCI has[H'] 4.0 * 10" molcdm”, 50
pH = -log (40 x 10°) = (-log4.0) + (-log10°) = 0.06 + 3 = 2.40
pH = 240 Ans.

XNV The pH of a solution is 9.63. Compute its hydrogen fon concentration.

Jeiti

The pure exponential number is 1 " converting this number to amixed number, we have
lﬂ.uqi = luﬂﬁ_: w 1[]..] - 1[]I'||T w l{} (8]
[H'] = 234 = 10"

Therefore, the concentration of hydrogenion inthissolutionis 2.34 = 10" moldm”,

Solved Problems From Past Pa pers

) —

Calculate the molarity of the solution prepared by dissolving 4.5 gm of NaOH is
S00cm of water.

Solution: Karachi Board: 2014

Mass = '4.5pm Volume = S500em’ or 0.5 dm’
Molarity = 7 No. of moles = ?
Molecular mass of NaOH = 23 + 16 + | 40
_ _ Mass in gm 4.5 _ - :
No. of moles e 20 = . (1.1125 molcs
; No. of moles 0.1125
Mol = : . n —— = (225
o i Volume is dm 0.5
Molarity of NaOH is 0.225 mol/dm’ . Ans,

3.86 gram of NaOH is dissolved in 2.5 dm’ of solution find its molarity. !

Solurion: Kurachi Board: 2013
Mass of NaOH - 3.86 gm
Volume of solution - 2.5 dm’ |
Molarity = 2 '
Molecular mass of NaQH = 41
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Mass of solute

e eiLy Molar Mass * Volume of solution
Molarity -4% = (.0386
Molarity = 0.0386 Ans.

Which one is more concentrated 1 M NaOH or 1 molal NaOH aqueous

sofution? Explain ir.
Selution: Karachi Board: 2008

| molar NaOH solution means 40gm of NaOH in | litre of solution.
| molal NaOH solution means 40gm of NaOH in 1kg of solufion.

The concentration of both solution is the same.

| SUE- Nl Find the molarity of 0.5gm of NaOH in 250 e’ of agueous solution.

Solution: Karachi Board: 2007
Mass of NaOH = (.5gm
Volume of solution = 250em’ or 0.25 dm’'
Molecularmassof NaOH = 40
Molarity = 7
Formula: Molarit Given mass
. y Molecular Mass x Volume in dm'
0.5
i 40 = .25
-0.5
= — = {05
M 0 (.10
Molarity = 0.05 mol/dm’ Ans.
Determine the weight of a solute vequired to prepare Sdw’ of 1.2 M NaOH
solution.
Solution: J Karachi Board: 2006
Mass of NaOIll = 3 i
Volume of NaOH solution — 5dm’ |
Molarity © = 12M |
Biiatin M - no. of moles

Volume in dm’

Mass in gms
Molecular mass » Volumein f
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Mass in gms

= F 40 » 5
= Mass in gms
o 200
Mass = 1.2 = 200
Mass of NaOIl = 240 gms Ans.

I N SUR M A 500 cm’ solution is prepared by dissolving 1.26 gm of HNO, in H.O
caloalate the molerity.

Solution: Karachi Board: 2004
Volume = 500cm” = 0.5dm’ Mass = 1.26 gm
Mol Massof HNO = 63gm Molarity = 7
Mass in yms
Fi la: il = = , :
o Mol. Mass * Volume in dm
1.26
M -"—--—-—r-—63 < 03 0,04
M = 0.04 moles/dm’ Ans.

19.6 gm of H,SO, is dissolved in 500 cni’ water to make solution. What mass
of NaOH should be dissolved in 250 coi’ of water to prepare the solution of

the same molarity as that of H,50,.

