NOXIDATIO

ROCHEMISTRY

ELECT
MULTIPLE CHOICE QUESTIONS

N AND REDUCTION

Thedxidation state of Group IA: ()42
f +1 +2
(c) +3 (d) -1
idation is
’ 8)" ldal'l:oonf Oxygen (b) Loss of hydrogen
«¢yBothaand b | (d) None of these

dation state of Halogen

3. Oyi
v(a/-;uﬂ (b) -1
" (d) -2

(¢)+2

4. Complete this equation 2CI" —— Cl,+? ,
(a) 2Cl——Cl,+2e’ Hfél ——>Cl, +2¢
(¢) Both (a) & (b) (d) None of these
JELECTROCHEMICAL CELL
5. NaOH is prepared in
elson’s Cell (b) Down’s cell
(c)Botha & b (d) Nonc of these
A4 Galvanic cell is also called the .
(a) Nelson cell \(,b’ﬁanicl cell
(c) Electronic cell (d) None of thesc
7% On dry celleysHade act an cathode. ;
(a) Zn cup wod ~(/b)/gmphi1c rod
(c) paste (d) steel rod
8. In Zn-Cu galvanic cell, Zn is used as /
(a) cathode ’(-b’)élode
(c) electrode (d) all of above
0. Thertactant that containing the element that is.reduced in a chemical reaciion is called
\\*A)/C(/)I;idizing Agent (b) Galvanic cell
(c) Bothaand b (d) None of these
10.  Nael is the example of '
Elcctrolyte (b) Galvanic cell
(c) Eicirolytic cell (d) None of these
I1.  Sucrose is the example of A
(a) Electrolytic call | ‘(,b{Non-clcctrolyte
(c) Galvanic cell (d) None of these
12,

Cations are ions:
(a) negative %itivc

(¢) neutral (d) none of these
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,‘/ﬁlcurnl}'ms of N:\CW Electrochemistry
cll:

Ak (@) Jlectrolyvte
) down’s

(b) Voltajc
Day cell battcry are useqd for (d f R
fa (a) Flesh light o= ) for a day's
(c) Toys (b) Small annl:
| » : ppliance
} 1 Zn — Zn""+ 2¢" onZn - 9
(c)Zn— 7;n+2+ 207 22) In—7n%+ e
Large scale sodium m ‘o )Zn = 702+ 20"
16, etal js fn "+ 3e
(a) Cl Produced by the electrolysis of fused:-
(c) Br %Fc
_ Electrode through whi - ) NaCl
X (a) anode ich electrons enter the external circuit:
‘(,ezlectrode (b) cathode

eLECTROPLATING (d) none of these
18. fdlgcctrode through which electrons leaye the external circuit.

anode
(¢) graphite (b) cathode -
: (d) electroyte
19.  Zinc plates are made by
(a) Iron (H{Steel
(c) Both (a) and (b) (d) None of these
- 20. Foog_‘cans are generally:-
(2)'Tin plated : (b) Zinc Plated
(¢) Iron Plated (d) None of these
21,  Metal reacts with Oxygen and moisture in the atmosphere is called:-
Corrosion (b) Prevention
(¢) Chromium . (d) None of these
22.  Inreduction reaction elcctrons arc:
(a) lost Mbsorbcd
(c) kept constant (d) all of thesc
23, * In an oxidation reaction clectrons arc:
\(b] lost
(2) absorbed (d) increased
(¢) moved ——
2.  Inan oxidation reaction electroms €t .
: ¢) moved (d) increased
(a) absorbed “4; lost (©)

ANSWERS KEYS
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SHORT QUEST ¥
lectrons. ¢

s OR Guin of E
;4 clectrons:-

A pracss o s TR 5 (h' 0 callcd oxidation.

A process that involves the loss of electrons by an ¢icmetit =

+ -
» Na +¢

Lg

Na 5 ‘
Ca » Ca“+2c

a substance is called Reduction, |

a. The process that involves the gain of electrons by
Cl+¢ » Cl ,
O+ 2¢ » O
Q.2 Define Reduction? .
Ans:  The process that involves the gain of clectrons gain 0
by a substance is called Reduction. .
Q.3 Differcntiate hetween oxidation and reduction

Ans:

{ hydrogen and removal of oxygen

Reduction

Loss of oxygen

U LE e Oxidation s

Gain of oxygen
Loss of hydrogen Gain of hydrogen
Loss of electrons Gain of electron
Decrease in oxidation number.

Increase in oxidation number
Q.4 Explain the term oxidation on the basic of electronic concept with an examp!
Ans:  According to electronic concept: The loss of electron by an atom or an ion is called

“s
~e

oxidation. For example:
Mg _L“L’M_) Mg+2 + 20'

Q.5 Inacompound MXj, find out the oxidation number of M and X.
Ans. Compound = MX;
[f we consider that the oxidation no. of M = +3

[Oxidation no. of M] + [oxidation no. of X] 3 =10
(+3) + |Oxidation no. of *X"|3 =0
[Oxidation no. of “X"] 3 =-3

Oxidation no. of "X = —;

22

Oxidation no. of X = -1
Q.6 Define oxidizing Agent?
Ans: [s the reactant containing the elements that is reduced (gai i ' '
-l s 08 S1E €1 gain electrons ) in a chemical reaction.
ELECTROCHEMICAL CELL )
Q.7 Detine battery?
Ans: A battery is a galvanic cell or g; )y ic cells joi
> d e gioup of galvanic cejls : :
Q.8 Define voltaic cell? >Jolned an series.
Ans:  The cell which involves spont il G : .
vl pontaneous redox. reaction to generate electricity 18 called a
. o . '
Q.2 What are the 3 important products are produced by brine electrolysis?

Ans: (i) Cl gas () NaOH,  (jij) Hydrogen gas.
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/V - ———————— Electrochemistry .

Wo Which type of chemical reqc

0" n electrolytic cell, non spong
,\nll- what type of reaction takeg
0" Oxidation takes place at ang

electrode release electrons ag:

tion takes place {

L 2CI' — 201 +2¢
012 Why the positively charged clectrode is ¢ N
A

o The positive charged eiectrode i called ol anode i clectrolytic cell?

of the battery and all electron move towar‘t;]soi(:casincrcasc t connected to the CApARGIT

2CI' —2C1+2¢

13 Define  Galvanic cell?

Ans: An electrochemical cell that converts chemic
Q.14 Differentiate between Electroly

Ans:

al energy into electricity is called Galvanic cell.
te and non-clectrolyte light

_Elcctrolyte

‘ .‘ e : . Non-électrolyte
substance that conduct electrically | A substance that cannot conduct

when it is dis:solved in water or in the | electricity when dissolved in water or
molten state is called electrolyte. in a molten state is called Non-electrolyte.
| e.g: NaCl, KCI, HCI, NaOH etc. e.g:  Urea, sucrose, benzene etc. |

Q.15 Towards which electrode of the electrolytic cell moves the catious and what does
they do there? '

Ans: Catious ions carry (+) charge, they move towards the cathode in an electrolytic cell.
They gain electrons at cathode and oxidized.

Q.16 Where does the sodium metal is collected in down cell?

Ans: Na® are reduced at cathode and molten Na-metal floats on the denser molten salt mixture
from where it is collected in a side tube. - ' '

Q.17 Define Galvanic cells, '

Ans:  Galvanic cells: _ e -
The cells which 1nvolves spontancous redox reaction to generates electricity is called a

galvanic cell or voltaic ccll.
Q.18 Define Battery?
Ans: Battery:-
A battery is a galvanic cell or
electric current by redox rcaction.
0.19 Discuss constru;‘tion of galvanic cell?
jAns:  Galvanic cell consist of following | arts:
e A zinc bar dipped into a IM ZI}SU., solLlltlgnn
e A copper bar dipped into M Lu$Q4 :0 ;uilﬁen .
* A salt bridge which is used containing a
react with electrodes.
e A voltmeter to measure

a group of galvanic cells joined in series. It generates

lectrolyte ear as KCl, it ions do not

current.

m CamScanner


https://v3.camscanner.com/user/download

|
Electrochemlstry f

—

Chapter-?

) 3 = alvanizing? _ ) ,
Q.20 Whatis the advantage of g inc protects the iron against cOrrosion even after ,

Ans: A big advantage of galvanizing I8 that 71
coatine surface is broken.

ELECTROPLATING

sne clectroplating? ‘ ' .
0.21 Define clectroplating | over the other by means of electrolysis

) ating is depositing of onc meta
Ans:  Llectroplating is depositing 0 . ' ly
Q.22 Why is the anode made up of a metal to be deposited during electrol'ysls.
Ans: Bcc;ursc when current passed, the metal from anode dissolved in solution and metallic jong

micrate to the cathode and discharge or deposit on the object. As the result of this charge, 5
o't !

thin layer of metal deposits on the object.
Q.23 State the best method for protection of metal from corrosion.
The best method for protection of metal from corrosion is the coating of highly resistant

Ans.
: metal. Corrosion resistant metals like Zn, Sn and Cr are coated on the surface of iron to

protect it from corrosion.

L]
! g
—ﬁ‘&bﬂ‘i What is the advantage of galvanizing?

Ans. A big advantage of galvanizing is that zinc protects the iron against corrosion even after the

coating surface is broken. '
Why is the anode made up of a metal to be deposited during electrolysis

3 AQ.ZS
o>Ans.  Because, when the current passed, the metal from anode dissolved in the solution and
metallic ions migrate to the cathode and discharge or deposit on the object. As a result of this

Understanding:

Students will be able to:
Define oxidation and reduction in terms of loss or gain of oxygen or hydrogen.

