Chapter # 12

,

12.1 Oxidation-Reduction Concepts
12.2 Electrode ‘ “ iy ;
lectrochemical Cells : ?
pebtandard Cell Potential and Standard Electrode Potential
12.5 Modemn Batteries

126 Corrosion

The students will be able to:

* Givethe characteristics ofa Redox reaction. (Understanding)

® Determine the oxidation number of an atom of any ¢lement in a pure substance.
(Applying)

® Define oxidation and reduction in terms of a change in oxidation number.
(Applying)

* Use the oxidation-number change method to identify atoms being oxidized or
reduced in redox reactions, (Applying)

* Usethe oxidation-number change method to balance redox equations. Applying)

* Balance redox reactions that take place in acid solutions. (Applying)

* Breakaredox reaction into oxidation and reduction half reactions. (Applying)

*  When given an unbalanced redox equation, use the half reaction method to balance
h . 2 .-m' A l -n -

¢ chg:m catbédcl:pailog:, electrode potential and S.HE. (Standard Hydrogen

. m"nﬁfytlze(skubstanoeoxi(gigzcd and the substance reduced ina dry cell. (Applying)

* Use the activity scries of metals to predict the products of single replacement
Teactions. (Analysis : :

* Define ml(lpotezstial), and describe how it is determined. (Understanding)

4 Descﬁbe the reaction that occurs when a lead storage battery is rechalgcd.

(APPlylng)

0 7.4 :

'« Explain how a fuel cell produces electrical energy. (Applying)
' Define the standar d-élegmdtrdde potential of an electrode. (Remembering)
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‘of one or more cells and is used to produce electric current by converting chemigg |

'~ is called reduction. Reduction is the reverse of oxidation.

| reaction is called oxidation.

. |

Introduction
Electrochemistry is the branch of chemistry which deals with the vonversion o
electrical energy into chemical energy in electrolytic cells and chemical energy ipo
clectrical energy in galvanic or voltaic cells. Electrochemistry has lots of imponam
applications but we are going to discuss few of them.

A cell consists of two electrodes that are dipped into an electrolyte yseg ¢,
interconversion of chemical and clectrical energy. Battery is a device that congig,

energy to electrical energy. Some examples of batteries are dry cell, silver batteries |
NiCad battery, lead storage battery, and fuel cells. These batteries are used to oy 1
radios, digital watches, calculators, cell phones, laptops, CD players, flashlighis

toys and hybrid cars.
Furthermore many essential industrial chemicals and materials such &

caustic soda (NaOH), chlorine, aluminum, hydrogen, oxygen, and hydrogen

peroxide are manufactured by electrolytic processes.
Electrochemical processes are not always advantageous; that is, there are son

electrochemical processes that damage the materials such as corrosion of iron. T#
main target of electrochemistry is to prevent the corrosion to reduce the loss®

materials.

12.1 Oxidation-reduction Concepts

12.1.1 Oxidation and Reduction

Oxidation and reduction can be defined in three different ways:

i) The addition of oxygen to a substance during a chemical reaction is cﬂl?‘
oxidation while the removal of oxygen from a substance during a chemical |

PhO + C ———> Pb + CO : -

In this reaction, lead oxide is reduced to lead by losing oxygen while carte®

oxidized to carbon monoxide by gaining oxygen. ol
ii) The addition of hydrogen to a substance during a chemical reaction 13 ¢
reduction while the removal of hydrogen from a substance during 3

H,8 #iCh =S - 2 1O

In this examwc,. h){drogen sulphide gas is oxidized to sulphur L/

hydrogen while chlorine is reduced to HCI by gaining hydrogen.
(412)

Scanned with CamScanner



i
’

P

i) Loss ofone ormore electrons by a substance is called oxidation while the gain
afone or more electrons trom a substance is called reduction.
:\‘l 1 ( t‘ 3 . -\\! ( l
In this reaction, sodium is oxidized to sodium ion by losing electrons and
chlorine is reduced to chloride ion by gaining electrons. The element that loses
the electrons during the reaction is said to be oxidized, Its oxidation number
increases. The element that gains electrons during the reaction is said to be
reduced. [ts oxidation number decreases,

, 12.1.2 Oxidation Numbers

The apparent charge, positive or negative, which an atom would have in a
compound, is called oxidation number. It is also known as the oxidation state. It
enables us to identify the elements that are oxidized or reduced. The elements that
show an increase in the oxidation state are oxidized while the elements that show
decrease in the oxidation state are reduced.

Rules for Assigning Oxidation Numbers

i) The oxidation number of an atom of a free element is zero. Hence, each atom
in H3, N3, 0%, By, Na', Mg’, F¢’ and Zd' has zero oxidation numbers.

i) In compounds, the oxidation number of hydrogen is +1 except in metal
hydrides where it is - 1. Hence, the oxidation number of hydrogen is -1 in LiH, NaH,
and CaH,,

iii) The oxidation number of oxygen is -2 in all its compounds (e.g. CO, and CaO)

ticept in peroxides and superoxides. In peroxides, it is -1 (e.g. H,0, and Na,0,)
“ndinsupéroxides, it is-1/2 (e.g. Koz) The oxidation number of oxygen in oxygen

difluoride, OF, is +2.

%) The oxidation numbers of alkali metals, alkaline earth metals (Group I1A) and

Boup IITA elements are + 1,+2and+3 respectively.
Y The oxidation number of halogens (Group VIIA elements) is - | in their binary

%potmds (NaCl, KBr, and AICl,). Ih_g_hal@gens except fluorine show positive

k »Mg2 Al and 0% have +1,+2, +3 and -2 oxidation states respectively.

(413)
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) 'ﬂ)e oxidation number of a monoatomic ion is equal to the charge on it. Hence,

Y In Polyatomic jons such as CO; 2 80;7 and PO;’ the sum of oxidation




number of atoms of different elements 1s equal to the net Chargc on l
carbonate ion (COy), the oxidation number of carbgy i ’34 1on_ e
" S~

of oxygen 1S -2 Hence, the sum of oxidation numbers is 1(+4)43 (2)=cg
viii) The sum of oxidation numbers of all the elements in a neutry| lenpg '
equal to zero. For example, in potassium permanganate (KMnO,) the ux:;:gu
qumber of potassium is +1, manganese 1 +7 and that of oxygen is -2 Hence I
sum of the oxidation numbers is 1(+ 1)+ 1(+7) +4(=2)=0. e
ix) In any substance, the more electronegative atom has the negative oy, -
number while the less electronegative atom has the positive oxidation number

#x) The same element may show different oxidation numbers in differs
the oxidation numbers of sulphur in disulphur dichlog

ompounds. For example,
sul hur dioxide (SO;), sulphuric acid (H,SO,), and hydrogen sulphi
8 : )

example, in the

+4, +6, and -2 respectively.

Calculate the oxidation number of nitrogen in HNO,.

bojton :
The oxidation number of hydrogen is +1 and that of oxygenis

number of nitrogen in HNO, is calculated as:

I (+1)+ 1(N) +3(-2) =0
S AN =6 =0

N —5..=0 4

\
* Example 12.2
Find out the oxidation number of chromium in K,Cr,0.
The oxidation number of potassium s +1 and that of oxygen s
numberqt"cb;omiuminKQCr,-O, is calculated as:
2t + 2C) + 7=2) = 0

_2. The oxidalite

204200 -4 =)
AL, R
(AR = +12

s = +122

\. Tij - SR

———
(414)
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(" Example 12.3 |

Find out the oxidation nubé
Solution:

of nitrogen in NH}',

as.
I(N) + 4(+1)

The oxidation number of hydrogen is +1 and that of nitrogen in NH}' is calculated

= +l
N -+ 4 = 4]
N = +1-4
N = -3
( .E’!!"‘P"u.-‘ |

What is the oxidation number of carbon in HCO
Solution:

-1
37

number of carbon in HCO3' is calculated as:

I(+) +1(C) +3(-2) = 1

e N R S O N S
B~ 5 =]
C -1 +5
C = +4

The oxidation number of hydrogen is +1 and that of oxygen is -2. The oxidation

12.13 Recognizing Oxidation-Reduction Reactions

R

The reactions that involve oxidation and reduction are
called oxidation-reduction reactions. They are also
h"c’“fn as redox reactions. Oxidation-reduction
‘eactions can be considered as electron transfer
Teactions, In the process, the electrons may either be
ansferred from one substance to another to form ionic
D0nds or shared to form covalent bonds. The process of

“+

. OXidation and reduction occur simultaneously during a

The number of electrons
shared, gained or lost by an
atom of an element is called
valency whereas the

apparent charge, positive of
neganva Whinh an atom
would have ip 5 compound

'Echel.nical reaction, Both of these processes occur in
(419)

s called oxidation State
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To identify the oxidation-reduction reactions, one should know that gh,
change in oxidation number occurs during the oxidation-reduction reaction_

Consider the reaction in which zinc metal reacts with a solution of Aqueq,
copper sulphate containing copper ions:

Zngy + €80, . —> ZnS04up Cug

This reaction can also be shown as:

0 42 =2 o
R Cu'sy + S0y —— L ,
This is a redox reaction in which zinc metal is oxidized; that is, the ze T

o +2. The copper ion is reduced; that i, the

!

