Chemistry

CHAPTER # 12
ELECTROCHEMISTRY
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Q1. Define electrochemistry.
Ans: Electrochemistry:
Electrochemistry is the branch of chemistry, which deals wvath inter- conversion of

electncal energy and chemical energy.

Q2. Explain redox reaction.

Ans: Redox reaction:

Those reactions in which gain or loss of electrons occur are called redox reactions. In
other words oxidation-reduction reactions are called redox reactions.

Explanation:

Redox reachion mvolves transfer of electrons from one substance to another It deals

with efficient sources of energy such as bottenes, fuel cells efc.

Q3. What do you know about electrochemical processes?

Electrochemical processes:

Electrochemical processes are redox (oxidation-reduction) reactions in which
the energy released by a spontaneous reaction 1s converted to electncity or

in which electrical energy is used to cause a non-spontaneous reaction occur,

Q4. Explain oxidation-reduction reaction with the help of example.

Ans: Oxidation-Reduction reaction:

Oxidation:

"A recction in which a substance loses electrons is called oxidation.
Reduction:

While the reaction in which a substance gains electrons is called reduction.

Redox reaction:
Oxidation - reduchon reactions are also known s redox reactions.

Explanation:
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When ¢ piece of Zinc metal is dipped in an aqueous solution of CuS0O,. It is observed

that o dark brown lgyer of copper begins to form at Zinc surface. At the same time the

solution loses its blue colour, If we analyses this solution, we find that Zn™" ions are
present in solution, The change can be descnbed by the following chemical equation.

In  +Cu i —>Zn" +Cu,,,

This reaction can be descnbed in terms of two half reactions.

Zn,,, —»Zn"(aq)+2e

Cu™ o, t2¢ =Cu,

In this reaction Zinc metal loses two electrons and changes into Zn'* ions

while Cu**ions gain two electrons and give copper metal. The two processes taking
place simultaneously are called oxidation - reduchion reactions.

Nofte:

In the redox "cactic element undergoing oxidation or reduction undergo a charge in
the Oxidation number.

Q5. Define oxidation number and also write the rules through which oxidation number
can be assigned.

Ans: Oxidation Number:

The Oxidation number, oxidation stare is defined as the apparent change. positive or
negative which an element would hcve in a compound.

Rules:

(1) The oxidation state of a free element is always zero e.g. oxidation state of Zn. Na, H In
H2.35 1N 38 elc 15 zero

(i) In smple ions. oxidation state is same as their charge e.g.. oxidation state of Na in
Na''and Cain Ca™” are +1 and +2respectively

() In a complex ion the total sum of oxidation states of atoms iIs equal to the charge on

their ion e.g in CO;" the sum of oxidation states of C and 30 atoms is -2, Similary, in
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NH" the sum of oxidation states of N and 4H atoms is +1.

(iv) The oxidation number of each of the atoms In G molecule or compound counts
seporately and their algebraic sum is zero e.qg. In HCI. the sum of oxidation states of H

and Cl gtoms is zero. Similarly in CO,, the sum of oxidation states of one C and 2 oxygen

atoms Is zero.

(v) The more electronegative element has the negative oxidation number.

R S

+1 (except in metal hydrides where it is

-1)

Example 12.1:
Calcvulate the Oxidation number of Mn in KAMnO,

Solution: Oxidation number ...K = +]

Oxidation number of O =-2

Oxidation number of Mn = x

In compounds, the clgebraic sum of the oxidation numbers of all the atoms is zero
K Mn O,
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+]1+ x + (-2)4 =0
+4l+ x+ -8 =0

X + -7 =0

X + +/

Example 12.2:

Calcvulate the oxidation number of Cris K.(7r,0,

Solution:
A, Cr, 0,

(+1)2 + (x)2 + (-2) 7
+2 + 2x + 14 =0

+ 2x 4+ -12 =0
2x =12
Xx=12/2=6

Thus oxidation number of K,Cr,0.is +6

Example 12.3:
What is the oxidation state of S in SO, ion.

Solution:

In SO,° ion oxidation state of O is -2. If x is the oxidation state of S then,

X+ 4(-2) = -2
X- 8 =-2
X = 6

SELF-CHECK EXERCISE 12.1
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Identify the compound in which oxidation number of Fe is +3

FeO, Fe0O,, Fe,0,

Solution:

FeO:

Oxidation number of O = -
oxidation number of Fe = x
x+(-2) =0

X= +2

Fe,0,:

Oxidation number of O = -2
oxidation number of Fe, = 3x
3x + 4(-2) =0

3x-8=0

Fe, 0,

Oxidation number of O = -

oxidation number of Fe,= 2x

2x + 3(-2) =0
2xX-6=0

X=+3

Qé. How oxidation-reduction can be explain in terms of change in oxidation number?