(Rememibering)
Define oxidation and reduction in terms of loss or gain of electrons.

(Uin ferstanding)
fdentify the oxidizing and reducing agents in a redox reaction.

(Arvzing)

Deine oxidizing and reducing agent in a redox reaction.
(Understanding)

*  Define oxidation state,

(Remembering)
State the common rules tor assigning oxidation numbers to free elements, ions, simple and

complex molecules, atoms.

(Remembering)

* Determine the oxidation number of an atom of any element in a compound.
(Applying)

» Describe the nature of electrochemical processes
(Understanding)


https://v3.camscanner.com/user/download

Chapter-7 e

LONG QUESTIONS
hemistry or Redox Renctions On Industrial Level?
“with the conversion of clectrical energy intg

fElectro C
into  clectrical — encrgy is  called

.No.1 : What is the jmportance of L1 ‘ ;
f(\)ns: The branch of chemistry whxch. deals w.ll' |
chemical energy chemical — encrgy
ELECTROCHEMISTRY. P
Electrochemistry plays a vital rolc on Industrial leve

products.
of tons of Important metals such as Copper,

For Examplc )
. et O N TR 1S

1) Electrochemical Industries produce milhol b o

Aluminium, Magnesium, Sodium and Zince cle. through ‘Clbclr()lyhlh Processes.

2) They also produces Caustic Soda. Chlorine, Silicon carbide cte. o

3) Important proccsscs such as Rusting of Tron objects, combustion of “'.Ul in automobile

engine, forest fire and metabolism of food in human and animal bodics are involving

| for the production of Industria|

Redox reactions.

4) The turning on of a flash light, mobile, calculator. clectronic toys cte also gencerates out
because of a current of electricity.

5) Housc hold bleaching agents decolourize the color bearing substances in strains involve
Redox reactions.

6) Dying of Aluminium can produce metallic red. blue or other colours on the metal surface
because of process Electroplating.

a-days for absorbing dyes

7) Anodized Aluminium sheets are widely used in buildings now-

because of Electrolysis process.
Hence due to the detail discussion. we conclude that Electrochemistry plays a vital role

in Industries.

Q.No.2 : What is meant by Anodized Aluminium?
Ans: Process of anodic oxidation of metals (Aluminium) with the object of giving protection

against corrosion called anodized Aluminium.
Q.No.3 : a) How many ways of expressing Oxidation and Reduction?
b) Justify the practical usc of oxidation/ Reduction reactions on Industrial levels

with reference of Loss or gain of oxygen and Hydrogen.

Ans:
a) Ways of Expressing Redox Reactions
There arc three different ways of expressi * oxidat]
_ : ays ol expressions of oxidation and Reducti i
(i) Loss or gain of oxygen and hydrogen. tion reactions.

(ii) Loss or gain of electron (s).
(iii) Oxidation number decreases or Increases,

b) Practical use of Redox Reaction

Redox is stand for Reductio ddati

n-Oxidation reactions i '

chemi SR | T O——" reactions simultaneously observed 1n same
. lneg:;e]ll Irslalcl::o? l“hestL reactions plu?'s an important role as fonowz onset

n Steel » Iron ores usually oxides of Iron are ¢ ' tal on

ndustrial level by the following reaction in the blast fi vttt it

st furnace,

C+0 1500C° C i >
: = —>CO0, + heat (Exothermic reation)
CO, +C—%C \50(F
- 2CO(Endothermic reaction )
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I M . \ :
i In this rcactlon. l?uaox l()\\
- 4 “(.\n R

Fc‘2‘03’ll‘s reduced iny, Fe ang R -\ng Mhich yuing by
2) Acetylene (Coly) jg Conmerjyy Nz ingg ¢
burns, it produces | very 1 2,

: I cuttin .
reaction takes place. + 10U Tapy, g and we

¢ Known
C:I-I2 +35

Eloctrochommry

s

CO ang oxidizes into CO3, Thus

o Iding metals, When acetylene
S OXy-ucetylene Name and the following
0\\ 0
Or 20,1 520 OO e

' = ’ ] ’ ".
. =0 YT2CO, 4 H O a b
h]]‘ll]]:ss l/tmzuon. Acetylene loses hydrg ,z\ 2O+ heat
.cuylcnc gets OXidizeq { -\-Em
H,0 (gain Hydrogen) - Toses hy
Coal is burneq in'T

Exothermic reaction )

and OXygpe

n gains hydrogen to form water,
drogen)

nto COp and oxygen is reduced into

‘>
~—

hcrm' '

al Power Sy

e ; Stations 1o pr © cleetrieity Th ‘
occurs, when it burns ¢ +0 0, & produce clectricity. The following reaction
S 270, +heat
In this reaction, carbon aton, .

4) The formation ol a looge ﬂ:lki;uln e ol fond gets oxidized into P

Iron is calleg Rusting aver of hydrated Iron (I11) oxide. Fe;04 on the surface of
‘ ' on, following reaction oceurs
4Fe +30, ——2Fe,0, % 4
In this reaction, iron g
Example 7.1

Identifying the clements unde
Following re

ams oxygen and gets oxidized into Fe;05.

. rgoing oxidation

action occurs when we burn Syi gas (Methane, CHy)
CH, +20, —CO, < 2H,0+ heat

Identify the clement undergoing oxidation.

Problem solving strategy

[dentify the substance that gains O-atoms or loses I-atoms.
Solution

Since C in CH. which loses H-atoms and combines with oxygen atoms and form CO,
thus C atoms undergo oxidation. At lhg same time O-atoms combine with H-atoms to
form H,O. thus O-atoms undergo reduction.
Q.'No.4:a) Define Oxidation and Reduction in terms of loss or gain of oxygen and hydrogen.
b) Define Oxidation and Reduction in terms of loss or gain of clectron ().
) Define 0\"i(htinn Number or oxidation State and explain oxidation and Reduction
C xidati G HaYe i )
in terms of decrease or Increase of Oxidation State.
Ans: a) Oxidation ' N
O)xidation is defined as the gain of oxygen atoms
Example: - y
i) oxidation of C into CO: by combustion |
‘ | C+0, —~CO,

. . oy 1 /')O
(ii) Oxidation of Al into Al 34A1+303 210,

i lefined as ihe loss of hydrogen atoms by a molecule.
Similarly oxidation 1s also defi .

Example: o5 »4CO, + 11,0 + heat
2C,H, +50, — . ‘
2C,1 _"O +CO, +2H,0 + heat
i L i 2005 e Ny T
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h oxygen atoms, thus c-atom.

Since C;H, and CH, loss H-atoms and combined wit
undergo oxidation and form H,O. |

Reduction
Reduction is defined as the gain of Hydrogen atoms.
Example:
2H, +0,—2H,0
N, +3H, — 2NH,
ain hydrogen and forms H,O and NH,

In these reactions, O, and N; molecules g

respectively similarly, reduction is also defined as the loss of O-atoms.

Example:
Fe,0, +3CO —— 2Fe+3CO,

Zn +CuO —— ZnO +Cu
In these examples, Fe;05 and CuO loses oxygen and forms Fe and Cu respectively.

b) Oxidation . o
A process that involves the loss of electrons by an element is called oxidation.

For Example
Group I-A Alkali Metals (Li, Na, K) and Groups II-A Alkaline earth metals (Be, Mg, Ca,
Sr, Ba) loses one or two electrons respectively to form positive charges called cations i,e
M*' and M*2.

In doing so, these metals undergo oxidation

Examples:
Mg—> Mg Y 42e

Li——Li*'+e”
Na—— Na*' +e” Ca——Ca** +2e”
K—— K" +e" Sr——Sr*? +2e”

Other ethples of oxidation are:
Fe——Fe™ +2¢”

Fe? — Fe®” +e”
Cu——Cu™ +2¢”

Reduction .

A process that involves the gain of electron (s) by a substance is called Reduction.

For Example
Group VA (N,P),VIA (O,S) and VII A (F, C/) gain 3, 2, 1 electrons respectively to form
Negative lons called Anions i,e N** O, F"' respectively: They undergo Reduction.