J S()4‘E;|L]I L2 Cu:‘v,,l

oxidation number of zinc is converted t
+2 oxidation number of coppet ion is converted to Zero.
A redox reaction is the sum of two half- reactions;

reaction and a reduction half-reaction.
Redox reaction = Oxidation half reaction + Reduction half reaction

An equation which shows either loss or gain of electrons is called haif
reaction. A half-reaction which shows the reactant that loses electrons is called
oxidation half-reaction whereas a half-reaction which shows the reactant that gains
electrons is called reduction half-reaction. In oxidation half-reaction, the electrons
appear on the product side of the equation whereas in reduction half-reaction, the
electrons appear on the reactant side of the equation. The above reaction canbe
separated into two halfreactions as:

Oxidation half-reaction: Zn;, —— Zng, + 2e

. . 2 2 ‘ £
Reduction half-reaction: Cug, + 2¢ —— Cuy,

that is, an oxidation half-

Applications of Redox Reactions in aﬂ?lﬁ'&ﬂ -
Applications of redox reactions are numerous but we are going to discuss
e The burning of wood, paper, coal, and gasoline in the presence of air 15
combustion, which is rapid redox reaction. Liessns 2 o

« Many biological redox reactions provide energy that is ,equmdw*
organisms to sustain lfe. The most familiar s the process of metabolisms Wi |
complex process. The oxidation of carbohydrate is an example of metab ot
process. In this process, a carbohydrate such as gluedso reacts with oxyg®
pmduccCO,andwawrwiththeevoluﬁon.ofw, R 2 i) : |
C‘leos i 602 =Tk 6C02 5 6H20 +W« el

- (416)
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Lo Redox process is also responsible
' ~ wvariety of batteries that are LSQ

.
g §

' tor the operation of batlfél?iés;; T
d 1o power man of iond sk an:
' 5 v uselul devices such as
l{ s ‘mdios’l aplop computers, walches. and portable music players w e
B N_bm{;g ~ag::1tf lm-c oXidizing agents that are used to decaloniie o lighteiiie ‘
PRt such as paper, fabrics: and human hair. By redox reactions,
~ elemental chlorine is used (o bleac i S L
~ hypochlorite (NaOCT) is ¢ach wood pulp to make white paper. sodium
! ﬁypac _‘4 rt : # A U I5 used (o remove stains from clothes, and hydl’ogen
B delsusedto convertredheads into blondes ofsort. . BNTe
[ . g WE i.__l_Qn.s‘are 1ol ‘}1W§Y§ beneficial. The decay of' metals by oxidation such as
! Qiistng ofiro in the moist air is called corrosion. Corrosion is a spontan eous redox.

onand damages gsngc‘ia Ily those materials which are made of'iron.
» ts_-irsdo;_; process that 1s used to improve the hardness, ﬂability and
‘metals (objects) and to protect them from corrosion, J

12.1.4 Balancing Oxidation-Reduction Equations by Oxidation
‘ Number Method:

The following rules are used for balancing of redox equations by oxidation number
method.

I} Writedown the skeleton equation for the reaction under consideration.
i) Write down the oxidation number of each atom above it.

iif) Identify those atoms whose oxidation numbers are changed during redox
reaction.

) Recordthe oxidation numbers above the atoms whose oxidation numbers have
thanged. i

V) Indicate the change in oxidation number by arrows joming the atoms on both
Sides of the equation. Arrows show the number of electrons gained or lost by single
lomonly.
) Equate (to make balance) the number of electrons gained or lost by
Multiplying with a suitable number.
i) Balance rest of the equation by inspection metho_d.

e ——

LY
1725
SRR S L S

nce he folloing equations by oxidation numbermethod:
S0 == CuNO,), T NO, 7 H,0
:0;#HCl —— KCl+CrCl +Cl+H,0

= e

. e s B~

(417)
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solution: (a) RPN
. Write down the skeleton equation for the reaction.

Cut+HNO, — Cu(NO,),+ NO, +H,0
Write down the oxidation number of each atom above it,

ll) rLE 7 G Oae )
1(:!1 )I(:;H(j) l(:zl') zil-(:])bi—lih It;-th.uv »t:lm(:zl,u
BN O N0 )y N 0,+H, O
i) Identify those atoms whose oxidation numbers have changed during
reaction, : »
fl +3 155nS
Cut+ HNOy—— CU(NO_z):*NO:""HzO |
In this equation, the oxidation number of copper has changed from 2en0i
+2 and that of nitrogen has changed from +5 to +4. We should v
HNO, twice on the left hand side because the oxidation number of
nitrogen remains same (+5) in Cu(NO;), and changes (+4)inNO..
+3 +1 +4
HNO,+ Cus HNO; —> Cu(NOy), +NO,+H,0 |
iv) Draw arrows between the same atoms whose oxidation numbers have
changed, and show the number of electrons lost, or gained by anaton. '
No, of 65 1ast [Oxidation) =2x 1 =2 i
v ¥
0 +5 +2 +4
HNO3+CU+HI}IO3——} Cu(NO,), +¥02+H20
No. ot es gained (Reduction)=1x2=2 :
One copper atom lost 2 electrons and two nitrogen atoms ==
electrons. | o
v) Multiply HNO, and NO, by 2 to balance the number of clectroni ™
gained during the reaction.
This equation can also be written as: .
. g".+ 12,”93 — Cu(NO,),+2N0,+H,0
B cot 4Hi:n(§e restofthe equation by inspection method.
Cii % |
3 » Cu(NO,),+2NO, +2H,0
Solution: (b)
i) Writedown the skeleton equat; _ '
K,CrsOy + HCl —— I‘(qg}?:l-ocn for the reaction.
rC13 + Clz + H.‘!O
(418)
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~ Write down oxtdation numbers ol each atom above it. 1

(#6) 7(-<) 3(-1) 2(+1)
*I;‘ l': ' 3 "‘: —2

| } I .| 5
% 4 r A\l ‘\4 1. n
K, (-r: 07 -L]I(_' — I\(.""(.‘I(_];'LK‘)' K‘,‘ (—)
B | dentify those atoms whose oxidation numbers have changed during the

:‘4”: 2]
"

react;‘on‘ . 2
%, Cr0; + HCl —— KCl+CrCl, + Cla+ H.0
| nthis equation, oxidation number of chromium has chan ged from +6 to+3
| andthat of chlorine has changed from -1 to zero. The oxidation numbers of
chlorine in KCI and CrCl; remain same (-1). We should, therefore, write
' HCI twice on the left hand side. One HCI for those chlorine atoms whose
" oxidation numbers have changed and one HCI for those chlorine atoms
~ whose oxidation numbers have not changed.

1 b +6 =1 I3 0
) Draw arrows between the same atoms whose oxidation numbers have

- changed and show the number of ¢lectrons lost or gained by an atom.
. No. of & lost (Oxidation) = 1 x 2 =2

: +6 ‘ -!l +3 l
HCI+K, Cr, O; + HCl — KCl+ CrCly +Cl, 4 H, 0
v )
| No. of &5 gained (Reduction) = 3 x 2= 6
Here, two chlorine atoms have lost 2 ¢lectrons while two chromium atoms
: _.;.#gvegaincd 6 electrons.
I Multiply HC1 by 6, Cl, by 3 and CrCl, by 2 to balance the number of
Qé‘ilWODS'lostﬂorgained.
. HCKCr0. +6 HCI ——» KCI+2CrCL+3CL+H,0
*»"ﬁ“ﬁ'ﬁﬁlmﬁerestof the equation by inspection method.

CER0+14HCL — 5 2K C14 2CrCl,+3CL + TH,O

e

' ! ( ) K~ ';-j‘;:i":'" 9:
R ANcing of Oxidation Reduction Equations by the Half

Ty 198 Method:
elag, o odofbalﬂﬂcing the oxidation-reduction cquations is also known g
" Method. The following rules are used for balancing of redoy

(413)
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equations by the half reaction method:

1) Write down the skeleton equation which
actually involved in the reaction.

it) Split up the equation into two hal
reactions.

iii) Those atoms, molecules or ions should be W
all unnecessary species.

iv) Balance all atoms on either
oxygen.

v) Balance oxygenatoms by ad

vi) Balance hydrogen atoms by adding H
basic solution.

vii) Balance the charges by adding clectrons.

viii) Balance the number of electrons lostor g

each halfreaction with a suitable number.

Add both halfreactions in such a way that the

final equation.
x) Cancel outsubstances which are presenton

shows only those species thy

iy
f reactions i.e. oxidation and reductiop o
ritten which really exist. Remyo:

side of the equation other than hydrogen

ding H,O molecules.

ions in acidic solution or OH jons g’
ained during reaction by multiplying
electrons must not appear infi

both sides of the equation.

Balance the following equation by halfreaction method:
KMnO, + HCl —— H,O + MnCl,+ Cl,

Solution:
(i) Writedown the skeleton equation.

KMnO, + HCl —— H,0+MnCl, + Cl,
(i) Now write the species which are actually involved in the reac

remove all un-necessary species.
MnO; + CIT ——— Mn™? + ¢,

(iii) Splitup the equation into two halfreactions |
M!_l 0; —— Mn” (Reduction half reaction)
| Cl ——"’ Cl, (Oxidation half reaction)
(iv) Balancechlorineatoms by multiplying 2 on lefthand side.
2CI — Cl, |
(v) Balancethe charge by adding 2 electrons on right hand side.
2Cl — Cl, +2¢ x (A)

tion

Frrrssssssssranan

(470)
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Balance oxygen atoms by adding 4H,0 molecules on R.HLS.
MnO; — Mn" + 4 H,0
(vii) Balance hydrogen atoms by adding eight H jons on L.H.S.
MnO; + SH' — Mn™* + 4 H,0
(viii) Balance the charge by adding 5 electrons on L.H.S.
MnOj +8H +5e —— Mn™2+ 4 H,0 -ovoveneein (B)
(ix) Multiply equation (A) by S and equation (B) by 2 to balance the number
ofelectrons lost or gained,

(vi)

[ O o] xs

2

[Mno; #8H'+ 5S¢ —— Mn + 4H,0] x2

(x) Addboth equations and cancel out the common species on both sides. .
C — SCL + 10e

2MnO; +16 H® +10e ——— 2Mn ™ + §H,0

I0CI- +2MnO; +16H' —— 5 5Cl, + 2Mn~” + 8H,0 4

Ilowhrgequahonby hﬂlf Té-ﬁ"ﬁon (ibn~élécuon) method: |

Agents
,A‘“bsmncc that loses electrons during a chemical reaction is called reducing agent
%—’Mﬂl where as a substance that gains electrons during a chemical reaction is
ed oxidizing agent or oxidant. The oxidizing agent oxidizes other substances
‘ “45¢s the oxidation state ol other substances) and is reduced itself. The
. T2 agent reduces other substances (decreases the oxidation state of other
"Ices) and is oxidized itself. The total number of ¢lectrons gained by oxidizing

always equal to the total number of electrons lost by the reducing agent.

o the following reaction in which sulphurous acid (H,SO;) reacts with nitric
0)toproduce sulphuric acid and nitrous oxide (N,O).

| r':t:?‘ F2NO — H,80, + N,O ‘
' ® eaction, sulphurous acid is oxidizing agent because it (sulphur) loses
ro n;le nitric oxide is reducing agent pecausc It gains (nitrogen) electrons.