Solution: Earachi Board: 2017
Mass of H,50, = 19.6gm
[
Moleot H,50), - % = (.2mol
Volume of H,S0O = 5o = o w OFdn
o S © 100 T
. 0.2 :

Molarity - 5 = 0.4 mol/dm’

; o )
AroanboENeOY = Malarty = Molecular mass * Volume

1000
_ 04 % 40 x 250

1000

Mass of NaOH = 4gm Ans.
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Problems of pH
WSO pH of asolusion is 8.4, Calculate the H ion and OH ion concentration.
Solution: Karachi Board: 2013
pH = &4 [H'] = ? [OH] = ?
W know that;
pH = -log[H']
B4 : -log[H']
Multiplying by -1 on both sides:
-84 = log[ H ]
Taking antilog on both sides:
antilog (-84 ) = [H ]
[H ] = 398 x 10" M
Mow for [ OH ]
pH + pOH = 14
84 + pOH - 14
pOH = 14 - 84
pOH = 5.0
pOH - -log [ OH']
5.6 = -log | OH ]
Multiply by -1 on both sides:
-5.6 = log [ OH ]
Taking antilog on both sides:
antilog (-5.6) = [OH]
Result: [OH] = 25118 < 10° M

It gm H.80, has heen dissolved in excess of water to dissociate it completely
into ions., Calculate the:
(il Number of moleculesin 10 gm of H, SO, '
fii)  Number of positive ions, ‘
Solution; Karachi Board: 2016 |
|

Mass = 10 gm

Molecular mass of HS0Q, = | =22+32-16%4 = 2432464 = 98amu
No. of molecules = 7

MNo. of positive ions = 7

We know that:

255 in N
Mo, of molecules SNSRI 2 Ny

Molecular Mass

10y (6.02 = 10"
No. of molecules - (10) ¢ 35 )
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,JJ\F% ."-lhl:.ll:llh and |':IL'.'I|'-r|j'h'- %’Eﬁ
Mo. of molecules = 6.14 x 10" molecules Ans.
No. of positive ions = 2x6.14 x 10"
No, of positive ions = 12.28 x 10” ions Ans.
Find the pH of 0.004 mol/dm’ of HC! { fully dissociated ) at 25C°.
Solution: Karachi Board: 2005, 2001

[H'] = 40 = 10" mol/dm’ ,
pH -log[H'] = -log [4.0 % 107] = (-log4.0) +(-log 10°) = -0.60 + 3

pH = 240 Ans.

m What is the H and OH ion concentration of a solution having pH
equals to 7.86 7

Solution: Karachi Board: 2010
pH = 786 [H'] = ? [OH] = 17
For calculating [H ]:
pH - -log[H ]
7.86 - -log[H]
[H] - antilog (-7.86)
[H] = 1.3 x 10* mol/dm’
|
For calculating | pOH |: :
pH + pOH = 14 :
pOH = 14 - 7.86
pOH = 6.14
pOH = -log{ OH ]
6.14 = - -log[OH]
[OH] = antilog 6.14
[OII'] = 7.24 » 107 mol/dm’
NN Calculate pH of 4.6 » 10" M solution of HCI.
Solution: Karachi Board: 2006
pH = ? [H'] = 46 > 10°M
Formula: pH = -log [H]
pH = -log[46 = 107]
pH = -(-2.33)
pH = 2.33 Ans.
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What is the pH of 0.002 M NaOH solution ar 25°C ?
Solution: Karachi Board: 2015
Data:
[OH] = 0.002 M
pH ?
pOH = -log[OH] = -leg(0.002) = 2.70

As we know that:
pH -+ pOH = 14
pH = 14 -pOH = 14 - 2.70
pH = 113 Ans.

QOGN EER The agucons solution of 0.3 M Mg ( OH ), is 60% ionized. Calculate ity pH.

Solution: Earachi Board: 2016
Percentage dissociation = 6%
Molecular mass of Mg{OH), = M.+ 2(17) = 58amu
Molarity = (0.3 M
. . 0.3} (7N ama
[ OH] =~ 1004 1 018 M
pOH -log[OH] = -log[0.18]
pOH = (1L744
pH = 14 - pOH = 14 -0.744
pll = 11.256

Jatin AR Calculate the pH & pOH of a solution of Nitric acid whose concentration is
2.0 x 10-2 mole / dm’ .