Examples
N+3e —— N~ (Nitride)

0 +2e" —> 07 (Oxides)
F+e” — F' (Flourides)

P+3e”—— P~ (Phosphide)
S+2e” —— S (Sulphides)
Cl+e”—— CI™'(Chlorides)
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 Oxidation Numhep .
0 It is defined ag the nun?;‘ldation State
Oxidation state, ®r of ¢

ar
For Example 888 on gp 4
) InNa™, the OXidationy ) "
“, the oxida; mber of Ny, «
fiy In O™, the oxidatiop Of Nas ) .
fil) In C/ atom, the ox; d Umber of (y » I While v ;

Xidatiop 182 While %y «
Oxidation Numpey is Zer bcin2 |
The element thyy shows g, ; use |
be called OXid&li()n. rease ;

Example

8s will

Na® —— Na*! 4o
) *2 -

Fe'- > [t TP

Reduction

The clement thay g1
10W a decregse i idats
be called Re duction, n Oxidation numper are reduced and the process will

Cl*+e” — ) For Example

0" +2¢" —

Hte——H"'

Similarly, H, + CI, — 2HC]

In this reaction H in HC/ is oxidized from H,e to H'C/"" which CJ in H Cl is reduced
from Cl,° to H™'CI"'

Process leading to oxidation and reduction

Oxidation Reduction |
‘ ’ S €
Gain of oxygen . Loss o.foxyg n
Loss of hydrogen Gain of hydrogen
L f electrons Gain of electrons
oss of elec —
se in oxidation number/state
- oxidati mber/state | Decrea
[\{péregpe in oxidation 70

idati i tion is involved.
. oxidation-Reduction reac
Q.No.5: Justify that In Photography |
Ans:  Redox in phOtOgm-p.hy . .ally an emulsion of silver bromide, (AgBr) in gelatin. N
A photographic film 15 baslga ’ light, Silver bromide granules become activated. This
ilm is exposed 10 ST Tl e ling . When exposed film is
When the film 1s e‘\P;)] . intensity of the light falling l.,por} Il}cmn 'dh:)[(] :i:::nttvh]i lh‘ i:
activation depends on the 1 1 that is actually a reducing agent. ydroq none lL‘ s
placed in the developer .501”“3 as developer. In hydroquinone the 1lLII\"¢tl‘IC gra'nu es of
a mild reducing agent lsdui:bl"nck metallic silver. Reduced silver atoms form image.
. c L duce b
silver bromide are e

410>
e ———
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Ag” +le” — Ag’,, —(Rcduction) ;

Inactivated silver bromide is removed from the film by using a solvent called a fixer,

Sodium thiosulphate is used for this purpose. The areas of the film exposed to the light

appear darkest because they have the highest concentration of metallic Silver, Thus

photography involves oxidation- reduction reaction,

Example 7.2

Identifying the clement oxidized or reduced ' L ) . (i
In the following reaction identify which clement is oxidized and which element is being 50\“1)
reduced.

2Ca+0,——2Ca0

Problem solving strategy s ;
Ca being metal will form cation by losing electrons (oxidation) and oxygen being nop.
metal will gain electrons (reduction) to form anions.

Solution 4
We have learned that Group IIA metals form M*? cations, and that Group VIA non-
~ metals form X anions. This means in this reaction each Ca atom loses two electrons to
form Ca™, so it is oxidized. Each oxygen atom gains two electrons to form 072, so it is
reduced.
Ca—— Ca™ +2¢” (oxidation)
O, +4¢——207* (reduction) or O+2e ——0
Q.No.6: Describe the General Rules For Assigning Oxidation States or Number?
Ans: Rules for Assigning Oxidation states or Numbers
1) The oxidation state of any uncombined or free elements is always zero €.g., oxidation
state of Zn, Na, H in H, S in S; etc is zero. '

2) In simple ions, oxidation state is same as their charge e.g., oxidation state of Na in Na™!
and Ca in Ca™ are +1 and +2 respectively.

3) Inacomplex ion the total sum of oxidation states of atoms is equal to the charge on their
ion. e.g., in CO3” the sum of oxidation states of C and 30 atoms is -2, Similarly, in
NH;™, the sum of oxidation states of N and 4H atoms is +1, '

4) The oxidation number of each of the atoms in a molecule or compound counts separately
and their algebraic sum is zero e.g., In HCI, the sum of oxidation states of H and Cl atoms
is zero. Similarly in CO,, the sum of oxidation states of one C and 2 oxygen atoms is
zero.

Table shows the oxidation states of some of the elements in binary compounds which
rarely change.

Table: Oxidation states of scme elements in binary compounds that rarely change.

L enients Oxidation State j
- Group-1A 1
Group-I1A >
Group-111A 3 =
I H . .
| +1 (except i i here it is -1)
Group-VIIA : (except in metal hydrides w
- -t _ I
; — | -2 (except peroxides™) and in OF it is +2
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¢ /oo
Mmining 0X

D - idatio erIng oy
A device called Bregyy, Alyzer ; Mpound:

contains an acidic Solution o 4 by police to test

. X 0 . . -

agent. Determine OXidation sy Otfaésl_un? dichromate K,
Problem Solving Strateg rinit,

Use rules 1 10 4 and ¢,

to get oxidation nymp

N numy

person’s breath for alcohol. It
Cr,07. Tt is a strong oxidizing

Eel as many oxidaj 5 can. Use rule 4
er that hag g Y OX1dation numbers as you

tbeen assigneq,

therefore, overal] oXidatioy
2) There are 7 oxygen
3) Suppose oxid

for Cris 2x.
4) The sum of oxidatiop numbers

+2 +2x + (_14) 0

: belongs 1o Group-IA. There are 2 K atoms
1 huniber for k ig 2(+1)=+2 '

atoms, therefore overall o

ation e (.. - Xidation state for O is 7(-2) = -14
ation for Cr s x, sincee there tw

0 Cr atoms, therefore, overall oxidation state

nust be zero.

2X=12=0
2x =12
X=+6
= '1‘3
Thus oxidation state for Cr in K,Cr,04
Example 7.4
Determining oxidation state

Boric acid H3BO; is used in eye wash. What is the oxidation state of B in this acid?
Problem solving strategy

Use rules and table 7.2 to get the oxidation state of H and O-atoms, Use rule 4 to get the
oxidation state of B.
Solution

1) There are 3 H-atoms, therefore, overall oxidation state for H is 3(+1) =43
2) There are 3 O-atoms, therefore, overall oxidation state for O is 3(-2) = -6
3) Suppose the oxidation state for B is x.

4; Th};plotal oxidation states for all the atoms must be zero.

is +6

+3+x+(-6)=0
+3+x-6=0
x-3=0
Xx=43 _ .
idati H3BO; is +3.
xidation state for B in B |
Q.No 7“31(8:{}11;2 (S:Lidizing and Reducing Agents with Examples.
Ans: Oxidizing Agent taining the element that is reduced (gains electrons)
idizi is the reactant cor
An oxidizing agent 1
in a chemical reaction.

Reducing Agent Uis the reactant containing the element that is oxidized (loses electrons)
. > 1
A Reducing agen

in a chemical rcaction.
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J
For Example . . y? ;
Sodium and chlorine reacts 10 form Sodlullrl_(ihloﬂd& ﬂ’
2 Na+Cle, —>2Na Cl o |
Na is reducing agent because it is being oxidized as 1ts oxidation no increases from &
2Na —> N&aC/ while clz is oxidizing agent because 1L 1S being reduced as its r
oxidation No decreases from Cl,> — NaC/™
Identifying Oxidizing and Reducing Agents
Actlvity : KMnO, )i
Prepare solutions of ferrous sluphate (FcSO 4)a.nd potassium permax.lganate ( ) 4)m
separate beakers. Transfer about 10cm? of ferrous sulphate solution in a test tube. Add
about 10cm’ of dill. H2SOj in it. Now add few drops of KMnOs solution in the test tube.
What happens? \ o
FeSO; reduces KMnOs. So its purple colour is discharged.. 1§Mn04 Oxidizes FeSOj in this
reaction. FeSOy is reducing agent whereas KMnOj; is oxidizing agent.
idi (
Oxidized
Oxidizing Agent ' !

< 7 =2(3) 2 a +2 -2 3 -2
2K Mn O ++8H,S0, +10FeSO; —> K SO, +2.\1nSO4+5Fc:(SO4J +8H,0
T Reducing Agent T :

Reduced
How can you identify oxidizing and reducing agents in a chemical reaction?

Consider the following reaction that takes place in the manufacture of steel.
Fe,0,+3CO——2Fe+ 3COL
To identify the oxidizing and reducing agents, work out the oxidation states of all the
elements involved in the reaction.
2(+3) 3(-2) +2-2 o 202
Fe, O3;+3CO——2Fe+3C O
i) Carbon is being oxidized because there is an increase in its oxidation state from +2 to +4.
ii) Fe is being reduced because there is a decrease in its oxidation state from +3 to zero.
iii) The reactant Fe,O3 contains the Fe that is being reduced. So Fe->Oj is oxidizing agent.
Oxidizing or reducing agent is the whole molecule or formula unit and not the atom that
has undergone change in oxidation number.

Example 7.5
Identifyin.g the oxidizing and reducing agents
Tungsten is used to make filaments for electric bulbs because it has the highest melting

point and high electrical resistance. This metal is obtained f; : 0s
.S . 1S obt ;ide, WO3
by reducing it with hydrogen gas. s obtained from tungsten (VI) ox1

WO, +3H, —-> W +3H,0

Identifying the oxidizing and reducing agesnts in this reaction
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problem solving Strategy
j: Workout the oxidation stgye cfall th
€

® »2: Note the element that ; elemente :
- F - £ ° S und . . ents lnvo [
oxidized. The reactan ¢ ¥rgo 1volved i

First assign oxidation Ny
mbers of ¢
; Reduced ~  chaoms

. K
‘—{/ ()'-(3) o 0 =2(+1)-2
3+3H — 5wt 3y 2,0
4 Oxidized A
Becaus§: the oxidation number of W dec
the oxidation number of H increases, t

reases, So WOs is an oxidizing agent. Similurly
herefore, H is reducing agent.
Q.No.8: a) What are Redox Reactions? How they are produced?
b) Describe the method of recovering metal from its Ores.
Ans:

a) Redox Reactions

Cations are formed from metallic elements after removal of electron (s) and Anions are
formed from non- metallic elements after gaining of electron (s) as a result of combining
of cations and Anions, Ionic compound are formed e.g: Calcium (metal) and Chlorine
(non-metal) contain neutral atoms. After transference (?f cl'ements frqm calcit.xm atoms to
chlorine atoms and form calcium chloride involved oxidation reduction reactions
simultaneous called REDOX Reaction (Red for Reduction and Ox for Oxidation)

0 0 2 -1)2
Ca+Cl2 — s CaCl;