A transferred from sulphur to nitrogen.

(421)
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s, |

ood reducing agents while NON-mefgjs ,
zood oxidizing agents. In the periodic tulﬂlm;ah metals are strong reduci:
agents because they Torm positive ions readily and halogens are strong oxidiy
agents because they have strong att ractions for electrons and form negatiy
readily. —

Among compounds, the potassiu

Among elements, the metals are ¢

—————— e ——————————

£ i0n5

1 dichromate (K;Cr,0;) and potagsiyn ‘

permanganate (KMnO,) are the most important strong oxidizing agents whers |
hydrogen sulphide (H,S), sulphur dioxide (S0-) and ferrous sulphate (FeSO ) g, |
some important reducing agents, Some of the reactions of oxidizing and reduging ‘

agents are;

i) Magnesium reacts withcold dilute nitric acid to form hydrogen gas.

2HNO, + Mg — Mg(NO,), + H;
Tn this reaction. nitric acid acts as oxidizing agent and magnesium alom acs
as reducing agent.

ii) Hydrogen sulphide reacts with chlorine to form hydrogen chloride an

HS +C,— 2HCI + S ‘
In this reaction, hydrogen sulphide acts as reducing agent and chlerin¢ &

I |

d sulphue

oxidizing agent.
{ii) Potassium dichromate reacts with sulphur dioxide in acidic medium 0 produse
chromic sulphate, Cry(50,)s.
K,Cr,0; H,S0, + 380, — K;80, + Cr,(SO,), + H0 |
In this reaction potassium dichromate acts as an oxidizing agent while sulpW
dioxide acts as areducing agent.

KMnQ, reacts with concentrated HC1 to produce chlorine gas.
2KMnO, + 16HCl —— 2KCI + 2MnCl, + 8H,0 + 5Ch
[ this reaction, potassium permanganate acts as an oxidizing agent.

12.2 Electrode
The surfaces, in a cell, at which reactions (oxidation or reduction ha
take place, are called electrodes. An electrode, in a cell, is a metal plate: ¥ 4 o'l‘ l
a piece of graphite through which the electric current enters into ©f lea¥® " §
clectrolyte. The electrodes may or may not involve in the reactions. The €™ g
hat do not involve in the reactions are called inert electrodes. Electrodes ™
o: anode and cathode. The positive electrode it called anode becase” U""
gttracted 1O it while negative electrode is called cathode becavse |

(422)
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atracted to it Oxidation takes place at anode and reduction takes place at cathode.
Electrons move from anode to cathode through an external circuit.

12.3 Electrochemical Cellsg

A cell consisting of two electrodes dipped into an electrolyte in which a chemical
reaction either pmduces orutilizes an electric current s called electrochemical cell.
. Electroehemical cells are of two types:
1)  Eleetrolytic cell

i i) Galvanic or Voltaic cel|
R 123.1 Electrolytic Cells

The electrochemical cell which utilizes an electric current to produce chemical
reaction s called electrolytic cell. It may also be defined as: the cell in which non-
spontaneous redox reaction takes place by the passage of electricity is called
electrolytic cell. Examples are Down's cell. Nelson's cell.

Working of Electrolytic Cell
Consider an electrolytic cell which is used to determine the conductivity of solution,
An electrolytic cell consists of a -
beaker with two electrodes which are r_\, i
dipped in electrolyte and connected to a
direct current (DC ) source. When an
tlectric current is passed through an
clectrolyte, the positively charged ions
(€ations) move towards cathode and
Degative charged ions (anions) move
OWards anode, The solution of the ions
Tesults in the passage of a current and the
:’:’s‘; tlowsThe bulb will glow brighly .
ﬁukz?g clectrolyte and glow dimly in Figure 12.1; Electrolytic Cell
Ectrolytes,
- This movement of jonic charges through the soluti.o.n due to the passage of
~Ceurrent is ¢aljed Electrolytic Conduction (Conduction of electricity).

1232 Electrolysis of Aqueous Solution of NaCl
el C|ec‘trolysjs of aqueous NaCl is carried out in an electrolytic cell, This

SIS of a beaker with two electrodes which are connected to a direct current
- (423)
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(DC) source. When solution of —J‘T"'m
concentrated NaCl is placed in the cell ( — 000000 —
and the electrodes are connected to

DOG0 |

9
ek

DC. As a result of this H, gas is

produced at cathode and Cl, gas at
anode,

Explanation
When NaCl is dissolved in water, it
dissociates into ions as:

NaCl

When electric current is passed through the solution., the following reactions
take place at electrodes.

Figure 12.2: ,
Electrolysis of sodium chloride in water

) R Nalaq)T Cl(nm

Reaction at Anode '
At anode chloride ions (negative ions) lose electrons and are oxidized. Ast
shows only halfofthe netreaction so it is called oxidation half reaction.

2CF ——— Cl, +2¢

Reaction at:Cathode
At cathode sodium ions are not undergoing reduction. Actually water molectls

pick up electrons and are reduced to H, and OH 10ns. [tis reduction half reaction
. 2HiOv+ 2e¢ —— H; + 20H]
( The H' jons of water act as stronger oxidizing agents as compared N
10N8.

Net Cell Reaction 3
The net cell reaction which involves the oxidation and reduction half reactio™
called redox reactions,

2NaCl + HzO —) H2+C| + NaOH mdﬁ

ained by evaporation of the s s solutio® |
[J
In the above reactions, it is clear that 1. .0 is more easily reduced o
The reduction potential of water is -0.828 V while that of Na'is—-2.714V:

(424) J
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The net cell reaction produces hvdm&cn gas, chlorine gas aﬂd o
solution of NaOH. Pure NaOH is then oby



= Ry
12.3.3 Difference Between Coulomb, Ampere, and Vi A
The flow of electrons through an external circuit s called the electrical surrent,
§1 unit of electric current is ampere (A) that is defined as a charge of onc,coulpw
flowing througha conductor in one second.
IAmpere = | coulomb / second or 1A= 1C/sec
The quantity of electric eurrent is known as electric charge. The SI unit of
electric charge is coulomb (C) that is. defined as the product of the current in
amperes (A)and time in seconds(t).
I'coulomb = | ampere x 1second or 10 = 1A xsec
| For example. 75 coulomb current is passed in the wire when SA current
7y flowsthrougha wire for 15 seconds.
[ Charge incoulomb = currentin amperes X time in seconds
( = SA X 15sec
- 15C
An electrical potential difference is called voltage. The ST unit of potential
difference (voltage) is the volt (V) that is cqual to one joule (J) of energy per
coulomb of charge (C). .

, I volt = ——]—J& or
I coulomb
| Thus, a 1.5V cell produces 1.5 Joule of § revery | coulomb of charge
flowing through the cell.

12.3.4 Voltaic (or Galvanic) Cells

The electrochemical cell in which electric current is produced by spontancous
redox reaction is called galvanic cell or voltaic cells. They are commonly known as
batteries. The names “galvanic™ and “voltaic™ honor the ltalian scientists Luigi
- Galvani (1737-1798) and Alessandro Volta (1745-1827), who assembled the fiest
 version of the cells, Examples of galvanic cells are Daniel cell, Dry cell, Ni-Cd cell.

Fuelcell.
' WS ——
Construction of Galvanic Cell A _ :
This gel] consists of two half cells (half reactions) and placed in
Wo beakers A and B containing solution of ZnSO, and CuSO, respectively. Zn
Electrode 1s dipped in solution of beaker A and Cu electrode in solution of beaker B.
| E“h beaker makes a half cell and two beakers together make a complete cell. These
| ?"0' half cells are separate from each other and connected electrically by a salt
idge,

|
[ (425
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Working of Galvanic Cell "L‘ h - 3 -:"I‘
Swareh

" a2 o)
When these two electrodes are

Digital Valtmoetes

connected externally by a wire, . ,,-f_ii_— K 9‘-:5??*--“
electrons flow from Zn- — |l sal Bridge :

- (R ey

A= —.r ‘T RClin L,‘c‘..hl'
clectrode to Cu-electrode. | ) ' :
» '(_’11:1(1{’! Ei’&
Hence Zn acts as an anode, The  Fectrod % o
F
Cu ions, from the solution, > '
pick up the electrons at Cu- R -
IM CuSOy IM ZnSO; h
electrode and get reduced 1o Cult, 28— Cig 70— 202 43
copper atoms, Hence Cu acts as Figure 12.3: Galvanic Cell
a cathode.