Ans: oxidation-reduction in terms of change in oxidation number:

We can also define oxidation and reduction in terms of change in oxidation number.

www.topstudyworld.com

Chemistry



www.topstudyworld.com

Oxidation is increase in oxidation number (a loss of electrons)
Reduction is g decrease in oxidation number (a gain of electrons)
Explanation:

Consider the following reaction

...2NaCl(s)

.atoms involved in this recchtion and write it...

2 0 +1-1
2Na(s) + cl.(g)—> 2NaCl (s)

Notice that the oxidotion number of Na is zero because it is in the elemental form In this

reaction Na undergoes a change in oxidation number from zero in Na to +1 in NaCl
Thus this change can be accounted for by a loss of one electron per Na atom. This is

oxidation

O +]

2Na(s) — 2Na+2e
On the other hand each Cl ctom in C/, molecule changes is oxidation number from
zero inCl, to -1 in NaCl. In this change gain of one electron per Cl atom occurs. This is
reduction.

0

ClL(g)+2e—- 201"

Conclusion:

Thus we can also define oxidation and reduction in terms of change in oxidation
number.

Oxidation 1s an increase in oxidation number (a loss of electrons)

Reduction is a decrease in oxidation number (a gain of electrons)

Example 12.4:

Identify the elements undergoing oxidation or reduction in terms of change in oxidation

www.topstudyworld.com

Chemistry



www.topstudyworld.com Chemistry

number in the following reactions which takes place in the combustion of natural gas.
CH,(g) + 20,(g)— CO.(g)+*2H,0(])

Solution: Assign oxidation number to all the atoms involved in this reaction

4+ 4 0 ias aissss
CH,(g) + 20.(g) - CO.(2)2H.0()

The C changes as oxidation number from -4 in CH, to +4 in CO,(g) ,This is 8 electrons

l0ss. This means C undergoes an increase in oxidation number. On the other hand, C

chonges its oxidation number from zero in 0,to -2 in H,0.CO, . Each oxygen atom gains

two electrons and therefore it is reduced.
We can say that.
1. C 1s oxidized because there has been an incregse in its oxigation number

n, O 1s reduced because there has been g decrease in ifs oxidation number

Example 12.5:

Identify the substance oxidized and the substance reduced in the dry cell.

Solution: Following reaction can take place in dry cell
Al Anode.
Zn— 7n’" +2e

At Cothode, 2NVH,;” + 2MnO, +2¢” = Mn,O,+2NH +2H.,0

Anode reaction indicates that Zn metal lose 2 electrons therefore it undergoes
oxidation. For determining the substance reduced assign oxidation number to all the

atoms involved in the reacton that occurs at cathode
In this reaction ...

This means that each...
Thus the substance reguced iIs Mn
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SELF-CHECK EXERCISE 12.2

Use the oxidation number change method to identify the atoms undergoing oxidation
or reduction in the following redox reactions.
N.(g)+3H . (g)—>2NH (g)

dFe(s)+30.(g) = 2Fe,0,(s)

C.H,,0,(5)+60,(g) - 6C0O.(g)+6H,0()

Solution: N.(g)+3H.(g) > 2NH (g)

Assigning oxidation number:

0 0 -3+3(1)

N.(g)+3H,(g) > 2NH (g)

N, changes its oxidation number from 0 to -3 in NH, Thisis due to gain of 3 electrons.

Thus it 1s reducthon.

H,changes its oxidation number from O to +1 in NH,.This is due to loss of one electron.

Thus it I1s oxidation,
4Fe(s)+30.(g) > 2Fe. O, (5)

Assigning oxidation number:
0 O 2(+3) 3(-2)
4Fe(s) + 30.(g) - 2Fe.0O\(s)

The Fe alom changes its oxidation number from zero to +3 In Fe,0,. It 1s because of the

loss of 3 electrons So this is oxidation

The O actom changes its oxidation number from zero to -2 in Fe,0, It is because of the

gain of 2 Thus it iIs reduction
C.H,,0,(5)+60.(g) > 6C0O.(g)+6H,0()

Assigning oxidation number:
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012(+1) 6(-2) 0 ...2(-2) 2(-1)-2
C,H,.0,(5)+60.(g) > 6CO.(g)+6H,0()

Chemistry

The C atom changes its oxidation number from 0 to +4 in CO,. It is because of the loss of

4 electrons. Thus this 1s oxidahon.