Solution: Karachi Beard: 2017
pH = =log[H'] pOH = 14 -pH
pH = -log[2.010°] pOH = 14 -1.7 i
pH = L70 Ans. pOH = 123 Ans. '
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Problems on Oxidation Number
Find the oxidation number of :
i) Mn in MnO", (i) N in NCI,
(iii) Fe in Fe, (S0,), (ivy P in H,PO,
Solution: i Karachi Board: 20035, 2011, 2013
{i) Mn in Mn(, i) N in NCI,
Let X = Mn Let X = N
Mn +0Q, = -l x+Cl, = 0
x+(-2%x4) = -l x+(-1%x3) =0
x-8= -1 k=3 = U
X = .] + 8§ X = +3
X = +7 N = 43 Ans.
Mn = +7 Ans.
fiii)  Fe in Fe,( 80,), fiv) P in H, PO,
Let Fe = x leter P = x
Fe, = 2x H, +x + 0O, = 0
A+ (2%3) =0 (1 %3) + x + (-2%4) = 0
2x = O +3 + x + (-8) = 0
X = 3 xX-5 =10
Fe = +3 Ans, X = 45
P = +5 Ans.
m Find the oxidation number of :
(i)  Crin K, Cr,0, (i) S in Na,S.0,
Solution: Karachi Board: 2005, 26, 2011
fi) Cr in K, Cr, O, fii) S in Na,5,0,
2(E) +2(Cr)+7(0) = 0 2(Na) +2(5)+3(0)y= 0
2(1)+ 2(Cr) +7(-2) = 0 2(1)+2(5)+3(-2) = 0
2+ 2Cr - 14 = 2+258-6 = 0
2Cc = 14-2 =10 25 = 06-2
Cr = 12/2 28 = 4
Cr =+ 6 Ans, 8 = 4/2
] = +2 Ans.
[STNNTNELHE Find the oxidation number of () in OF, and H in H,.
ution: Karachi Board: 2004, 2008, 2009
Oxidation Number of O in OF,: Oxidation Number of H in H,:
O+2(F) =0 In free state oxidation number 1s zero.
O+2(-1) =0 2(H) = 0
0-2 = 0 H = 0
0O = +2 Ans.
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Wl (M ERE  Find the oxidation number of the following:

f@  Clin Mg(CiO,), (b) Pin P,0]
Solution: Karoachi Beard: 2006
fa) Mg + 2(CL) + 8(0O) = 1 ih) 2P+ 7(0) = -4
(+2)+ 2(Cl} + B(-2) = 0 P+ 7(-2) = -4
+2 + 2(Cl1 - 16 = 2P - 14 = -4
Al = I6-2 2P = -4+ 14
2C1 = 14 2P = 10
Cl = 1473 P = 1042
Cl - +7 Ans. P - 5 Amns.

Balancing of Chemical Equation

WOELR{E Balance the following equations by ion electron method:

fa) Cl, + OH — (I +C00, + H0 i Basic )
b 05+, — O +10; { Acidic )
Sofution: Karachi Board: 2006, 2013
(a) Cl, + OH — (I + Cl0, + HO (Basic)
Oxidation state:
Cl,+O0H — (I + 2908 H, 0" 1)
Reduction Oxidation:
Cl, —— 2( (i) Cl' —— 20170, I {111
Cl. + 26 — 2CI' ___ {(iv) CL'+120H —— 2C1I°0,+HO ___ (v)
Cl" + 120H - 10 —— 20170, + 6H,0 (i)

Multiply eq (iv) by 5 and eq (vi) by 1, we have:
5CI +Y06 —= 10CT (vi)
201, “/120H - 106 — 201°0; + 6HO (wiii)

By adding equations (vii} and (viii), we get:

6ClL + 1200 —— 10CI + 5CI" 0, + 6H,0 (Balanced)
(b) Cr,0°+1, — Cr" +10; (Acidic) |
o0, — 207 L, — IO,
Cr,0,* — 2Cr' + 7H,0 I, —— 210,
Cr0,"+ 14H + 66 — 2Cr"+ TH,0—--(i) L, +6HO —— 210,
Multiply eq (i) by 5: L +6HO —— 210, +12H

|

: ; . ; |
5Cr0.+ TOH +30e — 10Cr ' =35H.0 L+6HO —— 210, +I12H + 10e --ii) |
|

Multiply eq (ii} by 3:
L, + 18 HO - 30 —+ 6I0; + 36H'
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GOIAR (@)  Cr(OH), + S0 — Cr0,” + S0, ( Basic medium )
b)) MnO; + C,07 —— Mn" + (O, ( Acidic medium )
Solurion: Karachi Board: 2005, 2012
(a) Cr(OH), + 80,7 —— Cr0,;” + 50, (Basic medium)
Karachi Board: 2019
Oxidation Reduction
Cr{OH), —— CrO/; S0 — 80,