Due to flow of electrons from Zn 1o Cu. the cell produce an electric current

and it serves as a source of electricity. Following reactions take place in the cell

i “ >+ 2e (Oxidation
Reactionatanode; Zhgy — 7 ng,., (O )

4 - (1] e
Reaction at cathode: Cul;;) + 2e ——"—" Cu;‘i {[leducnox?)—‘

"0
-

—— S, e ot
Net ¢ell reaction: Dy O ——— Zng, T Clg

' idati ' . M
The net cell reaction involves oxidation and reduction, hence called redo
reaction. Conventionally the cell is represented as:

oy [Zni M || CugqIM /Cufyy
anode salt bridge cathode

“[1*lines indicate salt bridge.

||* lines indic idg KNO3, Ny fdf
Salt Bridge -
A U-shaped tube filled with electrolyte like KCI on gelatin d
both ends by porous glass woolis called salt bridge. ' elec““k
i) It connects two half cells electrically and it prevents mixing of tV°
solutions. _
i) It maintains the electrical neutrality in each halfcell. ihe i

jii) [Itprevents charge accumulation in either solution. In the salt bridge-

migrate and carry the charge.
(426)
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12.4 Standard Cell Potential and Standard Electrode Potential
12.4.1 Standard Cell Potential

The ability of cell to push electrons through the external circuit is expressed as
potential. Electrons moves through the external circuit from anode (high Qressnl%&
region) to cathode (low pressure region). The pressure of electrons at cathode 1s
kept low by the process of reduction and the pressure of electrons at anode 18 kept
high by the process of oxidation. The driving force that pushes the electrons from
the anode and pulls them toward the cathode through the external circuit is an
electrical potential, called electromotive force (emf). Itis also known as cell voltage
or cell potential (E).The cell potential may also be defined as the potential
difference between the two electrodes in a voltaic cell. If there is no potential
difference between the electrodes of the cell, then the current will not flow. The SI
unit of potential difference (voltage) is the volt (V). The cell potential (or voltage)
depends upon the nature of clectrodes and the ions. Tt also depends on the
concentrations of the ions and the temperature at which the ¢ell is operated. The
standard cell potential is the cell potential when both reactants and products are in
their standard states. Standard cell potential is symbolized by E®. The superscript
degree sign (°) indicates standard state conditionx(Standard conditions include 1| M

concentralionifor solutions, latm pressure for gaSes and usually 25°C temperature

for the systemy The liquids and solids must be present in their pure forms. The cell

potential is méasured by voltmeter.

12.4.2 Standard Electrode Potential

The di ﬂ”ercnf:e ot.“ pOtcr.ltlal between an clf:ctrode an.d Tire tandard Sxdatioa
Its salt solution in which the electrode is placed'xs potential and standard
called electrode potential or single electrode potential . |reduction potential values are

or half-cell potential. It may also be defined :if;;w equal but opposite in
as; 2 < S 2

The tendency of an electrode (substance) to lose or gain electrons when it is
' contact with its own ions is called electrode potential. The magnitude of standard

,e[ermdc potential values depends upon:
) [Nature of electrode and the ions and .
!‘) Concentration of the solution in which the electrode is placed.

) The temperature of the cell. et
The potential difference between an clectrode and 1M solution of its ions at

- 25°C (208 K) is called Standard electrode potential.

(427)
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12.4.3 Standard Reduction Potential

the sum of standard oxidation potential and Standgy

The standard cell potential is
reduction potential,
Boa = EGEry , £ e e e o
The potential of an electrode at which rcduct{”" s . 5 ?E_l“L.d rediction
potential. It is symbolized by ES . When electrode of copperis placed ina solutigy

of copper ions, then reduction occurs.

Clll? o= e — Cu s

g ‘ - zincis-0.76 V

Reduction potential of copper is 0.34V anq lha.t of zinc 1a~—‘ 16V g \I
The potential of an electrode at which oxidation occurs Is called oxidation
When electrode of zinc is placed in a solution of

- > < ()
potential. It is symbolized by Eqy.

zinc ion, then oxidation occurs.

2+ o
an — Zn(nq! + Z¢

Oxidation potential of zinc is 0.76 v and that of copper is—0.34 V.

Note that the standard oxidation potential and standard reduction potential values &t
always equal but opposite in signs.

The reduction potential at their standard states is called standard re
potential and the oxidation potential at their standard states is called standard

oxidation potential.

12.4.4 Measurement of Electrode Potential

There is no method to measure the potential for a single clectrode; only ¢ cell
potentials can be measured. However it can be measured with reference 10 5™
standard electrode suchas Standard Hydrogen Electrode (SHE), Standard ¢! octrof
potential of hydrogen is taken as zero atall temperatures.

duction

Standard Hydrogen Electrode (SHE)
It consists of platinum foil which is coated with finely divided black platinu

encased with a glass sleeve. Itis dipped in IM HC| solution. Pure hydroge™ @

|atm pressure is bubbled into IM HCI solution, The hydrogen gas |.~, abso”

the platinum foil. The platinum acts as a conductor and facilitates the estab/is™” |

of equilibrium between hydrogen gasand its jons in solution.
(428)
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Hy T——=2 2H" + 2e~ [Oxidation (SHE aors ss afiode )] = /’(
dHR e T e———> H 5 [Reduction (SHE agts a3 cathode)] Lead to yoltmeteér
The double arrows show only that
the reaction is reversible, but not that there :\':1”;:?;: 2B
is true equilibrium. ':}‘:,';_K.h: | ’
The potentlal OI this electrode is ,‘: (';gzlf:’::l
arbitrarily taken as zero at all temperatures, o “:4%1-—"-3;
By convention this half-cell is written as =
oxidation and all other half cell reactions as
reductions. Eseapig
Working with SHE ; 'L‘l%‘i:f,;‘n"
Platinum fo

The electrode whose electrode potential is
lo be determined is connected with SHE
and a galvanic cell is established. The two
solutions are scparated by a salt

I M HCI solution

Figure 12.4: Standard Hydrogen
Electrode (SHE)

bridge. As the potential of SHE is zero, therefore, the voltmeter reading gives
electrode potential of the electrode under test. The SHE may act as the anode or

cathode depending upon the nature of electrode coupled with it.

To measure the

electrode potential of zinc, a
galvanic cell . is established
between zinc electrode dipped
in IM solution of its ions and
SHE at 25°C. Zn acts as anode
and hydrogen cathode act as .~ :
inert electrode on which
hydrogen gas is bubbled at 1
dimosphere, The electrode
Potential (E®) value of Zn is -
0.76 volts as shown by
Yoltmeter. The cell reactions

o,

»

lsu'vlvh

Digiral Veluseter

LRI,

0

Caan

IM Zn50L
— dn"u' ™ ?-

.':- = _ﬁ, Jc !
[ 7 ( i
I . Sal Hndgn \:-l ‘—-__'a,.l Lanni

T KCHin gelntin N5

K,

——t—s SHE

| M HCI

+2e +H,

Figure 12.5: Galvanic Cell for measuring

the electrode potential of zine,

(425)
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At an()de: Zn' o) — 5 B Zn ’z‘;q l | :‘.L' ‘()n\]dill iﬂﬂ)
Atcathode: 2H,, D der . — > Hay (Reduction)
Netcellreaction:  Zn|,, + 2 Hiy————"" Znjyy T Hag  (Redox Reaetigyy
The elements which have negative value of E” have tendency (g lose
electrons (not to gain el 5). : i §
(not to gain electrons) =y ‘ D - e
. e [v l
Similarly when Digitad Volemetr oy o

Cuin IMCu’ solutionis TR
connected with SHE, the
voltmeter reads 0.34

B
)
E.

SHE

volts. Here meter shows  cupir
the flow of electrons |
from H; to Cu, so Cu acts
as a cathode. The cell

p— . .
. —
I Cusiy, I8 HIC)

reaCtions are: (‘ll: +2¢ —» Cu " H.l.'o —t :'HI'A'_ 2.(.'

(=

Figure 12.6: Galvanic Cell for measuring the electrode
potential of copper.

Atanode: Ha ) >2Ht‘nqb + 2¢ (Oxidation)

At cathode: Cuh et 28—, (_Reduc.l_lgg)“_,,
- i e s o T e

Net cell reaction: - Hy + Qg ——2H + Cuyy (Rcdmrwﬂlﬂ}

: . _laments
The electrode potential values have been determined for all of the eleme
practically and are giveninelectrochemical series. ‘

12.4.5 Electrochemical Series |

. 3 1 1 X . x . Egslﬂg
A list (series) of elements in which they are arranged in the increasing of 46 i

order of standard electrode potential values is called electrochemical s€7°

also called electromotive or activity serigs, L
' *ndati fid

According to the recommendation of TUPAC., the electrode pote” :

‘. ' - - - ~ : % . e M I
been given in the reduction mode. If half -reactions are written in oxidatio®”

' . " : - - L O
their pOIClItlals are¢ oxidation potentials. By changing mode, magnltudc
ential does not change. only signs are reversed.

ot
: (430)
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Table 12.1: Standard Reduumn Polcnn 19 in Water al 2S°Cr
I mullfﬂncuon — TEenl [ BT T
=2, | | ‘ SIAN, S
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T | | -
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L |

Applications of Electrochemical Series

i) Calculation of the Voltage of Cells
From the series we can calculate the cell voltage (cell potential). The sum of

the oxidation potential and reduction potential is called cell voltage.
: Mathematically.

Ph* 422 —=Pb, ] 003 [

£

(o

e E % E’n:d
Letus find out cell voltage of Cu-Zn (Daniel) cell.

g : - -0
:W(Omdmon) an —— Zng, t+ 26 o = 0,76V
cu“mde(Reﬁuctlcm) Lum, e ————rCuy, Eng = +0.34V

The voltage of the cell (EZ, ) is calculated as:
(431)
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cell N, }«"'LJ
Ecit = 0.76 + 0,34
= L10V

i)  Prediction of the Feasibility of a Chemical Reaction:
From the electrochemical series, we can determine whether the reaction js POssible
or not. We sum up the voltages of two halfreactions, if voltage of the cell i POSitive

the Feaction is possible and if negative, the reaction is not possible. Let us gee it
reactions:

L : :;.4- - 2" -y —
From the electrochemical series. we have
2% = s ,

Lngy — Zng, + 2e E. =+0.76v

2+ 0 o
Cu(a‘" + 2e 4 Cu{s'l E'r*:d =+(0.34V
Zn;.. + Cu? Zn’’ + Cu 20 =110V

(5) (aq) T n (nq) (%) <all '

The voltage is positive. hence the reaction is feasible (possible).
Consider another example: |
24 2+
Znjy + Cuy —— Zng, + Cugy
From the electrochemical series, we have:

x4 - 3 P D <

5 T sl y : 7
e =G 0 : BS, = - 0.34
- 2% oL o = V

The sum of E° values of the two half-cell reactions is negative, hence ¢
reaction is not feasible (possible).

iiiy Comparison of Relative Tendency of Metals and Non-Metals tog¢! '

Oxidized or Reduced:
Greater the value of standard reduction potential (E7 ) of agiven specie, greatet

its tendency to accept electrons 10 undergo reduction and hence to act ® .un |
oxidizing agent. For example, the ions such as Cu™, Ag', Hg'' and Hon-metals h?f ,=
F,. Cl,, and Br, actas oxidizing agents. On the other hand, the species having Jowe!
value of standard reduction potential (E7_ ) show greater tendency to lose eleclfm“”;.
They undergo oxidation and hence act as reducing agents. For example; i mi
lying below SHE such as Zn, Mg, and Li readily lose electrons and act as ®*

s
|

agcnts.