+2 ;
Ca—— Ca oxidation

o -1 .
Cl, —> 24 Reduction

Charge
i 1 their Ores " (ore, Nmeelons, coke) )
b) Method of Recovering Mctals.fron . e MisiaE &
Redox Reactions are commercially very 1mpo R e E.
the mélals are recovered from their ores by Redox Reactio

i oxides or
because most of the metals ar¢ found in nature as

: i | is
ining the ore, desired mineral

ide ores. After mining = ; Oxides

Sulphltdfil from the other materials. I"urlﬁed Mc.:tal ot n b @

separate 5, i dree metals by using Rcducmﬁ dr%) cn' 90;(:0 2k

i\e e Coke, Carbon Monoxide gas and Hydrog il

uminium, s b G ' furnace

gas are generally used as Reducing Agerﬁs'ematitc (Fe,03) by o a

Tron can be extracted from their Or€ a

wn in figure. : .
reducing agent in a Blast Furnnace as sho 4 Coke are introduced into the Blast Furnace

Iron ore (Fe,05), Lime stone (CaCOs3) g up the furnace from the bottom so called Blast

= _ rom the top. A blast of hot air 1s forcé e to form mostly carbon monoxide and some
. Furnace, The oxygen gas reacts with

\\
Molten Fe

201
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Chapter-'l Electrochemlmy
carbon dioxide. These reactions are highly exothermic. As hot Co rises, it reacts with rgn
oxide and reduces it to iron. Molten Iron collects at the bottom of the furnace. Limestone
removes impurities i;e. SiOz, AlO; Iron as slag. The reactions are given below:

C+0,—>CO, +heat
CO, + C——2CO+heat
3CO +Fe,0,— 2Fc+3CO0,
CaC0O, —2—>Ca0+CO,
" Ca0 +Si0, —-— CaSiO, Slag
CaO + AL,O, —> Ca(AlO,),
Similarly, Lead and Zinc metals are extracted by their ores. These ores are first converted

into corresponding oxide by heating in oxygen. In this process, Sulphur is oxidized and
oxygen is reduced. These oxides are then reduced by Coke, Co or H; as educing agents

as shows in the following reactions.
+2-2 +2 -2 o +4-2(2)

PbO+ CO —Pb+CO,

OAgent  RAgent

+2 2 ) o 2-2
Zn0+C——Z7Zn+CO

£ =2 0 o ‘Y’I(ZJ*:

C uO+ H, —Cu+ H 20
OAgent R Ageit

Q.No.9: a) Define Electro Chemical Cells.
. b) Differentiate bétween Electrolytic and Galvanic Cells.

¢) Why Electrochemical Process Involves Redox Reaction?

Ans:

a) Electrochemical Cells
An arrangement which consists of electrodes dipped into an electrolyte in which chemical

reaction uses or generates electric current is called Electrochemical Cell. e.g. Electrolytic
Cells (Down’s and Nelson’s cell) Galvanic cells (Daniel’s and Ni-Cd cell)

b) Electrolytic Cell
The cell in which a reaction occurs with the help of Electric current is called Electrolytic

cell.
e.g.: Down’s Cell
EC
2NaC/——2Na, + Clz(g)
Nelson’s Cell
2NaCy,, +2H,0—>2N"a+ 20H +H, +Cl,
2) Non-Spontaneous oxidation-reduction reactions takes place

Galvanic or Voltaic Cell T
The cell in which a reaction generates electric current is called voltaic or Galvanic ¢ S

1)
e.g., Daniel’s cell, Lead storage battery, fuel cell etc.
2) Spontaneous oxidation-reduction reaction takes place.
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b)

Activity 7.1

1)
2)
3)

§ an oxidation-reduction or
b d non-Electrolytes?

. ten weak and strong Electrolytes,
“Ween spontanegyy and Non-Spontaneous Process,

a redox reaction.

Non-Elcctrolytcs solution, HCI, NaOH etc.
g\ta?lfb‘s‘lanccs that cannot conduct electricity when dissolved in water or in the molten
¢ 1s called Non-clcctrolytcs.

€.g.0 urea, glucose, Sucros
Weak Electrolyte
I'he substances which gives poorly conducting solutions when dissolved in water are
alled weak clectrolytes, C.£: Ammonia, Acetic Acid, carbonic Acid and organic bases.
Strong Electrolyte

The clectrolytes which give hig
called Strong Electrolytes e,
Spontaneous Process

A physical or chemical change that occurs by itself is called a spontaneous process,
Spontaneous process do not require a source of energy to make them happen. For
instance water flows from higher level to lower level, Iron placed in moist air, rusts. The

flow of electrons through a conductor can be obtained from a spontaneous oxidation-
reduction reaction. This is the basis for how batteries work.

Non-spontancous Process .
On the other hand a physical or chemical change that re
them happen is called non-spontaneous process. For ex
from lower level to higher level by using a pump.

¢, benzene ete.

hly conducting solutions when d

issolved in water are
g HC/, H,804,NaC/ ete.

quires a source of energy to make
ample water can be made to flow

b}

Passing clectricity through aqueous solution

Do You Know
You will need

An electrode is a conductor in a circuit

that carries electrons to or form a
Beaker substance other that a metal,
Graphite rod ] ) c.g. Graphit ods caressed  as
A {)gtlcry and Conducting wires et S
(e

CICCH’OdL‘S.
ucous solutions of NaCl, NaOH, urea and glucose
Aqueous solution a

t the following
S;r:l'l))’ t(;; circuit as sown in.lhe ﬁgurc-7.4,
Fill beaker with one of the given solutions.
Dip graphite rods ir3 the solution.
Note if the bulb is lighted or not.
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5) Repeat the experiment with other solution one by one, Sy
6) Identify electrolytes, L of e
Figure shows an easy metho o
clfclrulylc.q and n(m—clgclrulytcs. When gruphilt: ‘ul\-clm[i\':te‘ ,
are dipped in pure water, no current lows. But il you “f“ “ vinme— -
small quantity of solution of KC/, the bulb glows, KCHis ar g
ionic compound, 1t breaks up into .
K' and CI"" jons, as its dissolves in waler, These fons move
towards the opposite electrodes. Thus current (lows through the | " -
solution and the following renctions will be observed, ('l'\”:::‘ol;\n:‘:‘1:::;11{1nl::':l‘s.:ltlul:)‘ll:::rln'

’ I ¢ ’ 1
KC l(m|) —) I\ (nq) ol l (m) )

At Anode (Oxidation Occurs
2Cl ——Cl, +2¢

At Cathode (Reduction Oceur)
2K" 4 2¢ — 2K

2K 4 21,0 > 2KOI 1 11,
Q.No.11 : Sketeh a eleetrolytic Celly, Labelling the Cathode, Anode and the divection of flow
of the eleetrons,
Ans:  An clectrochemical Cell inwhich electrical enerpy is used to drive a chemical reaction iy
«called an Eleetrolytic Cell, Figure shows the sketeh ofan Electrolytie Cell,
An electrolytic cell consists of
n) A vessel containing an electrolyte (MX).
b) Two inert electrodes
¢) A battery
The figure shows that clectrons move from anode
to cathode in the outer circuit, in the solution the
cations move towards cathode and anions towards
anode. At anode anions oxidize by loosing
electrons. At cathode cations reduce by gaining
clectrons. This means oxidation occurs at anode
and reduction at cathode,

MX ) == M’ + X

distinguishing  betweer

(nq)
At Anode X ——X+e (oxidation occurs)
At Cathode  M'+¢ —M (reduction oceurs) .
Q.No.12 : List the possible uses of Electrolytic Cells
Ans:
Uses of Electrolytic Cells
Possible uses of cleetrolytic cells are as follows:
2) Down's Cell is used for the commereial preparation of sodium metal. 1t produces chlorine
gas as by product.
» ) o ~ N\ 1 Y Y . A WA ! ! N . :$
b) Nelson's Cell is used for the commercial preparation of sodium hydroxide. It also
- produces chlorine and hydrogen gas as by product, )
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e
0 ety e

metals,

d) Itisused o Produce ajymin:
€) Itisused fo, th 2luminium e

Purificarj
) Electrolytic cells Cation of copper.

X used to ,
2) Elemrolync cells are electroplate metals such as tin

gofanog i
| other metallic ¢o) oy on thel;i:;l;r:]r;:?;m can produce metallic red, metallic blue or
Q.No.13 : a) Define Salt b idge,
b) W hat.is the function of Salt bridge?
o ¢) Describe the Sketch of Galvanic (Daniel) Cells.
Ans:

a) Salt Bridge
Itisa U-shaped glass

tube having 5 Saturated Solution of some stron electrolyte like
KCl, K2S0; or KNO, 1 .

like glass woq] Or cotton

¢ glass tube is sealed at both of its ends by a porous material

_ Play. It prevents the physical contact between the two
electrolytic solutions,

b) Function of Sajt Bridge
It has two major functions:
1) It connects the solutions i
2) It maintains the electri
¢) Galvanic Cells (Daniel Cells)
The cell which involves sponta
l0 generates electricity is ¢

A galvanic cell consists of the following parts:
1) A zinc bar dipped into a 1 M ZnSoy solution.