The O atom changes its oxidation number from 0 to -2 in CO,, and H,0.1tis

because of the gain of 2 electrons. Hence it is reduchion

Q7. How can we balance redox equations by oxidation number change

method?

Ans: Balancing Redox Equations by Oxidation Number Change Method:

It Is based on the principle that in any redox reaction, the total number of electrons lost

by one element must be equal to the total number of electrons ganed by another
element. This method can be understood by the following example.

Example:
Balance the following equation by oxidation number method.
P+ HNO, + 11,0 > H,PO, + NO

Stepl: Assign oxidation number to all the atoms involved in the equation
O+1+5(-2)3(+1)2-231+1) +5(-2)42 2
P+ HNO, + H.O—> H PO, + NO

Step 2: Identify the elements undergoing a change in oxidation number.
The P goes from zero 1o +5 oxidation state in H,P0O, .This is a 5 electron charge. N in

HNO, goes from 45 to +2 oxidation state in NO. This is 3 electron change.

Step3: Draw a bridge between the same atoms whose oxidation number have
changed, Indicate this change by the number of electrons gained or lost by each

element.

www.topstudyworld.com



www.topstudyworld.com

+3¢

3

0 - & -5 -2

P + HNO, — [|I.PO, + NO

|

-5¢

Step 4: Equalize the number of electrons lost and gained by multiplying the two
numbers, by a small whole number which produces a common number, Use these
multipliers as coefficients of the respective substance.
To balance a 3e gain against a Se loss, we need to mulhiply 3e gain by 5 and

Se loss by 3. This will equalize the number of electrons gained and lost.

+3¢x §5=+15¢0

3

U -3

-5 -2
. P i HNO‘ ——— H;POJ T NO
- %

Sl ifakas 'Sc: X 3= :'l__SC_

Multiply the coefficients of P and that of H,PO,, by 3. Whereas multiply

coefficients of HNO, and NO by 5
3P +5HNO, + H.O - 3H,PO, + SNO
Now the coefficient of P+ H PO, and NO should not be changed hereafter it

Step S: Balance the rest of the equation by inspection method. Balonce the atoms

other thon oxygen and hydrogen first. then oxygen ctoms and finclly hydrogen atoms.

To balance oxygen actoms multiply coefficient of H.0 by 2

3P +SHNO, + H,0 — 3H,PO, + SNO

Inspect the equaction, it is balanced.

SELF-CHECK EXERCISE 12.3
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Using the oxidation number method balance the following equation.

HNO, + H.S 5> NO+S + H.,0

Solution:

Step 1: Assign oxidation number to all the atoms involved in the equation.

+1 -5 3(-2) 21-1)-2 +2-20 2(-1)-2

HNO, + H.S >NO+S+ H.0

Step 2: Identify the elements undergoing a change in oxidation number N atom
changes its oxxdation state from +5 to +2 in NO. It 1s because of 3 electron change

The S atom changes its oxidation state from 2 to zero In S It is because of the 2 electron

change.

Step3: Draw a bridge between the same atoms undergoing a change in oxidation

state. Indicate this change by the number of electrons ganed or lost by each element.

-2¢€ (loss of 2e": Oxidation)

R

+1 +53-2) 2(+1)-2 “2-2 0 2-1)-2
HNO, + H;S —» NO + § + H;0

. s

+ 3Je (gain of Je : Reduction
Step 4: Balance the loss and gain of electrons by multiplying with small suitable whole
numbers. Use these multipliers as coetficient for respective substances.
To balance 3e goin cgainst 2e loss mulliply 3e gain by 2 and 2e 10ss by 3. This will

equalize the number of electron gained and lost

-20° X | 3| =-6e€°
1 +53(-2) 2(+1) -2 +2-2 C 2(~1)-2

HNO, + HS —» NO + § + H;0

-

+3e X [:Z__,' =+ b€
Multiply the coefficients of H.S and that of S by 3 Whereas multiply coefficients of HNO,
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and NO by 2
2HNO, +3H .S - 2NO +3S + H.O

These coetficients should not be changed after this

Step S: Balance the rest of the equation by Inspection method. Balance the
atoms other than oxygen and hydrogen first, then oxygen atoms and

finally hydrogen atoms.

To balance oxygen atoms multiply coefficient of H.0 by 4

2HNO, +3H,5 - 2NO+35+4H.,0

This is the bolanced equation

Q8. How a redox reaction can be separated into two halves explain your answer with

the help of example.
Ans: Brecking a Redox Reachon into Oxidation and Reducthion

Reactions:

A redox reaction in aqueous reaction can be separated into two half-reactions. One,
half reaction represents oxidation and the other represents reduction

A half-reaction i1s the part of an overall redox reaction that represents separately, either
an oxidation or a reduction.