(432)
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) Reaction of Metals with Dilute Acids
Greater the value of E of metal, lesser is its tendency to lose electrons to form
metal cations and so weaker is its tendency to displace H,. For example, metals like
Cu, Ag and Au which have sufficiently high positive values of E,;do not liberate
hydrogen from acids. While metals like Zn, Mg and Ca having lowE}, liberate
hydrogen gas when they react with acids.

Au*+ HCl ——— No Reaction

Mg + 2HCl —— MgCl, + H,
y)  Displacement of One Metal by anether from its Selution
From electrochemical series, we can determine whether a given metal will be
displaced by another metal or not. A meta] will displace another metal from the
aqueous solution of its salt that lies below it in the series For example, Zn will
displace Cu.

ZI\;I\) ! CU:

)

12,5 Modern Batteries

The cells which are used to produce electric current by chemical change are called

batteries,
Batteries are of two types:
Primary and secondary batteries

125.1 Primary Batteries
The galvanic cells which cannot be recharged are called primary cells. For example,

dry cell batteries.

Dry Cell Batteries

Dr_v cell batteries are used in torch
lights, portable radios, toys,
Calculators, electronic watches etc.

T\h?ya\re called dry cells because they

wﬂiﬂﬁd electrolyte. Some
Portant types ofdry cells are:

]) Leclanche drycell Zine —
:') Alkaline battery
Y | Nickel- Cadmium (NiCd) cell

T

.,’he . Leclanché Dry Cel

Gto ISt dry cell was invented by |
'8¢s Leclanché (1839 - 1882) in Figure 12.7: Dry Cell

l (433)
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1866. This dry cell battery has azinc container whichacts as anode and a moist pag.
of carbon powder, solid MnO, and solid NH,C! in glycerin around a cart;(m
(graphite) rod which acts as cathode. When both electrodes (zinc container g4
carbon rod) are connected, electrons are released from zinc and current is produced
The reactions are: ‘

Atanode s = " s+ 2€ (Oxidation)
Atcathode: 2NH; +2MnO,+2e — Mn,0; +2NH; + H,0 (Reduction)
This cell produces a potential of about 1.5 volts.

ii)  Alkaline Battery

Batteries with alkaline electrolyte were first invented by Waldemar Jungnerin |

1899. This is a type of dry cell. In this cell, zinc acts as anode and MnQ, actsas |
cathode. KOH (or NaOH) is used as an electrolyte because of which it is knowns |

alkaline battery. The battery is enclosed in a steel container. The zinc anode is
slightly porous giving it a larger effective area. This cell delivers more current and
has longer life than a common zinc cell.

The following reactions take place in this cell:

AtAnode: Zng + 20H,, — Zn(OH)y5+ 2¢ (Oxidation)
AtCathode: 2MnO,, THy0p +2¢ —— Mn04, + 2 OH ., (Reductiot)

Net Reaction: Zn ,+2MnO,, H,0p — Zn (OH‘),_,M* Mn, Oy

The voltage of this cell i

12.5.2 Secondary Batteries

The galvanic cells which can be recharged are called secondan) cells
Examples are lead storage battery and NiCad battery. termins
Iead Storage Battery - S |
or Lead Accumulator SR AT .’
The lead storage battery e W L -

was invented by a
French Physicist Gaston
Planté in 1859. It is an
example of secondary
cell and is used as a car
pattery. It is a

rechargeable battery. o ¥ 70" \
The total voltage of “** S

Sulphuric Acid Sohce

- s s ‘
battcry 15 elther 6 or 12 o) (Electroly) Bal‘m

Figure 12.8; Lead Storé&®
(434)
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volts dcpendmg upon the number of cells used in its construction. T'h;;)'m °f

cach cell is 2 volt. In the lead storage battery, the anodes are made up of lead metal
(Ph) and cathodes are made up of lead dloxlde (PbO,). These electre i are finin
in30% H,S0, solution (density = | ’Sgcm ). )<k

pischarging
Atanode, lead atoms lose two electrons each to form Pb*' ions which combme with

$0; " ions present in the solution to gl»c solid PbSO,. PbSO, deposits on anode.
Atanode: L pbfaqv + 2¢
(Oxidation) P b;,q, 304(aqp ———> PbSO,,
Pby,) + 8035 — PbSO,,, +2¢
The electrons released in the reaction pass round an external circuit as an
electric current. This electric current is used for starting the engine of vehicle and for

lighting up of car lights and so on.
At cathode, the electrons from the anode are accepted by PbO, and H' ions to

produce lead ions and water as:
Pb aq) + SO‘“N“ e PbSO4(s)

Pbo,m + 4H(Jq) SOZHKU . p 26 ——— i PbSO,‘“) + 2]120{”

When both the electrodes are covered with PbSO,deposits, then the cell is

| Reduction:

unable to produce any more current until it is recharged.

Recharging
Dl[nng the process of recharglng, the red pOSmVC (+) lead Of the Charger 15

tive (<) lead of the charger is
connected to positive terminal and black negative (-) arg
connected to negative terminal of the battery. So, the reverse reaction takes place

andcell starts recharging. The reactions which occur at electrodes are:
+ SO

Atanode; PBSO iy —— Pb

Pbg) + 2H,00 ————“’Pbozm +4H{, + 2@

Atcathode;  PbSO,,, — Pbisy * SOt
Ppit iR =—— Py

e ——
Netreaction; PbSO .+ 2H,0¢ — Poy t OO, +4H ) 4 ESO-{.&':.

(435)
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During discharging the density of acid (30% H,50,) falls to 1.15g ¢iy?
After recharging, the H and SOi" ions go back in solution and increase the densiyy
of acid again up to 1.25gcm . The voltage of each cell returns to around 2 volts
Now this battery is used again.

Nickel Cadmium Cell (Rechargeable)
Nickel cadmium battery was invented by Waldemar Jungner in 1899 of Swedeq
Nickel cadmium (or NiCd) cell is an important type of dry cell. It has acquired wig:
spread use in recent years. In this cell cadmium acts as anode. It undergoes
oxidation in an alkaline (basic) electrolyte. The NiO, acts as cathode which
undergoes reduction.

The reactions are:

Atanode:  Cdg +20H;, —> Cd(OH), + 2e (Oxidation)
Atcathode:  2NiO,,+2H0p+2¢ —— Ni(OH),  + 20H,,(Reductor)

Net reaction: Cd,+ NiO,, + 2H,0y — Cd(OH),,,+Ni(OH)y, ‘
It is a rechargeable battery and is used in mobile phones, elf’-t'ﬂm"
calculators, electrical shutters, portable computers etc. It is more expensive thea

lead storage battery.

12.5.3 Fuel Cells 2
It is voltaic cell in which gaseous fuel (chemical energy) is converted into glectn

energy (electricity).

'
¢

Anode Cathode

Porous carbon anode
containing Pt or Pd
catalyst

excess Hy out

Figure 12.9: Fuel Cell
(436)
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In this cell, gaseous fuels sych as hydrogen and oxygen are allQ.Wﬁd'w

undergoredox reactions. As a result of this electrical energy is produced.
This cell consists of three Compartments separated from each other by

porous electrodes. The electrodes are hollow tubes made of porous compressed
carbon filled by platinum or palladium catalysts at the anode and cobalt oxide,

platinum, or silver catalyst at the cathode.
L An electrolyte such as KOH or NaOH is placed in the central compartment.

Hydrogen is passed through anode and oxygen through the cathode. These gases
diffuse slowly through the electrodes and react with electrolyte at 1 50°C and at high
pressure. Hydrogen is oxidized to water at anode and oxygen is reduced to

hydroxide ions at cathode,
Thereactions are:
Atanode:  2H,, + 40H,, —— 4H 20 + 4¢ (Oxidation)
Atcathode: Oy, +2H,0p +46 — 40H,, (Reduction)

Netreaction: 3H3,;7 + (J?ig' —) QHJ()’“ (Redoxreacﬁon)
Such cells run continuously as lon g as reactants are supplied.
, A number of cells are connected together to obtain+several kilowatts of
power. »

Advantages of Fuel Cells

) The fuel cells are very efficient. They convert 75% fuel (i.e. chemical energy)
into electricity. The ordinary electricity generator using oil or natural gas has an
efliciency of 35-40%, whereas a diesel engine has an efficiency 0f25-30%. Rest of

ﬂlc energy is lost as heat.
W) The fuel cells are free from (noise and thermal) pollution.
') The water formed as an end product can be used for drinking purpose for an

Btronaut in space vehicles.
) Oxygen and hydrogen can be continuously supplied to the cell and there is no

P oo e

r \'ur.u
< i 1
: ".,_' .,L‘\.b
v

e
|

38 T T o8 PhASS a. oY ) BT

. energy obtained from the syp's

A ' that 1s used w’gmm'elmity’ {0 heat or cool homes’or Cause
10ns. The solar cells are connected together to form a panel. Solar pane

(437)
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can be linked to a rechargeable battery that collects energy in the day to be uged ot "-|
time, even at night when there is no sun. Solar energy is a type of renewable mc,g:"y
. will never run out. Solar energy is clean and pollution free. Solar panels are m]“
" reliable, need little maintenance and have a long life. Solar energy can be usedg:
remote areas to generate electricity where it is too difficult to provide much naggeq
 electricity by using traditional methods. ‘
If we compare these characteristics to those of fossil fuels such as coal, oil, g
" and nuclear power, then we will able to decide which source is better for us. Solr
~ energy is a rapidly growing way to generate electricity.