Cr(OH), + SOH — Cr0;” +4H,0+3¢ (1) S0 1 H0 -2 — S0,"+20H -(2)
Multiplyeq. 1 by 2 and eq. 2 by 3, we get:
2Cr(OH), + 100H — 2Cr0, + BH,0 + 6e’ ~(3)  3S0,” + 3H,0 + 6 — 3S0." + 60H (4}

Addeqg. 3 and 4

2Cr(OH), + 10(0OH') —— 2C10, + 8H.O + 6¢

380, +3H,0+ 6 —— 3S0,” +60H

2Cr{OH), + 40H ) + 380, — 2Cr0;° + 5H,O + 380,
(b) Reduction:

MnQ, —— Mn”~

MnO, + RH® —— Mn" + 4H,0

MnO, + 8H + 5¢ —— Mn" + 4H.O (1)
Oxidation:

a8, — &0

GRS —= IO,

C.0} =—— 2C0; + 2¢ @)
Multiplying equation (1) by 2 and equation (2) by 5:

2MnO," + 16H" + 10¢ — 2Mn" + 8H,0 ) (3

5C,0F — 10CO, + 10¢ (4)

Now, add equation (3) and (4) of the above equations, we get:
2MnO, + 16H" + 106 — 2Mn™ + §H.O
5C.0° — 10CO, + 10¢

2MnO, + 5C,0,° + 16T —— 2Mn" + 10CO, + 8H.O

Solution: Karachi Board: 2007, 2010, 2011, 2018
Split the given equation into two half equation:
MnQ, — Mn" (reduction +7 to +2)
G = EO- (oxidation from +4 to +6)

Balance the atoms of H and O:
80.° + HO — EDf + 2H
MoO, + 8H —— Mn + 4H.0
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Balance the charge on both sides of equations:
SO, + H,0O — 807 + 2H + 2¢ (i)
MnO, + 8H' + S5¢ — Mn" + 41,0 (i)

Multiply 2q. (1) by 5 and eq. (11) by 2:
550, + 5H,0 —— 580, + 10H + We
2MnQ), + 10H + e — 2Mn" + SH,O

Add the above two equations:
580," +2Mn0, + SHO + 16 —— 550, +2Mn" + 10H + §H.O

Simplify the equation by subtracting H and H,O from both sides:
580, + 2Mn0O, + 6HF — 550,® + 2Mn™ + 3H,0

Now, the equation is balanced.

Wl SnRs MnO, + CI° — Mn" + Cl, {Acidic medium}
Solution: Karachi Roard: 2010-2072-20719 .
Split the two equations :
Mn"0, — Mn™__ (1) ( reduction of Mn + 7 to + 2)
00— ClP 2) (oxidation C1 -1 to 0)

Balancing the partial equations; since medium is acidic, oxygen and hydrogen atoms are
balanced by adding H.O and H :

MnQ, + 84 —— Mn” + 4H,0 - (3)

o — (4)

MnQ, + 8H + 5%¢ —— Mn’ + 4H,0 (5)

201 —— 2e + Cl, - _ (6]
Multiply eq. 5 by 2 and eq. 6 by 5, then add them to get:

2Mn0O, + 16H" + e —— 2Mn” + 8H.O (7)

10C1 — |fe + 5C1, (8)

2MnO, + 16H' + 10CIT —— 2Mn"” + 8H,0 = 5Cl, (Balanced)

Fe' + MnO, + H — F&" + 2Mn” + HO

Karachi Board: 2008, 2008

Fe* —— Te" MnO, — Mn"
Balance partial equations:
Fe? —— Fe" + le {oxidation) (n

MnQ; + 8H' + 5S¢ —— Mn’ +4HO  (reduction) ___ (2)
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To balanee number of electron, multiply eq. by 5:
5Fe” — SFe" + S¢ (3)

MNow, add equations 2 and 3:
MnO, + 8H + 5¢ —— Mn"™ | 41,0
5Fe® —» 5¢ + 5Fe"

MnO* + 8H' + 5F¢® —— Mn"” + SFe”" + 4H,0

JONTPE Cr,0° + 7 — C R facidic medium)
Solution: Karachi Board: 2007
Reduction Oxidation
Cr.0? — Cr’ I — I
0! — 20 2y — ],
Cr, 0, —— 2C7 + THO A — L+ 2¢ (2)
Cr,0* + 140" —— 2Cr” ¢ 70 Multiply eq. (2) by 3:
Cr,0,'+ 14H +66 — 2Cr'+7THO __ (1) (& —= L, +2e} x 3
6f — 3HI, + 6¢ (3)