2) A copper bar dipped into a 1 M CuSO; solution, '
3) A salt bridge which is inverted U tube containing an inert electr
do not react with the electrodes or with the ions in solution, It iy

neous redox reaction

alled a galvanic or voltajc
cell. The name Voltaic s given to this cell because

Alessandro Volta discovered first such cell. The
English chemist Fredrick Danie] Constructed
Voltaic cell using zinc (Zn) and copper (Cu)
clectrodes. Therefore this cells is named as Daniel
Cell. A galvanic or Daniel cell is shown in figure.

first

Za50), wohewa Cold, wNum

Figure: Galvanic cell

olyte such as KCI. Its ions
1akes the electrical

contacts between the solutions through which ions can move.
-3

4) A voltmeter to measure current.

artment of cell is called a half cell. Thus a Danje
-EZ?Ch i . When circuit is complete electrons begin to flow from Zn rod
e Sf:r’lCS- Curod. Thus Zn half cell acts as anode and Cy |y
f\.'\(:tcgn:ﬁit“altjl lfoccll conéists of a metal rod dipped in the solution of'its salt.
1

Q.No.14 : Describe the Reactions In a Daniel Cell,
Ans:  Reactions in a Daniel Cell

I cell consists of two half cel]

through the
alf cell as cathode,

. 11, electrons flow from Zn rod, through the external wire to Cu rod. This is
b ore tendency to undergo oxidation than Cu. Zn atoms from the rod g0
s ZT }:'asnn:is Zn"? ions ieaving electrons on the rod. These electrons flow in the
into the solutio

A\;A ——
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: artment. Cu™ jons
external circuit. Thus oxidation half reaction 0CCUrS zit a:lr(c))(ciiz Zﬁ?gre reduce(ciuRelé):s in
copper sulphate solution capture electrons from Cu etecS T b oxidation and reéuctio r::tmn

. haif cell reduction occurs at the cathode compartment. X1d.

reactions are . ~''ed half cell reactions.

At Anode (Oxidation half reaction): . )
Zn(s)—>Z0" () * €8

At Cathode (Reduction half reaction):
Cu+2(aq) +2e — Cu (S)

Q.No.15 : a) Define Cell and Battery.

b) Describe how a battery produces Electrical Energy in a Dry cell.

. Ans:

a) Cell and Battery -
A cell is combination of tw

o metal plates, one acts as cathode (negative terminal) and
other act as Anode (positive terminal). It is represented as + ||- and its potential is 2 volt.

Conventionally, Anode line is bigger than cathode.
A Battery is a Galvanic cell groups joined in series of a circuit. It generates electric

current by a Redox Reaction. It is represented as *II || || ||—
Examples of batteries are dry cell, storage cell, mercury battery, Ni- Cd battery etc...

—— s udatur

— e Lot W
o W

= M0, and cartan bach Parg
e NH | and 2oCLy paste
; [rlectrod yve)

s L mmadal (0
(anaxde )

Figure: Adry Cell

b) Dry Cell |
The dry cell batteries are used to power many flashlights, toys and small appliances. The
anode is the zinc metal of the container and the cathode is an inert graphite rod at the
center of the container in contact with a mixture of MnO; and carbon (charcoal) see {ig
below. The electrolyte is a mixture of moist NH4Cl and ZnCl,. Following reactions take
place in it.
At Anode (oxidation takes place which means loss of electrons)

Zn——Zn" +2¢

At Cathode (Reduction takes place which means gain of electrons)
2NH‘1 +2MnO, +2¢” —— Mn,0, + 2NH; +H,0

This cell produces a potential of 1.5V
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b) Describ ) ' |
Dozvn’s C::ll? 'the Manufacture of Sodium Metal from fused sodium chloride by

D .
8e|1_esc”bc the Manufactyre of Sodium Hydroxide from Brine Solution by Nelson’s

Ans: ,
a) Functions of Elcctrochemical Industries

g}ggggﬁe C_Tlerlgy_ 'S extensively consumed by the chemical process industn"es.

. mical industries usc~eIectricity to bring chemical change and produce wide
variety of substances, Sych industries are called electrolytic industries. These industries
prOdl:lC?. substances that cannot be made economically in another way. For example,
?lumlnfum and calcium carbide, sodium hydroxide, magnesium, and hydrogen. These
industries also include electrolytic refining and electroplating industries. Electricity is also
used to produce heat tha

or : t produces high temperature required in the electrothermal
chemical industries,

We will discuss the el_ectrochemical preparation of the following.
1) Manufacture of sodjum metal from fused sodium chloride.
2) Manufacture of NaOH from brine.

3) Electrolytic refining of copper.

4) Electroplating of Zinc, tin and Chromium on steel.

b) Manufacture of Sodium Metal from Fused Sodium Chloride
On the large scale sodium metal is produced by the
e]ectroly_S_i_s_gf_fu_g_gQ\Ig_C_l_. An electrolytic cell called
Down’s Cell is used for this pr.

.The electrodes are iron cathode and graphite anode.
Chlorine is obtained as by-product. In molten sodium
chloride (NaCl), Na™ ions are free

move about, Under the influence of electric current,
gﬁ‘_f&g—mc;ve' towards the cathode and. CI" ions

i@rfhm@mwoﬂwng . Figure Down’s Cell e
ections occur.
Atanode 2CI" — Cl, (o) +2¢” (oxidation)
/A:cathode 2Na® +2e" ——2Na (reduction)

_Mj)lﬁm_sndiumi&colleclﬁdinto_ajgdhlmﬁqllcctin ring, from where it is periodically
drained. Whereas, chlorine gas in collected into the funnel at te top of the ce]| -
QOther alkali metals can also be obtained by the electrolysis of their fusse salts. For this
}.)Trpose ores are first purified than'electrolyzed‘. S Ll

¢) Manufacture of Sodium Hydroxide from Brme. -

* Electrolysis of brine, a concentrated aqt'lcoussolwyof sodium chloride s used for the

industrial production of sodium hydrox-lde: Electrol mmw
three important industrim@gﬂw%

, - nd sodium hydroxide,
The electrolytic cell called Nelson’s Cell as shown in figure. The solution contains four
\—_—’—

types of lons i.e, Na®, ClI', H", OH ions.
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During ¢lectrolysis chloride ions move rowards anode. At
anode chloride ions are oxidized to pmducc chlorine gas.
Sodium ions move towards cathode. TTowever sodiun .
|0n<.do not W rediice to sodium metal in this process. This_ 1S - taysrol —

Athasion
“because water molecules are more casily reduced | than

— 5
sodium jons. The reduction of Water molccules produce: ':‘(",“’"“

hvdroxide jons and h\dmi_cn gas. Thus the clectrolyte n
l nllowmg NAOM —

solution becomes sodium h\dm\ldc (‘\"1()”)

reactions occur in the electrolytic ¢ cell. ‘ . e ol
" At anode (O\lddll(m) 7(/( ) _—)("12(51) T
./Al cathode (Reduction) 2H,(){,) +2¢ ""”;m*‘ 20H (aq)

INa* +2¢  ——2Na

_~0verall Reaction

2N gy + 2C s 21,0, —> Cly (1) + Hygyy + 201 # 2N,
2Na‘ +20H ——2NaOH

The solution contains Na' and Ol jons. Evaporation ofwater. from this solution produces
rchll\ ely pure solid sodium Hy droxide. H, and C/, are obtained as useful by products,

S

—— -

Q.No.17 : Explain Electrolytic Refining of Copper. ,
Ans: Eleclac «(\ \C l&L(\YuY’\Q O% CB(\?VW .

Purification of copper Al

Electrolytic cell can be used to purify copper. For this purpose, an impure copper is made
the anode and a thin sheet of pure copper is made a cathode. The electrolyte used is
copper sulphate (C CuSOx) solution.
The @py\n‘ks are mostly silver (Ag), gold (Au), platinum (Pt), iron (Fe) and zinc (Zn)
and they setile down as anode mud. Presence of these metals decreases the electncal '
conduclnm ofcopper (Cu).”
Cathode isa v LThmMV pure copper. When the cell is operated at the given
value, the less active metaLs simply fall of the clcctrode and scttle‘ tcffﬁﬁéttom of
container. At cathade. Ciisreduced but Zn "2 and Fe ¢’? remain in the solution.

In this way, 99.5% pure copper is obtained as shown in the followmg figure.

e

Cv v mewdy more easily
vasdized than Cy we

e L
CuS050, wivet, gold und patisun
ot iy )

Following reaction occurs in this process

At Anode, oxidation occurs which mcans loss of electrons

Cum S ?Cuu(m) 2
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Q.No.18 : ) Defip, Cu*?

Ans:

a)

1)
2)
b)
(i)

gain of electrons,

Electy, s |

. lagi () T<€ — Oy

l;)) })vnlsl: tare the cop alttlil:n; f A is its purpoges ! |
uss the Eje i Good .

¢ctroplating?

Ctroplati
Electroplat; " ON spoon and Electroplating .
Plating Plating on steel.

Ing of sjlye
It is the art of g ~
eposit;
E-IP—CMQM.{) ~-10g one Tetal over the surface of
Purpose of Ele°tr0plating acc? of another mwf

he CleCtI‘()p]ati .
Preservation fro : WO purposes,
Decoration
Conditions f —

) or Good .