—

12.6 Corrosion ,
The process of chemical decay of metals by an electrochemical process is usual
known as corrosion. Corrosion 1s a spontaneous redox reaction that occurs wha
metal comes in contact with oxygen in the presence of moisture. The m!:s
oxidized and converted to an unwanted compound; that is, to an oxide. Thiss &
most common form of corrosion, The corrosion is generally asurface phenoméaot

Corrosion of Iron (Rusting) ot
The most familiar example of corrosion is the rusting ofiiron. Rusting of npn aﬂnﬁ
both oxygen gas and moisture. It does not occur in moisture free air (Flry air)
free water (oxygen-free water). Iron which is a silver white metal 18 cqnV
red-brown mass (rust) when comes in contact with moist air. The rust 15 *
iron (I11) oxide (Fe,0;x H;0 where x varies from 2 to 4, it is not ﬁxed)-as
corrodes (rusts) rapidly when comes in contact with less active metal such e
and corrodes slowly whencomes in contact with a more active metal S\{Ch %
When iron comes in contact with moist air, a galvanic cell 18P
where one part ofiron acts as cathode and other part of iron acts as anode.

0, from air

0, from air

f
Ak A

o

232(-)'(!)*0'2(3)*4& 40H 2| Fey T

Figure 12.10: Rusting of Iron
(438)
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The electrons flow from anode to cathode. The following reactions occur:

Atanode: 2Fey, ——— Fef;v +2e”
5 : _ =
Atcathode: 2H,00 + Oy, +4e” ——— 40H,,

Fe

M2

15)

Net cell reaction: Oz + 2H30p —— 2Fef:;q, + 40H

The iron (II) ions are further oxidized by oxygen and forms iron (III) ions

that react with hydroxide ions to form rust.

F40H, + %0, — 0 Fel ORI OR

o 24
2Fe;
3 ( Rust)

fag)

The overall reaction can also be written as:
2Fe, + X Oz,g, - oy Hzt_)ﬁ,, —— > Fe,0,. x HyO,

Corrosion of iron forms oxide layer on the surface which protects the iron from further
corrosion. The oxide layer on the surface of aluminum also protects it from corrosion. The
aluminum has low reduction potential value and is therefore, more reactive than iron and we
expect to be corrode readily. But in actual practice, it corrodes slowly. The exceptional stability
of aluminum is due to the formation of compact layer of oxide (ALO,), which protects the metal
from further corrosion. On the other hand, the oxide layer of iron is permeable and allows

\ oxygen and moisture to penetrate further into the metal and promotes corrosion. P

Prevention of Corrosion : -
The methods that are used to prevent the metal from corrosion are listed below:

Alloying B Srme
corrosion of metal can be prevented or minimized by lowering its reactivity

through alloying. For example, stainless steel which is an alloy of iron, chromium,

il ; : : i inless steel is used for making knives
Silicon, and nickel js resistant to corrosion. S'f" g ,
spoons, forks, utensils, scissors, and surgical instruments.

Oilor Grease Coating b b '
The corrosion of metal can be prevented or minimized by covering the surface of
metal with grease or oil. For example, the nuts, bolts, tools, parts of machinery, and

Parts of engines are coated with grease or ol to protect them from rusting,

2aintCoating % 0 :
1€ corrosion of metal can be prevented or minimized by covering the surface of

, tal with paint. For example, the iron bridges, windows, doors, gates, and the
bodies of rickshaws, cars, buses, and trucks are coated with paints to protect them

corrosion (rusting).
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water vapours, 8 b ) .
mgold-plawdobjectsdonoﬂoselusterandlooknewforsevemlym, oy =

B |
Galvanizing

The process in which sheets of metals (iron) are coated with thin layer of ;. ,
prevent corrosion is called galvanizing. [t is also known as zine coating or amdo
coating. This process can be done by dipping 2 clean sheet of iron into a bay, :f
molten zinc. If zinc coating is damaged by a scratch or a dent, corrosion starts T,
standard reduction potential value of zinc is less than iron, 5o zinc is more eay),
oxidized and the iron is therefore protected. This method is used to projey
underground storage tanks, pipes, oil rigs and ships from rusting. This methog i
also used to protect dust-bins, drums, and buckets from corrosion (rusting). The |
metals most frequently used for this purpose arc aluminum_and magnesium,
because these metals are much more reactive than iron and form a compact layer 0
which minimizes their own corrosion.

Electroplating

The process in which a thin layer of one metal is deposited on another metal (object)
by means of electrolysis to prevent corrosion is called electroplating.
Electroplating is carried out by using the metal (object) to be plated as a cathodeand

the metal to be deposited as an anode. The electrolyte is an agueous solution of salt
of the metal being deposited. The electrodes are connected with a battery. Whet
electric current is passed through the solution, the metal to be deposited (anode) s
oxidized to its cations and enters into the solution. These cations are reduced and
deposited onto the object to be plated (cathode). In this process, a thin layer of me
is deposited onto the object which is then pulled out from the solution. The proee®
of electroplating is used to improve the hardness, stability and appearance of objee®
and to protect them from corrosion. Some examples of electroplating fin-
plating, chromium-plating, silver-plating, and gold-plating.

r iS non- 01800 P T
bicycle handle, bars and car bumpers made of iron and steel to protect them from €2 ¢
give them a shiny appearance. The jewelries, trophies, and medals are commonly ST gel |
Some other common examples of silver-plating are cups, dishes, spoons, and objects M e
steel, Silveris astable metal and does not react with oxygen and vapours of watet P

time in the air due to formation of a thin layer of silver sulphide (Ag,S) by ¢

T — ——

———
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» Electrochemistry 1s the branch of chemistry in which we study about the
interconversion of chemical and electrical energy, | .

» The reactions in which electrons are transferred from one reactant to another

are cafled oxidation-reduction (or redox )reactions.

> Oxidation is the loss of electrons and reduction. is the gain of electrons.

Oxidation occurs at anode and reduction oceurs at cathode, The electrons flow

' | fromanode to cathode, |

» Oxidation state (or oxidation number) is defined as the apparent charge,

»| - positive or negative, which an atom would have in a compound. An atom may

have different oxidation states in different compounds, |

» Oxidizing agent is a substance that oxidizes other substances and gets reduced

itselfin a chemical reaction. Examples of oxidizing agents are non-metals.

» Reducing agent is a substance that reduces other substances and gets oxjdized
itselfina chemical reaction. Examples of reducing agents are metals,
The flow of electrons is called electric current or electricity. |

Asubstance through which electric current can pass is called conductor while a
substance through which an electric current cannot pass is called non-
conductor or insulator. Metals arc conductors while non-metals are insulators.

'# Redox reaction is the sum of oxidation-half reaction and reduction-half

reaction. Oxidation-half reaction is a half reaction in which a substance loses

electrons whereas the reduction-half reaction is a half reaction in which a

substance gains electrons. . .‘

» Redox potential is a combined term involving oxidation potential and

reduction potential. Oxidation potential is the potential of an electrode at

Wwhich oxidation occurs while reduction potential is the potential of an

_ ¢lectrode at which reduction occurs. el

> Electrode potential is the difference of potential between an electrode and its

Saltsolution in which the electrode is placed. The potential difference between

an electrode and | M solution of its ions at 25°Cis called standard electrode |

b A 4

ctromotive force is a force thax moves the electrons from the anode to the
 Cathodethrough the external circuit (wire). Itis abbreviated by emf.

. emfufagalvan ic cell is called cell potential or cell voltage and is
- Measured in volts, The cell potential under standard conditions is calledi
B Miedlpotegtiptei o ol |

- Electro mmm of two types: galvanic and electrolytic. Chemical |

“Mergy is converted to electrical encrgy in galvanic cell while electrical SR
= S 4 A = . (‘ia’) p— == ' ph W B '

—
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is converted to chemical energy in electrolytic cell. . ' ]
» Galvanic (or voltaic) cell is a cell in which clectflc current is pmd“Cedb?'
spontaneous redox reaction. Electrolytic cell is a cgll. in whigh Imn‘
spontaneous redox reaction occurs by the passage of electricity. |

» Abattery is a galvanic cell or a group of cells connected in a series. |
> Corrosion is the process of chemical decay of metals due to actioy

|

surrounding medium. The most common example of corrosion is the Tusting Ofl
iron.

» The corrosions of metals can be reduce

but the most important is electroplating.

» Electroplating is an electrolytic process

 deposited on another metal.

Q.1. Fouranswersare given foreach question. Select the correct one:

i)  The cellin which electrical energy is converted into chemical energy
is:

(a) Electrolyticcell (b) galvanic cell

(c) NiCdcell (d) fuel cell '

ii) Which one of the following reactions is NOT a redox reaction:

B G+ —— CO,

(b) NaCl + AgNO; — AgCl + NaNO,

(c) ZnSO, + Cu — CuSO, + Zn

(d) 2Na + Cl, — 2NaCl

iii) Theoxidation state of manganese is+3 in:

(@ MnO (MO, (c) Mn,0; (d)Mn,0, o
iv) Inthe following reaction, the substance that undergoes reduet®”
CH;,04 + 60, — 6CO, + 6H,0

(@ H,0 (®)CO, () CH,0, (@O, . - |
v) ~ Whichone ofthe following is the su-ongegmxidiziqgaﬁe’“? |
@) Oxygen()chlorine (©)fluorine (d)nitogen ,4

vi) Which one of the following substances is oxidized i
given below: J

d or prevented by number of me!hod;!

which a thin layer of one metaljs

(442)

Scanned with CamScanner



Q.2.