Cancel out the electron and add eq. 1 and 3:
Cr,0,* + 14H" + 66 —— 20" + TH,0
6l —=p  3HI, + 6e

Cr0,* + 14H' + 6I' —— 3L, + 2Cr’ + TH,0

SN BL Bl Balance the following equation by ion-electron method:
Fe' + Cr,0)' + H —— Fe¢" + Cr" + HO

Solution: Karachi Beard: 2015
Reduction ; Oxidation
Cr0? — o Fe® — Fe"

. Cr0;? = 2Ct"+7HO Fe* —— Fc'+¢

14H + Cr,0.° + 6 — 201" + 6Fe” + THO Multiplying by 6:
6Fe” — 6Fe” +6¢

Adding both parts: .
14H' + Cr,0.* + 66 — 2Cr" + 6Fe” + TH,O

bFe — 6Fe” + 6e !

14H' + Cr,0,” + 6F¢” — 2Cr" + 6Fe” + TH,O
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Differences

Karachi Board: 2019

5. No, Hydration Hydrolysis
1. | The process in which water molecules | The process in which an ionic solid reacts
surrpund the solute 1ons or molecules is | chemically withwater producing H' or OH
| called hydration. ions is called hydrolysis.
2. | There is no chemical reaction between the | The reaction between solute ions and water
_ solute and H.O molecules, molecules occurs, e.g.,
' CO;”+ HO &= HCO,+ OH
3. | Inthe crystalline state of an ionic salt there is | The solution of salt in water may be basic or
a definite number of H,0 melecules as part | acidic depending upon the extent of
ofthe crystal., hydrolysis.
4. | Example : CuSO,. 5H,0 Example:
NHCl + HLO —— NH,CH + HCI
8. No. Electrochemical Cell Electrolytic Cell
1. A device which converts chemical energy | A device which converts electrical energy
into electrical energy. intochemical energy.
2. It is based upon the redox reaction, which is | The redox reaction is non-spontancous and
spontaneous. takes place only when electrical energy is
supplied.
. |
3. | Asalt bridge/ purous pot is used No salt bridge is used. 1
4. | Theelectrode on which oxidation takes place | . The electrode which is connected to the |
1s called the anode and the electrode on which | negative terminal of the battery is called |
reduction takes place is called the cathode. cathode. The cations migrate to it and gains |
electrons. Here reduction takes place. The
other electrode is called anode.
5. | Examples: turch cell, car battery etc. MaCl solution given chemical H,CI, and
NaOH.
- |8. No. Electrolytic Cell Galvanic or Voltaic Cell
L. It is a device for converting electrical energy | A device for converting chemical energy into
into chemical energy by passing current | electric energy. Spontaneous redox reaction
through an electrolyte. Chemical reaction | isused for the production of electric current.
take place.
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2. | It consists of a vessel containing electrodes | It consists of two half cells. Each half cell
and it is a source of direct current (battery). | consists of an electrode and the solution of a
| salt.
3. | Example: electrolysis of aqueous solution | Ex ample: Danielcell Zn/ZnS0O,,
of NaCl. Cu/CuS0,
- - -_— I - - r———
§. No. Oxidation Number Valency
1. | The apparent charge ( +ve, -ve or zro) | The combining capacity of an element with
which an atom would have on a moleculs other elemcnt 1scalled valency.
| oran ion is called oxidation state.
2. | It can be whole number and fractional. It is always in whole number.
3. | It can be zero. It can not be zero with exception of noble
Bases.
4, | Examples: Na', K'Mn" 0, Examples: Na™, Mg’, 0°
S. No. Oxidation Reduction
1. | Oxidation is a chemical process inwhich | p oy of o ygen from a substance is
oxvgen combines with other elements to s
: called reduction.
produce oxide.
2. | The removal of hydrogen from compound is | Addition of hydrogen in a substance is
oxidation. reduction.,
3. | The loss or removal of electrons from a | Addition or gain of electrons in a substance
substance is oxidation, is reduction.
G Positive charge decreases in reduction.
oxidation,
5. Generally oxidation takes place at electro- | Reduction takes place at electro-negative
! positive element. element. |
|
| RN T S
| 6. | Example: Na' — Na + ¢ Example: Cl + ¢ —» Cl
S. No. Oxidizing Agent Reducing Agent
1. The donor of oxygen to a substance is The accepror of oxygen form a substance
called oxidizing agent. is called reducing agent.
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2 The. ﬁcceptnr-nf.hydmg en.. - The donor of hydrogen.
3. | The acceptor of electrons from a The donor of electron to a substance.
substance.
- 4. Fl:hc:r'_ﬂ_ﬂ: electropositive in nature, They are ¢lectronegative in nature.
l 5. | Oxidizing agents are electrophiles. Reducing agents are nucleophiles,