High current density’ lecFropl_gttlng

(ii) Low lemperature

(iii) High concentra

c)

(i)

te ion of metal ip ;
Toes . al 1n 1ts
Electr;)[)laltmg of Silver on Teaspo:llleCtmlyw'
ro i a1
g}'_anide\%g\(%%m electrolyte used in the solution of potassium argento_ -
cathode. The jons W};i~—————‘§—made ‘e up of pure silver. The article to be plated is made

ch are formed in the electrolytic solution are:

K[Ag(CN)zJ(aq) =Kg +[Ag(CN)z]im) '
©
[Ag(CN), ] oy = A8 +2ON°

When the electric current is passed, silver ions (Ag)e

migrate towards the cathode and deposit after picking up r %“ﬂ
electrons. Cyanide ions (CN)(9 move towards the anode, B i"' '
where they react with silver to form AgCN. It then f

combines with KCN to reproduce the electrolyte, gl pge |
K[Ag(CN):] | il
quzaq) +1e® —>Ag’, (deposited 'at cathode) | | .,,_“e:(., }
Thus silver is deposited on the object (sa!y spoon oran , (___ 4
omament) during the process of electroplatlng of silver. Elulpplnting of silver on spoon

lating on Stee ; ing
Electrop 8 rotected from corrosion by electroplating with zinc, tin and

Steel objects are often p

chromium. .
These electroplating are discussed below on steel.

- .
. tln . . ) . .
Z.mc Plating lis sing zinc metal as anode. A solution of potassium zinc
S1um zir

X ining i i ide. The st tect i
i containing little sodium cyanide. j ¢
cyanice Kol Zn(Cnul o at the anode enters the solution as Zn*? jons, which ase

. e
During the electrolysis Zin
depcsited.al.thc_cmhodﬁ-»»f
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The electrolyte ionizes as follows. .
K,[2n(CN), ]M =2K" ., +[Zn(CN)4] .

‘ = )
K,[Zn(CN)J vy =207 HACN

Following reactions occur at the electrodes:
At anode: (Oxidation) Zn g —— Zn"(m) +2¢”

At cathode: (Reduction) Zn*, +2¢” ——> Zny,

(ii) Tin Plating _ o
Food cans are generally tin plated. Tin plating on steel is done by using tin as anode and a

solution of stannous sulphate, (SnSOy) as electrolyte. Few drops of dil H,SO, are added
in the clectrolyte to prevent its hydrolysis. The clectrolyte ionizes as follows.

. +2 -2
SnSO,,,y = Sn (o) FSO04 )

During the electrolysis following reactions occur.
At anode: (oxidation) Sn gy — Sn"(m) +2¢”

At cathode: (Reduction) Sn* . 2¢” ——>Sn g

(iii) Chromium Plating

Chromium metal does not adhere strongly to the steel
therefore steel is first plated with copper or nickel and then
chromium. For electroplating chromium, chromium metal is
used as anode and chromium sulphate, Cry(SO4); as an
electrolyte. A few drops of dil

H,SO4 are added in the electrolyte to prevent its hydrolysis.
The electrolyte ionizes as follows: e .
Cr, (S.04 )s(.q) = 2Cr*’ ) +380° 24(.,q s
The following electrolytxc reactions will occur at the electrodes.
At anode: (oxidation) Criy =2 Cr ) +3¢” -

At cathode (Reduction) Cr ) +3e- =2 Crg
Chromium plated steel is used to make automobile parts as shown in the figure above.

Q. No.19 a) Why cyanide Ions are toxic in nature?
b) Why we prefer tin plating over iron plating on industrial level?

Ans: : :
a) . Cyanide ions are extremely toxic because sodium cyanide prevents the hydrolysis of the

electrolyte, therefore solution containing cyanide ions must not be dtopped into rivers
‘and streams. This is responsible for killing fish and other animals.

b) Tin plated steel is used to make food cans. Food and beverages industries use lmplﬂfed
steel cans. This is because the components of food beverages and the preservatlves
contain organic acids or their salts. They may form toxic substances by reacting wit
“iron. These acids and salts are corrosive. Tin plating is non-poisonous and prevents

. corrosion,

_—
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Q.No.20 a) What is meant by corrosion?

Ans: b) Describe rusting of iron and corrosion of aluminium metals.

a)- Corrosion

The cating away of metals by environmental gases and water is called corrosion. It is a
Datural Redox Process that oxidizes metals to their oxides and sulphides under
atmospheric conditions, :
b) Rusting of Iron

-4

Rust chemically is hydtated Ferric Oxide which appears on the surface of metal. Oxygen,
h%gmyf& iron to Tust, A region of metal surface that has relatively
le:-_ss moisture, act as anode and Fe oxidizes info Fe'~ in this region as shown below.

€ —‘ﬂ*e(aq)‘z +2e = |

Another region on the surface of metal that has relatively more moisture act as cathode.

_'.I'h*___e electrons released in the oxidation process reduces atmospheric oxygen to hydrogen
ions. T N o

0, +2H,0+4e” ——40H"

The irons‘ions, Fe*? formed at the anodic regions flow to the cathodic regions th{d'ugh the

moisture on the surface. Here Fe™ ion further react with oxygen to form rust,
F6203. XHzO

Corrosion of Aluminium

Corrosion is not limited to iron. Aluminium is extensively used in the construction of
aircraft, ships, cars, coking utensil, window frames, soda cans etc.. Aluminium has much
higher tendency to oxidize than iron. refore, we might expect to see aircrafts, ships,
cars, cooking utensils, soda cans transformed into piles of corroded aluminium. '
However, this does not occur. This is because a tough layer of insoluble aluminium oxide
(Al,03) forms on its surface when metal is exposed to air. This layer firmly adheresto-the
metal and serves to profect the underlying aluminium layers from further corrosion. On
 the other hand, the insoluble layer of rust, Fe;03.xH,0-that forms on the surface of iron is
too porous to protect the underlying metal. This layer flakes away and exposes netal for
further corrosion. '

Q.No.21 " How rusting can be prevented?
Ans: Prevention of Corrosion or Rusting |
Prevention of corrosion is an important way of conserving our natural resourges.
—% TFollowing methods have been devised to protect metals from corrosion:
1) Coating with paint

orrosi al, so that is does not come in contact

ukth ox ! "and other harmful a ents. Raint is cheap and easily appliec pplied.
Paint is_used to protect many everyday stecl objects such as cars, trucks, trains, bikes,

Y

bridges etc. Paint also | provides visual appeai.
2) Alloying - | _

: The tendency of iron to ox1€11ze can be gr.eatly requced by alloying it with other metals.
For example, stainless steel is an alloy of iron, chromiurm and nickel. It is protected from

corrosion by an outer layer of Cr03. ,
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3)

c)

4)

ptel'-7 ! .
; ther metal _ '
Coating with a thin layer of ano ] .
Me?als gthat readily corrode can W%ﬂ
i osion. This ¢ : .
an)leTE?ll‘] ;}:stg resists corr b) Galvanizing wg
Ny
Tinning s dipped in a bath of molten tin, It j5 then

In the process of tin plating, clean i'ron sheet i ;
passed through hot pair of rollers. Tin protects iron

Galvanizing (Coating with Zinc) . , : : _
The processg cff galvagizing consists of dipping a clean iron sheet in a hot zinc chloride

bath and heating. After this sheet is rolled into zinc bath and cooled. |

Electroplating _ . 1 h
In electroplating an electrolytic process is used to deposit one metal on another metal,

Cathodic Protection _ )

Cathodic protection is the process in which the meta _ d_ from
’m is connected to metals such as magnesium or aluminium,
“These melals are-more acfive than ifon; So they act as anode and iron as gathode~The

— s~ 4 M .
more acfive metals themselves oxidize and save iron from corrosion, Cathgchcpﬂei ion
is employed to prevent iron and steel structures pes, tanks_oil rigs efc. 1 the

moist underground and marine environ_mentassh figure.
_— L e sy - RO T v At 1 : !

Rt

ffectively, since, it is very stab]e.

Figure Cathode protection

Society, Technology and Science

Silver is very soft metal. Silver atoms have weak interactions and are loosely packed
together. Silver tarnishes in air when it comes in contact with trace quantities of HyS or
SO; in the atmosphere or food such as eggs, that are rich in sulphur compounds. Silver
tarnish is silver sulphide that gives silver blackish appearance. Due to this reason
decorative and practical objects made of solid silver gradually turn black and lose shining
‘appearance. Decorative and practical object are plated with a thin layer of silver. Atoms
in thin layers firmly adhere to the metal atoms of the object and form a durable layer. An
article thickly plated with silver contains many layers of silver atoms. Such layers form
soft covering. These layers gradually turn black. .
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KEY POINTS)

gain of oxygen atom or loss of hydrogen atom or loss of electrons by a

* Oxidation is the
substance.

* Reduction s the | i
oss of 0 : r gain of electrons by a
substance. Xygen atom or gain of hydrogen atom or g ,

Odeathn state or oxidation number is defined as the number of apparent charges that an

atom will have in a molecule, ‘

The sum qi"oxidation state of all the atoms in a molecule of compound is zero.

- An oxidizing agent is the reactant containing the element that is reduced ir.1 a reaction.
An electrochemical cell in which electrical energy is used to drive a chemical reaction 1S
called an electrolytic cell,

= Oxidation always occurs at the anode.

* Reduction always occurs at cathode.

= An electrochemical cell in which a spontaneous oxidation reaction generates €
called a galvanic or voltaic cell.

= A galvanic cell consists of two half cells which are joined in series.

= Ina galvanic cell oxidation half reaction occurs in anode compartment and reduction half
reaction occurs in the cathode compartment.

= A battery is a galvanic cell or a group of galvanic cells joined in series. .

= On the large scale, sodium metal is produced by the electrolysis of fused sodium chloride.