Mg + 2HCl —— MgCl, + H,

vii) Which statement is correct about the Daniel cell (Zn-Cu cell)?
(a) The Danielcellis an example of an electrolytic cell.
(b) The spontaneous cell reaction involves the oxidation of Cu by

Zn”
(¢) The spontaneous cell reaction involves the reduction of Zn' to

Zn
(d) The spontaneous cell reaction involves the reduction of Cu’’ to

Cu |
viii) The reaction that occurs at cathode is known as:

(a) Redox (b)oxidation

(c) reduction (d) decomposition

ix) Whichofthe following statement is NOT correct forag
a) Oxidation occurs at anode

b) reductionoccursat cathode

¢) both'a'and's’

d) electrons flow from cathode to anode
x) Galvanizing is @ process in which sheets of metals are coated with

alvanic cell:

thinlayer of ............--: to prevent COrrosion:
(a) Tin (b)zinc (c) copper (d) silver
Fillin the blanks with suitable words given in the brackets:
pass is called

) A substance through which electric current
conductor. (can/cannot) 5 |
e is called anode. (positive/negative)

i) The electrod :
iii) Spontaneous chemical reactions take place mn cell.
(electrolytic/galvanic) ey
iv) lonic compounds conduct electricity 1n state.
(solid/molten) : ‘
v) Oxidation occurs during chemical reaction by of

electrons. (gain/I
vi) The t(egndeng)slszfm electrode to gain electrons is called reduction

potential. ose)’
vii) The (g:]i;;nmat can be recharged are called cells.
(primary/secondary)
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Q.3.

Q.4:
Q.5:
Q.6:

Q.7

Q.8:
Q.9:

Q.10: Write down the rules, which are used for balanci

Q.11:

Q.12: Balance the following equati

viii) The oxidation number of chlorine inKClO, is
ix) The method of electroplating is used to protect o
corrosion, (metal/non-metal) ™
X)  Aluminumis_ reactive than iron. (less/more)

Label the following statments as True or False:

1) Oxidation takes place at anode.

i1)  Thereduction potential of zinc is 0.34 V.

111) Oxidizing agent oxidizes other substances.

1v)  Fluorine is the strongest oxidizing agent.

v) Half-cell of an active metal acts as cathode.

vi) The element is reduced when its oxidation number is increased.
vii) Fuel cellisthe example of voltaic cell.

viil) The moist air is necessary for rusting of iron.

ix) The Slumtofvoltageis coulomb.

x)  Corrosion is a spontaneous redox reaction.

What is electrochemistry? Give its important applications.

Is electrochemical process always advantageous?

What are redox rcactmns" Give applncatlons of redox reactions in daily
hfe.

Define oxidation number and describe the rules for assigning the oxidzict
numbers.

Calculate the oxidation number of'S' in the following species:
(i) H,S (ii) SO, (ii)SO,  (iv) Na,$,0,
How can you recognize oxidation reductmn reactions? ExplambncﬂY

¥
f redox equatio™ ™
oxidation numbcr method and by the half mcnonnnie:md .

Balance the following equations by oxidation number method‘

a) CU+HSO4———)CHSO + S0 +Ho

A e, o= k) +2HO2

¢) MnO,+HCl — thu(3124-(3| + H,O0

d) NaCl+H.S0, + Mn0, — N g0 ' ‘Mns0, + Cl * !

ons by halfreacti mcﬂ“’d
a8) Br,+ NaOH —; Napy 4 Nal:r(;mil ol;:gecm)

b HNO,+Hl —yNo 1 oy
c) Cu 4"P‘(I: 3 By 2NO i
2

(4 | J
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Q.13

Q.14
Q15

Q.16:
Q.17
Q.18:

Q.19:
Q.20:

Q.21;
Q.22:
Q.23
0.24;
0.25:
2.26:

).27:

.What s meant by lhg lerms oxidizing and reducing agents? Give some
impo rantreactions of oxjd 1Zing and reducing agents. A
cgﬁfmc the terms anode angd cathode with reference to a specific voltaic
What are Clcctroghemical cells? What is the difference between galvanic
celland electrolytic cel]?

Describe the construction and work ing of galvanic cell.
Describe the electrolysis of aqueous solution of NaCl.
Distinguish between electri cal terms coulomb, ampere, and volt.
Define salt bridge. What is the function of salt bridge?
Explain briefly:

a)  Standard cell potential,

b) Standard electrode potential.

¢) Standard reduction potential.

Describe the construction and workin g of standard hydrogen electrode.
What is electrochemical series? Give its important applications.
Whatare dry cells? What are the important types of dry cells? Explain.
Writea short note on lead storage battery.

What are fuel cells? What are the advantages of fuel cells?

Define and explain corrosion. What do you know about the corrosion
(rusting) of iron? What are the methods to prevent the metal from

corrosion?

Answer the following questions briefly:

a)  Why isitnecessary to use a salt bridge in a galvanic cell?

b) Why is the cathode of a galvanic cell considered to be the positive

electrode?
¢)  Why sodium ion (Na') acts as an oxidizing agent whereas sodium

atom (Na) acts as a reducing agent? |
d)  SHE acts as cathode when connected with zine electrode but acts as
4node when connected with copper electrode, why? |
€)  Zincdisplaces hydrogen from acids but copper cannot, why?

Why iron doors and bodies of cars are painted routinely?
&) Why damp air i necessary for rusting of iron? |
h)  Why the bracelets and rings made of gold look new even after severa|
Years of uge? hi oo '

(445)
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Answers to the Selec

Chapter No.1
(1) 157.9g (2) 0.1mol
(3) 1llg (4) 91mol

(5) 1.505x10™ molecules

(6) 6.69%10™ molecules

(7) 50.43dm’ (8) 25.47dm’

(9) 182.5¢ (10) 7.5mol
(11) 130.37¢g (12) 700.44dm
(13) % of N in NH, = 82.35%, % of N in
HNO, = 22.22%

(14) e (15) 90.79%
Chapter No.4
(1) (a) 0.355atm (b) 360mbar
(c) 5.22Psi :
(2) 17.5dm (3) 26.77cm
(4) 56000mL (5) 44.89atm_‘
(6) 3.99kg (7) 1.89gdm
(8) 101.5%9atm (9) 1.46
apter No.7
g.l; 5.24 5 (3) 0.0024NL
(4) 9.33x10 M (5) 4.56x10
Chapter No.8

* =T
(1) Acidic, [H ]>10 M

Answers to the

Chapter No.1
(14) 55-8g .
(15) (b) 148 of O, is.rcqmred

(c) 49g of CaO isproduced
(16) (a) 1.375mol  (b) 1.375mol
(17) 2402 (18) S6L
(19) 31.25mol (22‘0) 3.97mol
-2 _1505x10 particles

(25) CO, PN
C,Hso =1 204x10° particles
3

VvV, =1 1.207dm

TS e

ted Practice Exercises
(2) Basic,pH>7
(3) (a) 2.5%10°
(4) 7.37
Chapter No.9
(1)(a) Rate = K[NOTTO,]' Third Orger
(b) K =215mol dm’S™

Chapter No.10

(®) 1.99x1p°
(5) 8.4x10™°

(1) 15% (2) 1.5%
(3) 5% (4) 2M
(6) 2m

(7) X0, = 0-162, Xup=0.838
(8) 0.004ppm = 4ppb = 4000ppt

(9) AT, =1.65C

b.p of aq. Solution = 101,65 .
(10) 152gmol (11) 92gmol
(12) AT=3.19C

freezing point depression of
antifreeze = -3.19°C

Chapter No.11 .
(1) AH, = 1087.8kJmol

(2) —688.2kJmol
Chapter No.12
(1) (i) +3

Selected Problems
| (i) 26.67% (iv) 66.67%
(v) 53.33% : -
(29) Br, is limiting reactant and
HBr16.02g
(30) 56.16¢
(31) Carbon
SiCis 13.2¢

(32) Massof NJO= 124.85¢

(i) +3

o

is limiting reactant?

] e T )

Massof H,0=102.158
(33) (&) Theoretical yieldof €

(b) Percentage yield of Cu”
(34) 83.34% ‘

(44B)
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chapter No-2
) E= 405x10 o

/ 4,'9 ﬁ,.6x10 Hz
E= 349xro "1
~1.75%10°m

4) AE=1.635x10° )
) ¥ =4.57x10 'Hz,

A = 656nm
i (hapter No.3
(i) Percentionic character of HF =41.36%
HF ismore ionic than HC]
51) 6,08D (52) 1.80x10°'C
Chapter No.4
%) 1.47psiand 101.325mbar
) 110,92 atm (30) 15.2mmHg
31) 8.15dm’ (32) 2.83mL
33) 579.16K (35) 682.56dm’
(%) 28dm’ (37) 61.64dm’
1) 56.73m’ (39) 221.47K
(4) 1.81mol (41) 17gmol '
1) 128 81 gmol ™ (44) 760mmHg
%) 4psi
1%9) P =0.744atm
P %=0.149atm
Pe=0, 107 atm
147) 2,65

(25) 4.99
(27) 6.87x10"°M
(29) 6.91x10™

Chapter No.8
(17) (a) [H']=1.58M
[OH]=6.33x10""'M
(b) [OH]=2.236x10'M
[H']=4.47x10"'M
(18) [H]=4.0x10""M
(20) pOH=12.2, the solution is acidic
(21) pH=103
(22) [H]=3.16x10"
[OH]=3.16x107"
(28) pH=3.385 (29) K,=2.401x10"
Chapter No.9
(10) (a) Reaction order for CO = First
Order
Reaction order for Cl, = First Order
Over all order for reaction = Second Order
Rate =K[CO] [CL,]
(b) K=1.6710 ‘mol 'dm’s™

Chapter No.10

(40) 22.22% (41) 11%
(42) 5% (43) 0.02m
(45) 0.5M

(46) (a) 0.4m (b) 2.5m

(47) (a) 3M (b) 0.5M

(48) Xc g, =0. 17 (50) 78.667°C
(51) 74. S6gmo] (52) -1.86C

Chapter No.11 :
(22) AH,=133.9KJmol
(23) ~1016KJmol”

Chapter No.12
(8) ) 572 (i) S=+4
(i) S=+6 (iv) S=+2
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Index