Solution of Textbook Progress Test - 7
| r

{a) “The ability of ion depends upon its charge density®™. Comment on the statement. .
(b} What is essential difference between hydration and hydrolysis !

Ans,  (a) See Q 9 onpage 243,
i) See differences | on page 270.

What is ionization theory? How does it explain the conductance of electric current
through solutions?

Ans. See Q 11 and Q I5 onpage 244 and 245,

What is electrolysis? Explain by giving the example of CuCl, . Give all necessary
electrode reactions.

Ans. See Q 12 and Q 15 on page 245.

electrochemical series?

u Write detailed note on electrode potential. What do you infer ﬁ'nm. the

Ans. See Q 16 & Q 22 onpage 246 and 249,

m fa} Define Oxidation number, oxidation and reduction.

Anms. See Q 23 & Q 24 onpage 249 and 250.

i) Give the oxidation number of :

{i) Crin K,Cr,0, (ii) & in Na,§,0,
(i) Cin C,H,0 (iv)  Mn in MnO,
v) N in NCI, - () O in OF,

Ans. See problems 17, 18 and 19 onpage 265 and 266.
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Solutions and Electrolytes

For (iii) Cin C,H O
Solution:
W +6(+H)-2 = 0
2C+6 - 2, = 0
2C =  -6+2
C = '; = -2 C =2 Ans.

m_ Enumerate the rules for balancing the redox equations by ion electron method .

Ans. See Q 27 onpage 251.

Balance the following equation by ien electron method .

@ T+ H I, — OF + 107+ HO

(i) MnO, + SO + H' —— Mn" + 8507 -

(iii) ~ Cr(OH), + 807 —— Cr0] + S0, (Basic)

) Oxidation of CI' by MnO, in acid solution,

; KMnO, + KCl + H,50, — MnSO, + K,50, + HO +
W) ' MnO, + SO + OH —— Mn" + 50,

_
: 0

Ans. (i) Seeproblem 20(b) onpage 265, {ii) Seeproblem 22 onpage 267,
(iii}  Seeproblem 21 (a) onpage 267. fivi  Seeproblem 23 onpage 268.
v MpO, + 830" + OH° —— Mn" + SO°
tion;
Break into two half reaction:
S0 —— 80, MnQ0, —— Mn"™
$0," + 2(0OH) ——= S0,° 4,0 + MnO, — Mn"+ 8(0OH)
2(0H)+80," — S50,*+H,0 5S¢ +4H,0+MnO, — Mn" +8§ (OH) (b)
2{0H) + 80, — S0+ H0O + 2¢ fa)

Multiply eq.aby5 and eq.bby 2:
10(OH ) + 580, =— 580,% + 5H,O + 10e
10e” + BILO + 2MnQ,; —— IMn™ + 16(0OH)
580, - 3H,0 + 2MnO, —— 550," + 2Mn" + 6{(OH) Amns,

M What are indicators? How can you explain their behavior?

Ans. See Q 28 onpage 252
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Solitions amd Eleciraly les

(i) pH (i)  neutralization (iii)  Buffers
Ans. See Q 32, 35 and 38 onpage 253, 255 and 256.

m Define pH. Whatis pH of 0.IM HCI at 25°C ?

Ans. See Q 32 onpage 253.
HCY isstrong acid. Itionizes completelyinto 11 and CI.

[H] = 0.1M - 1 x 10" mol/l

pH = -log[H™]

pH = -log[1 = 10"]

pH = -[legl = log IIEF'] {as log 1 =0)
pH = -[0 + (-1)]

pH = 1 Ans.

m What are strong and weak acids and bases? Give appropriate examples.

Ans. See Q 31 onpage 153,

Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 270 of 298)