= Electrolysis of brine is used for the industrial production of sodium hydroxide.

s Corrosion is the process in which a metal reacts with oxygen and moisture in the
atmosphere. _ , .

s Electrolytic process used to deposit one metal on another metal is called electroplatlpg. '

Cathodic protection is the process in which metal that is to be protected from corrosion 1s

made cathode and is connected to metals such as magnesium or aluminium,

lectricity is
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TEXT BOOK EXERCISE

Q.1: Encircle the correct answer. 4
(i) In which of the following changes the nitrogen atom is reduce
a) N2 to NO b) N3 to NO; > to . d) Nz to HNO,
“an example of oxid

(i)  Which of the following changes reaction is
a) Chlorine molecule to chloride ion @Sllver atoms to silver (I)J
d) Iron (III) ion to iron (IT) ion

c) Oxygen molecule to oxide ion : o
(iii)  Which of the following elements in the given reaction is reduced?
ZnO+H, —Zn+H,0

a) Ha b) ZnO (¢)Zn .d)O

(iv) Consider the following reaction:
H,S+Cl, —>2HCIl + S

In this reaction what does H,S behave as? : |
¢) Catalyst d) Electrolyte

a) Reducing agent > b) Oxidizing agent |
v) The oxidation state of Cr in K,Cr;07 is: | . _
a)+12 ' * @/ c)+3 d) Zero

(vi) Which of the following statement is not correct about the galvanic cell?
a) Cations are reduced at cathode
b) Anions are oxidized at anode

c) Electrons flow from cathode L(Lan@

d) Oxidation occurs at anode
Whicli of the following is not true about the Daniel’s cell?

(a) Half cell of an active metal acts as cathoﬂe}

b) Half czll contains an element in contact with its ions in aqueous solution

¢) A salt bridge connects the two half cells
d) A spontaneous oxidation-reduction reaction generates electricity

Which of the following do not involve electrolytic process?

a) Refining of copper
b) Manufacture of sodium from NaCl

c) Electroplating of steel

ml oxide by a reducing agent)

(ix)  Galvanizing is: .
a) Coating with Sn wc@
c¢) Coating with Cr d) Coating with Cu

(x) Which of the following is true for the Nelson Cell?

Wmm% ,
b)_Chloride gas is produced at anode
c)W
d) Sodium ions are not reduced at cathode

(vii)

(viii)
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Q.2: Givethe short ANSwers
(i) What is oxidation State?

Ans:
See Question 4C.
5{25- What is the oxidation number of Cr in chromic acid (H2Cr04)?
21] + Cr 4 4(0) = 0
2(+1) + Cr + 4-2) =0
+2 + Cr- 8 =()
Cr-6 =0
Bl =40
()  Identify reducing agent in the following reaction
CuO+H, — Cu+H,0
Ans: .
Reduction

RAgent ¥~
2 G o +1(2)-2
CuO+H,——Cu+ H ;0
OAgent  A” A
) _ Oxidation
So reducing agent in above reaction is H.

(iv) Write chemical reactions that occur in Nelson’s Cell.
Ans:
See Question 16 (c)
(v)  Why tin plated steel is used to make food cans?
Ans:
See Question 19 (b)
(vi) Explain one example from daily life which involves oxidation-reduction reaction?
Ans:
See Question 3 b (4). J
Q.3: Define oxidation and reduction in terms of loss or gain of oxygen or Hydrogen.
Ans:
See Question 4 (a)
Q.4: Define oxidation and reduction in terms of loss or gain of electrons.
Ans:
See Question 4 (b) . :
Q.5: List the possible uses of electrolytic cell.
Ans: ‘
See Question 12.
Q.6: Sketch a Daniel Cell, labeling the cathode, anode, and the direction of flow of the

clectrons.
Ans:
Sce Question 13 (¢). '
Q.7: Describe how a battery produces electrical energy.
Ans:
See Question 15 (b).

+2
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g its ores.
Q.8: Describe the method of recovering metal from Its
Ans:
See Question 8 (b)
Q.9: Explain electrolytic refining of copper:
Ans:
See Question 17. nd Fe,0, formation on their parent metals anq g,

Q.10: Compare the effects of AL,O, 2

example from daily life.
Ans: - : .
Fe,0s is used in blast furnace method and Al,O; is used in Electrolysis for the extractjon

of Al.metal. Both metals are used in Alloys.
4Al+30, —2A1,0,, 4Fe +30, —> 2Fe;,0; -
Q.11: Explain how food and beverage industries deal with Corrosion:

Ans:
See Question 19 (b). 0
Q.12: Explain how chemistry interacts with photography”

Ans:

See Question 5. )
Q.13: Electrolysis has a major role in electrochemical industries.
a) Sketch an electrolytic cell, label the anode and cathode and indicate the direction of

electron transfer.

Ans:
See Questicii 16 (b).
a) Describe the nature of electrochemical process.
Ans:
See Question 9 (¢). .
c) Distinguish between electrolytic and voltaic cell.

Ans: See Question 9 (b).
State the substances which are oxidized or reduced. Give reason for you answer.

Q.14;
a) N, +3H, —2NH, b) CO, +2Mg——2MgO+C
¢) Mg +H,0—— MgO +H, H,S+Cl,——2HCI+S8
e) 2NH, +3Cu0——3CuO+N, +3H,0
Ans:
Reduction
v v
o o 3 +1(3)
N:+3H.——2N H3;
4 A
Oxidaticn
a)

N3 is Reduced into NHj3 because oxidation No. of N decreases from 0—— -3 while
i

H; is oxidized into NH; because its oxidation No. increases from 0—>+1.
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&

Q.15:

Ans:
a)

Electrochemistry
__Oxidation
‘E:‘C()z) \k j2'.' o
4 =+2Mg-—>2Mg0+$
Reduction

CO; is reduced into C because

While Mg is oxidized into
In MgO. .

oxidation No. of C in CO; decreases from +4——0
MgO because oxidation No. of Mg increases from 0—>+2

\ Reduced j.

o 22 222 o

g[g'*' H,0 —, MgO+H,
)

Oxidized

Mg is oxidized into MgO because oxidation No. of Mg increases from 0——>+2 in
MgO while H;0 reduced into Hj because oxidation No. of H in HyO decreases from

+1——0
H(2)2 *(1)' Reduced IT\L
H,S+Cl,——>2HCI+S
e A

Oxidized
H,S is oxidized into S because oxidation No. of S in HS increases from -2——0 in S
While C/; is reduced into HC/ because its oxidation No. decreases from 0 —— —1in HC/

v  Reduced W

-3+1(3) +2-2 0 0 +1(2)-2
2NH;+3CuO——3Cu I\k+3H20
A
Oxidized

NHj is oxidized into N because oxidation No. of N in NH3 increases from -3—0
In N; while CuO is reduced into Cu because oxidation No. of Cu in Cu0O decreases from
+2——0in Cu,

a) Define oxidation number or oxidation state.
b) Find the oxidation state of nitrogen in the foliowing compounds,
(i) NO: (ii) N2O (iii) N2O;  (iv) HNO;

See Question 4 (¢). . .
oxidation numbers of Nitrogen in
+4-2(2) +)(2)-2 -X2)-2(3) .

(i) NO 1 is +4 (i) N,O is +! (iii) N,O; is+3 (iv) N e g
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Q.16: Find the oxidation state of S in the foliow ”(]ﬁj;‘:';:l::(u):(
(i) H,S (ii) H2S0; e

Ans:

Oxidation state of Sin , 2 )

«1(2)-2 .](;')d ¥ o . TTANE .
(i) H:S,is—z iy H, SO,is +4 (iii) Na; S O 1s +2

Q.17: a) Define oxidizing and reducing agents. . ., : .
b) Identify the oxi%lizing agents and reducing agents in the following reactions,

(i) H,S+Cl, —— 2HCI +S (i) 2FeCl, +Cl, — 2FeCl,
(iii) 2KI1+Cl, —— 2KCl +1, (iv) Mg+ 2HC/ ——>MgC/ +H,

Ans:
a) See Question 7. ) ) 3 :
b) Identification of oxidizing and Reducing Agents in following reactions.
(i) J(")') \[’0 Reduced ‘1/ -
H- é_f_ C/ 2}11_(1:[_{_80 So Ch, oxidizing agent while HyS is reducing agent.
-'-L T .
Oxidized
Reduced
(ii) 21(02) ) 31103) ‘j?cC/g is reducing agent while C/, is oxidizing agent,
2FeC/, +Cl, — 2FeCl,
(. A
Oxidized
Reduced
-] 0 +1-1 0 . .
hi) 2KI+Cls ——2KC/+1 : . g o i
A A Kl is reducing agent while C/; oxidizing agent.
Oxidized
Reduced
(iv) v s
M0g+ Z—IIJC]/ M'g((:'/) M I—olv Mg is reducing agent while HC/ is oxidizing ageni.
; 2 -
4 4
Oxidized
.18:
Q Reduced
N v
I -1 0 [¢]
H, O-+ A’:’:O—_—) 2Ag+ H:O + 0>
) A Oxidized T -
Inn ihis reaction 110> act as r.vdm-ir.g' dgent because oxjdaion No. of O in 1-0- merases
from —1——0 in O, . ‘ |
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i)
: — Reidueed

v .y
:1(3) 2y s el 3 In this reaction. H205 act as oxidizing
n > =-02(4) 12
Oxidized

agent be cidati o |
g cause oxidation No. of 0 in H,0, decreases from —| —-—-21n H0

SELF ASSESSMENTS

LF ASSSSMENT EXERCISE 7.1
Identify elements undergoing oxidation and reduction in the following reactions.

SE

1) Ny +3H, — 2NH, '2) 2H, +0, —>2H,0
3) Fe,0,+3C0——2Fe+3C0, 4) 4A1+30, — 2AlL0;
Solution o

1) Nitrogen undergo reduction afier gaining Hydrogen and ivrms NHj (Ammonia)

2) Hydrogen undergo oxidation after zaining oxygen and fores [0 o1 oxygen undergo
reduction after gaining Hydrogen and forms ll:t()h.