Explanation:
Consider the following reaction which is used to analyze iron ore for its ron content

.!‘rf"()‘ l + Fe': _.“L)!.‘e’-‘ + .,"!"vl

Step1: Write oxidotion number of all the ctoms involved in this reaction,

§~=)®
[Mn O i)'+ Fe'" —=<5 Fe" + Mn"

Step 2: Identify and wnite equation for the half-reactions.

Notice that the Mn goes from +7 oxidation state in Mn0O,” to +2. The reduction

half-reaction must involve species containing Mn

MnO,” ——Mn™* (Reduction half-reaction)
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Iron goes from+2 to +3 oxidation state. The oxidation half-reaction must

nvolve Fe” and Fe"

Fe'* —— Fe*’ (Oxidation half-reaction)

Example 12.7:

Split the following reaction into half-reactions.

SO. + MnO,”" ——S0,” + Mn™

Solution:

gecrease 1n OM0110N NuMmber (reduction)

8 1202 -2 [ sl

SO, +|MnO.| —— |80, | +Mn?
| J

l . ] < 4

INCrease wn DACALON NUMBer (0a0daton)

- 57

Reduction half reaction: MnO,”" ——Mn™*

Oxidation half reaction: SO, —— SO, *

SELF-CHECK EXERCISE 12.4

Split the following reactions into two half reactions:

(i) Mn™ +PbO. —> MnO,"' +Pb**
(i) Br,+S0.——S0, +8r”

(i) NO+ MnO, —— NO, + MnO.

Solution:
(1) Mn™ + PbO, > MnO,”" + Pb~
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Decrease in oxidanion number (Reduction)

'8 2(-2) [,7 8:-2) }I

*2 +2
Mn + PbO, - | MnO, + Pb
R,

Increase in oxidation number (Oxidation)

Reduction half reaction:
PbO, - Pb™
Oxidation half reaction:

Mn™= - MnO,’
(i) Br,+S0O.—— S0, +Br"
Solution:

Decrease in oxidation number (Reduction)

0 +4 20-2) +b6 4(-2) 2 -1
Bl’z + S O: — S O_; = G Br
I —.

Increase ‘n oxidation number (Oxidation)

Reduction half reaction:

Br.—— Br~

Oxidation half reaction:

SO, —— 50,

() NO+ MnQO, I-————-}.\’(): ' 4 MnO,

Solution:
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Decrease in oxidation number (Keduction)

2 -2 +7 &(-2) Tl +5 3-2) )-} +8 2(-2)
NO + Mn O, - | NO, + MnO,
| , v .

Increase in oxidation number {Oxidatiun)

Reduction half reaction:

MnO,” —— MnO.

Oxidation half reaction:

NO—— NO,™

Self-Check Exercise 12.4

Split the following reactions into two half reactions:
(i) Mn*?+Pb0, - MnO;'+ Pb*?
(i) Br,+S0, -50,%+Br!

(i) NO+MnO,”' -NO,'+Mno,

Solution:

(i) Mn*2+Pb0, = Mn0,"+ Pb*?

Decrease in oxidantion number (Keduction)

2 v4 2(-2) «7 &-2) }) +2
Mn +PbO, - | Mn O, + Pb
| I

Increase in oxidation number (Oxidation)

-

Reduction half reaction:

PbO, — Pb*?

Oxidation half reaction:
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-

Mn*? = Mno;*
() Br,+50, —50,°+Br!
Solution:

Decrease in oxidation number (Reduction)

0 4 2(-2) +6 3(-2) V2 -1
Brz T S O: = S O.; + Br
[I—

Increase 'n oxidation number (Oxidation)

Reduction half reaction:
Br, = Br~*
Oxidation half reaction:
S0, = 50,3
(i) NO+Mno,* -NO,'+Mno,

Solution:
Decrease in ondation number (KReduction)

TN

¢l 2 o7 4-2) } vd 32 |-} 4 21.2)
NO + |MnO,| = |NO, + MnO,

[I——— .

Increase m oxxdation »umber {Oxidativn)

Reduction half reaction:
Mn0O, "t - MnoO,
Oxidation half reaction:

NO = -‘\!’03 ~3
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Q.9How can we balance are dox reaction with the help of half reaction method?

Ans: Half Reaction Method to Balance a Redox Reaction:

A powerful technique for baloncing redox reactions involves dividing these reactions

into separate oxidation and reduction half reactions.

We then balance the half-reaction, one at a time. And combine them so that
electrons are neither created nor destroyed in the reaction.