A Brine: 343
Absolute temperature: 143, 144, 145 Bronsted-Lowry acid-base conocpt 281-
Absolute zcx:o:_l'—'ll 144, 145 282 ik
Acid: 279 - 305 Buffer capacity: 300-301
Action of the catalyst: 322 Buffer sofution: 299-300
Activation energy; 326-327 C
Activated complex: 325-326 Calorimetry: 3‘;92
Activator: 330 Catalysis: 327-33
Active mass: 248 Catalyst: 327-332 ,
Actual yield: 25 Catalyst for a catalyst: 330
Alkaline earth metals: 231 Cathode: 422
Allotropy: 222-223 Cathode)mys: 35-38
Alloying: 439 Cell: 412
Amorphous solids: 218-219 g E:r?:wll l‘;ncl e 328
Ampere: 425 5 1a e
Amphoteric substance: 280-28] Chemical adsorption: 330
Amplitude: 48 Chemical energetics: 388
et Chemical equilibrium: 245-247
N tr%% “al Cleavage plane; 22]
1k 247 Colligative properties: 364
il i Collision theory: 324-325
Aqueous solution: 339 Colloids: 341, 375-378
Atomic number; 48-49 Commeon ion effect: 270 .
Aufbau (or building up) principle: 72 Completely miscible liquids: 343
Average rate of reaction; 314 Concentrated solution: 339
Avogadro's law: 146-148 Concentration of reactant: 323
Avogadro's number: 9 _ Concentration of solution: 339
Azimuthal quantum number: 66 Conjugate acid: ?%’5284
B : Conjugate base: 282-284
Balmer series: 59 Continuous phase: 341
Barometer: 138 Coordinate covalent bond: 298
Base: 279-305 Corrosion: 438-440
Battery: 433-438 Covalent bond: 85
BObx‘s at Covalent solids: 232
omic model; 49 Co‘\: o
tling point: 196 oulomb: 42 ‘
5 iling point elevation: 366 Crystal lattice (o'r ;pgce lattice): 224
Omb calonmeter 400 Crygtallme solid: 21 g
length (or bond distance): | 163 gl’lgz:: gﬁ;’:{uﬁ e
energy (or bond entha 1 ri :
g:n dordcgy — Critical volume: 168
pond pair of clectmns 86 e
By m-Ha aber cycle: 403 Cubic system: 22°
B Yle's law: 14 D
facket series; 59 Dalton's law of partial pressure: |59
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Degenerate orbitals; 69

Deviation from ideal gas behaviour: 155-157

Diamagnetic substances: 108

Diffusion of gases: 164-166

Dilute solution: 339
Dipole-dipole forces; 183-184
Dipole moment: 120-125
Discharge tube: 36

Discovery of electron: 36-41
D!scovcry of neutron: 43-44
Discovery of nucleus: 45-46
Discovery of proton: 41-42
Dissolution: 343

Ductility: 233

E

Effusion of gases: 164-166
Electrochemical cell: 423
Electrochemical series: 430-433
Electrochemistry: 411-440
Electrodes: 422-423

Electrode potential: 427
Electrolysis of aqueous NaCl solution: 423-
424

Electrolytic cell: 423
Electrolytic conduction: 423
Electronegativity: 118
Electroplating: 440
Elementary reaction: 315-316
Endothermic reactions: 387-388
Energetic of phase changes: 204-205
Enthalpy: 393

Enzyme: 328, 331, 334
Enzyme catalysis: 331-332
Equilibrium constanl, K.: 249-250
Equilibrium position: 259
Evaporation: 191-193
Exothermic reactions: 387

F
First law of thermodynamics: 391
First order reaction: 317
Freezing point: 369

Freezing point depression: 369
Fuel cells: 436-437

G

Galvanic (oF voltaic) cell: 425-426

(430)

Galvanizing: 44fl 'd

Graham's law of diffusion

164-166 ac

Ground state and excited state: 5§

H

Haber's process: 264-265

Heat; 386-387

Heat capacity: 308-399

Heat of solution (or enthalpy of solutign):

347-348

Hess's law of constant heat summation:

402-403 A

Heterogeneous equilibrium: 247-248 i

Heterogeneous catalysis: 330-331

Hexagonal system: 226

Homogeneous equilibrium: 247

Homogeneous catalysis: 330

Hund's rule: 73-74

Hybridization: 98-104

Hydration: 126

Hydrogen bonding: | 84-188

Hydrophilic molecules: 342

Hydrophobic molecules: 342

Hypertonic solution: 374

ll'lypownic solution: 374

Ideal gas equation (or general gas

equation): 149-151

Ideal solutions: 364

Inert electrodes: 422

Inhibitor: 128

Instantaneous rate of reaction: 314

Inter and intramolecular forces: 1%

Internal energy, (E): 390

lonic bond: &5

[ﬁnic character (or polarity of m°
8

Ionic product of water: 283

Irreversible reactions: 244

Isomorphism: 222

Isotonic solution: 374

flsotopcs: A ,1

jecuk?

Joule-Thomson effect; 169 1
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K
| g, and pK: 2V

|, and pKy: 295-296

Kinetic energy: 386

Kinetic molecular theory of gases: 136-137

,[;,ﬁoc energy: 229-23()

Law of conservation of energy: 391

— [aw of conservation of mass: |5

Law of definite proportions: 15

Law of mass action; 248-249
Chatelier's Principle: 259-265

Levelling effect: 294-205

Lewss acid-base concept: 298

- Limiting reagent: 21-22

Lind's method: 169-170

Liquefaction of gases: 167-169

Liquid erystal: 207-209

Lendon dispersion forces: 188-19]

Lone pair of electrons; 86

Lyman series; 59

M

Magnetic quantum number: 66-67

Mass number: 44

Mechanism of reaction; 315-316

Metallic bond: 232-233

Hetallic solids: 232-233

Molality: 355

Molar heat of fusion: 205

“0lar heat of sublimation: 206

otz ,hca§ ?3f vaporization: 205-206

“cular orbita) th MOT): 104-113
Mo cilar solids; 23?%% H

. i tion: 356-357

R nic system: 226

< Of the reactant: 173
€l solution: 364

(41)

Order of reaction: 317
Orthorhombic system: 225
Osmotic pressure: 372-374
Overall reaction: 315-316
Overlapping: 94-96
Oxidation: 412-413
Oxidation number: 413-414
Oxidizing agent; 421-422

Paschen series: 59
Paramagnetic substances: 108
Partial pressure: 160

Partially miscible liquids: 343
Parts per billion (ppb): 358
Parts per million (ppm): 358
Parts per trillion (ppt): 359
Pauli Exclusion Principle: 73
Percentage composition: 20-21
Pfund series: 59-60

pH scale: 286-288

Physical adsorption: 330
Pi-bond: 96

Planck's quantum theory: 47
Plasma: 170-172

pOH scale: 286-28R

Poison; 329-330

Poisoning of catalyst: 329
Polymorphism: 222

Positive rays: 42

Potential energy: 386
Practically miscible liquids: 344
Pressure: 137-139

Primary batteries: 433-434
Principal quantum number: 65
Promoter: 330 -

Q
Quantum: 47 -
Quantum numbers: 64-67

R

Raoult's law: 359-363

Rate determining step or rate limiting
step: 316 ;

Rate law or rate expression: 314-315
Reaction intermediate: 316-317

Relative strength of acids and bases: 243-

284
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Rate of reaction: 313-314

Reaction quotient: 257-258

Redox reaction: 415-416

Reducing agent: 421-422

Reduction: 412-413

Resonance: 92-93

Reverse osmosis: 375

Reversible reactions: 344

Rutherford’s atomic model: 46

S

Salt bridge: 426

Salt hydrolysis: 301-303

Saturated solution: 350

Secondary batteries: 434-436

Second order reaction: 317

Shell (or orbit): 49, 68

Sigma bond: 94-95

Soda water: 339

Selubility: 344-349

Solubility product, K_: 266-268
Solute: 339

Solvation: 345

Solvent: 339

Spectrum: 77

Spin quantum number: 67
Standard cell potential; 427
Standard electrode potential: 427
Standard enthalphy change: 395
Standard Hydrogen Eletrode (SHE): 428-
430

Standard enthalpy (or heat) of atomization:

395

Standard enthalpy (or heat) of combustion:

397

3s;ndard enthalpy (or heat) of formation:

Standard enthalpy (or heat) of neutralization:

| Surface tension; 202-20

Strong electrolyte: 270
Subshell: 66, 68

Super saturated solution: 157
Surface area of the reactant: Wi
Surrounding: 389

Suspension: 341, 378
Symmetry: 22()

System: 388

T

Temperature of the reactant: 324
Tetragonal system: 225
Theoretical yield: 25
Thermochemical equation; 388
Thermochemistry: 386
Thermodynamics: 388

Third order reaction: 318
Transition state: 325-326
Transition temperature: 223
Triclinic system: 226

Trigonal system: 225

U

Unit cell: 224-225

Universe: 389 4
Unsaturated solution: 330

Y 04
Valence bond theory FVBT):’ 159
Van der Waal's equation: 137
Vapour pressure: 193 196
Viscosity: 199-202
Volt: 425

Voltaic cell: 425-426
VSEPR theory: 86-92
W

Wavelength: 48
Wave number: 48 5
Weak electrolytes: 27

397-398 X

Standard enthalpy (or heat) of reaction: X-rays: 61-64

Standard reduction potential: 428 D Y ys

15;‘;"“""‘ temperature and pressure (STP):  |yicld: 25

Stark effect: 61 4 :

State function: 390 m&g‘ﬁ;ﬁ?ﬁmi 318
(452)
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Taklﬁ gl‘ M_etric Units
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Table

21N e H (SI l'mt‘ mm )
: *0 62137 mﬂe (“n)

= lﬂ%ﬁm

e 39 37 mch (m 7

= 1000 mllltnmtm(m}
= 2‘54 cem[mctm (cm)

of i |mportdnt Converslon Fﬂ‘:tors e

| ]ﬂecmmlt(ev) _;; 6.485

1ba|"

l tOIT = [ mm Hg —
Energy (SI unit = j.,.,,,)

I joule (J) s

(Nm)

g

1 ‘e‘tﬂoﬁe (cal)
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Formulas and Molecular Masses of some Common Substances
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