3) Fea0y undergo reduction after losing oxygen and forms Iron metal or CO undergo
oxidation after gaining oxygen and form CO-.

4) Al undergo oxidation after gaining oxygen and forms Al;Os.

SELF ASSESSMENT EXERCISE 7.2
In the following reactions, identify which clement is oxidized and which element is

reduced.
i) Mg +S——MgS i) 4Na+0, —>2Na,0
i) 2A/ +3Cl, — 2AICI, iv) Mg+ H, — MgH,
Solution
(i) Mg° +S*°——Mg"S~
So Mg? is oxidized into Mg™ in MgS (oxidation no increases)
While S° is reduced into S in MgS (oxidation no decreasces)

_ . +i(2)
(i) 4Na“ +0°, — 2 Na> O
Na® is oxidized into Na''in N0 (oxidation fo mereases)
While 0°, is reduced mnto O~ in Na,O (oxidation no decreascs)
41 -103)

(iii) 2A/° +3C1°, —2A1 Cls .
AP is oxidized into Al in AICl; " {esidaiion netnorased
While Cla is reduced into Cr'in AICh (oxidation no decreases)
(iv) Mg° +H%, — Mg H,

-

- in MgH> (oxidation no increasc .

1(2)

Mg® 1s oxidized into Mg = in MgER ik
\\’Lilc 1O, is reduced into H' in MgHs {oxidation no decrease
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SELF ASSESSMENT EXERCISE 7.3884s

What is acid rains. How it is formed? ] Cr A
One major problem of air pollution is the formation of acid rain. Air pollutants such 4

SO, and NO, combine with oxygen and water va!pours 11_1 the air tf) foryn_HZSO4 and .~ .
HNOs. These acids fall to the ground with the rain, making the rain acidic. Clouds ¢y

also absorb the acids and carry them hundreds of kilometer away from where the |
pollutants are released. Determine the oxidation number of N in NO, and HNO;, S in S0,

and H,SO;.

Solution. , .
Acid rains is formed by the following chemical reactions.

N, +0,——2NO
2NO +0, —2NO,
2NO, +%OZ +H,0 — 2HNO,,
thus or 4NO, + 0, +2H,0 —— 4HNO, acid fall in the form of rain called Acid Rain
Similarly
+ §+0,— S0,
250, + 0, —2S0,

SO, + H,0——H,S0,
So acid formed fall in the form of rain so called Acid Rain.

Determination of Oxidation Number
O.NofNinNO; is
O.NofN+2(0) =0
O.NofN+2(2) =0

O.NofN-4 =0
O. NolN = +4
In 1INO;
H+N+3(0)=0

+1 +N+3(-2) =0

+1+N-=06 =

N-5 =
N =+5

0. N of S in SO, 0.Nof S in H,S0,
S+ 2i{0) =10 2ZH+S+4(0)=0
$+2(-2)=0 2(H1) + S +4(2)=0
S-4=0 +2+8-8=0

S='+4 S—.6=0
. S=+6
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SICII" z\SI‘ISSM ENT EXERCISE 7 4 4 ak
) lf:; th'Ch cell d'ischarges electricity because of an oxidation-reduction reaction that takes
Place between zjp ¢ and manganese dioxide.
o Oxidized
g v
5 -0 -24(2)  -3(2) 203)
Zn+2Mn0, + H,0—-Zn(OH), 41}411203 |
M 2

Identify the oxidizing Reduced

e

itself oxid: 2ng 2id reducing agent in this reaction. Zn act as Reducing Agent as
2) Ide t-(;-XIdI?eq ?Whlle MnO,; act as vxidizing agent as itself being reduced.
‘ Nty oxidizing and reducing agents in the following reactions:
¥ 42) -1(2) |
a) 28+Cl,—, S,Cl, Sis Reducing Agent and Ci, is oxidizing Agent.

b) 2Na+T %
) 2Na+Br, — 2NaBr Na i Reducing Agent and Br; is oxidizing Agent.
o o )2
' c) H,+§ —>H,S H, is Reducing Agent and S is oxidizing Agent.
SLEL ASSESSMENTIEXERGISE 7.5

1) Sketch an electrolysis cell for the electrolysis of fused KCI
Solution '

e R Corvan
ce
B
v i TN ] . Tl vl

I K.—-, 1 Fa<y
\ '
}‘.. q—gr ‘_CP ‘._'l‘I

: —

3

Fig. Migration of lons in electrolytic cell
During the electrolysis of moltgn K.C\

During the electrolysis of molten KC/

2) Electrolytic cell shown in figure below is used for the electrolysis of fused sodium

chloride. Indicate the direction of flow of electrons. Identify anode an cathode.

Baliery
M

. Anode (Oxidation tkex pluce)
Calhooe -y
(Reducoon tkes plyey ) . .
~ Eleciolytie cell for the clectrolysis of fused NaC)
The direction of flow of electrons will be from Anode to cathode
SULICASSESSMENT EXERCISE 7.5(A)
Sketch a voltaic cell labeling the cathode,
electrons. Use the following chemicals:

Silver, Zine, Silver Nitrate (AgNO;) and zinc sulphate (ZnSQy)

the anode and the direction of flow of

(Hint: Zn is more active than Ag)
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SELF ASSESSMENT EXERCISE 7.6
Identify the halt-ccli m which oxidation 0
occurs in the following voltaic cell according to't
Following reactions occur . the cell.

eon - T L as place
At Anode n(s)—7n",,, +2¢ oxidation ta%zs p

AtCathode  H, +2¢°—2H

THINK TANK

lectroplate copper onto an iron nail. Make a
1d be arranged.

ccurs and the Ealfccll in which reduction
he following figure.

Reduction takes place

(2.1:  What materials do you nced to e
diagram showing how thesc materials shou

Ans:

Apparatus for electroplating copper. Copper dissolves at the anode where it is oxidized to

¢ . 6 . +2 .
Cu™. Copper is deposited on the cathode (the nail) where Cu "~ 1s reduced.
Electron (o m—p——2——"—"

- yoltmeter
Anode salf'budgg - . ‘

H H “osos - - o .
foxjdution 7 / _ 'T;'_"-" (-llh\\.’L
fakes place) € 1 ; A2 Reduclion

- : oenf o Ry . lukes place
+ | ;
M i ;
+ . l ; -
4+ In ' I Ag 1= | |
N0 « N T

Q.2: Describe the process that is occurring in the following illustration. Shoe has steel

strips.

rdi ey

e PR

(Coppet
ard ' o e B, ‘ careie
2 - o bl 1 |

= ;
l" ]
. (uxm
5 ' ) [
o
oy >
T eSO, o
Volaic cell

Ans:
The above sketch indicated the electroplating of copper over shoe steel strips. In this

experiment, copper bar act as anode releases two electrons (oxidation takes place) while
shoc strip connected with cathode where reduction takes place i.e., pickup electron. As 2
whole, Redox Reaction is carried out as shown in the following reactions.
At Anode, oxidation takes place which means loss of electrons.

Cu=-2¢" ——Cuy*?

At Cathode, reduction takes place which means gain of electrons.
Cu”2¢” —Cuy,
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Q.3:  Following redox reget: -
acti : ; e .
vy 0D occurs in the voltaic cell illustrated below.

NlQ- 2 +) .
(aq) + rc(s) ) Fe .(nq\ + Nl‘\')

Electron flow

Souree ot
direct current

Cathode &) Anode® |

2 i o ol I Darof Cappey
wunt R\ L o
s\ '
AN -L
! 0]
2:.Pé*ﬂltd W‘Iﬁt w\ C&b #7dissolves (rom
¢ R o) elecrode
Apparatus lor eleclorplatmg cupbcr copper dissolves

al the anode where it s onidiead 10 Cu s depasited
on the cathode tihe nail) where Co * s redueed

Identify that anode, cathode and indicate the direction of flow of electrons

Ans:
Reduced
v v
Ni* . +Fe ,——Fe”  +Ni.
(aq) A (s) A (aq) ()
Oxidized

In the given Redox Reaction.

42 . . v 10 @ '
Ni™* is reduces to Ni so act as oxidizing agent and the electrode of Ni*? act as cathode

i ! g . 9 .
while Fe is oxidizes into Fe' so act as reducing agent and the electrode of Fe act as
Anode. The reactions carried out as shown below.

At Anode (oxidation) loss of electrons

~ - ” +2
ch—Zc — e ol

At Cathode (reduction) gain of electrons.
Ni’z(m) +2¢" — Ni,

: Hence the direction of flow of electrons will be from Anode to cathode.
1 Q.4: Design an experiment to demonstrate cathodic protection from corrosion,

The process in which a thin layer of tin is coated on metal (Iron) sheet to stop corrosion is
called Tin Plating. It is called Coating Iron with Tin or Cathode Coating. It is done by
dipping a clean sheet of iron in molten hot tin e.g.. Tin cans, oil container are coated by
Tin. Tin itself is very stable and protects other metals from corrosion. If tin coating is
damaged, then corrosion o' Iron takes, place more rapidly and Galvanic Cell is formed in
which tin acts as cathode and Iron act as anode. Thus Iron flows from iron to Tin.
Therefore H . OH" and Fe* ion are produced in solution. Hence Fe is eaten away in the
form of Fe (OH); rapidly. . )

For experimentation explanation See Question 18 (c) i,
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