The steps involved in this method can be understood by considenng the following
reactions used to determine the amount of the tri-iodide ion (/37 ) in a solution by

htration.
I,- + 5,05° =1~ +5.,0;°
Stepl: Break the reaction into oxidation and reduction half-reactions.

InCrease N Ondation number (Oadation)

= M
1343.1 [' t?J L?Dl >
N =20
L M AAd -
] —_— S, O,

M. |

gecrease i Ondatwon number [reduction)

Reduction half-reaction: 7; —» I
Oxidation half-reaction: 5,032 > 5,052

Step2: Balance these half-reactions one at a time. It doesn’t matter which haglf-reaction
we balance first. Balance each half reaction in terms of both charge and mass. Let us

start with the reduction half reaction.
I, =1

There are 3 | atoms on the left side and one on the nght side. So we will multiply co-
efficient of | by 3. This will balance | atoms on both sides.
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I = 31°

Now balonces charges. The nght side has 3 mono negative charges corresponding to -

3 charges. But the left side has only one uni-negative charge (-1). Thus left side needs
2e”

I+ 2e” =3I
Now balcnce oxidation half reaction.

$;07° = 5,057
To balance S atoms on both the sides, multiply co-efficient of S,05° by 2. This will also
balonce O atomes.

25,0;% = 5.0.°

Now balcnce charges. The left side has two di negative charges comresponding to
2 X (—=2) = —4.The right side has -2 charges. Thus the right side needs 2e ",

25,055 2 S,0;° 427 i, (2)

Notice that both the half reactions aore balanced in terms of both mass and charge.

Step3: Combine these half recctions so that electrons are neither created nor
destroyed. Reduction half reaction uses up 2¢  and oxidction half reaction produces
2¢ ,we can therefore obtain a balanced equation by simply adding equation (1) and
equation (2)

I3 + 2e - 3

25,05° - S5,0;°+2e”

I, + 2e 4 25,05° = 3174+ 5,0.° + 2e
Stepd: Cancel Duplication of Species on both the sides.

Duplications are 2e strike these out from both the sides.
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I, +25,05* = 31+5,0.°

Check. the overall reaction is balanced in terms of both charge and mass.

Self-Check Exercise 12.5

Use the half reaction method to balance the following redox reactions.

(i) CO + Cr*? = C0*2 + Cr*?
(i) Au**+H,—-H'+ Au
(iiil) Cl,+I" —=I,+Cl”

Solution: (i) CO0 +Cr*® = C0** +Cr*?

Step1: Break the reaction into oxidation and reduction half reachons.

Decrease in oxidation number (Keduction)

0 = | 3 +2

CO + CT -9 Co + Cf

I |

Increase in oxadanon number (Oxidation)

Reduction half-reaction:
Cr*? = Cr*?
Oxidation half-reaction:

Co — Co™?

Step 2: Balance these half-reactions one at a time. It doesn’'t matter which half-reaction
balonce frst. Balance ecch holf reaction in terms of both charge and mass.

First consider the reduction half-reaction.

Cr+3 __.Cr+:
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Balances charge:

The left side has one tri-positive charge comresponding to +3. The right side has

one di-positive charge corresponding to 42 Thus, left side needs 1le

Cr P #8™ SCF'™ issssssssassssd (i)

Oxidation half-reaction:
Co = Co**?
Balances charge:

Left side has no charge. Right side has one di-positive charge correspond +2 Thus
the R.H.S. needs 2¢ to balance di-positive charge.

Co—=Cot 4287 (i)

Both the half recctions are now balanced.

Step 3: Combine these half reactions so that electrons are neither created nor
destroyed.

The reduction half-reaction uses up 1€ while the oxidation half-reaction produces 2e

we can obtcoin balanced equation by multiply Eqg (i) by 2 and then add it to Eqg (n).

2Cr*® 4+ 2¢- - 2Cr**

Co - Co*t? + 2~

Co+2Cr*? +2¢e2Co** +2Cr** 4 2¢-

Step 4: Cancel Duplication of Species on both the sides.
Duplications are 2e  Strike these out from both the sides.
Co+2Cr*® = Co™ + 2¢r™*
Check the overall reaction is balanced in terms of both charge and mass.

(i) Au® +H,-> H'+ Au
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Step 1: Break the reaction into oxidation and reduction half recctions.

Decrease in oxidanon number (Reduction)

R

+3 0 +1 0
Au + H, . H + Au

I

Increase in oxidation number (Oxidation)

Reduction half-reaction: Au*?® = Au

Oxidation half-reaction: H, - H"

-

Step 2: Balance these half-reactions one at ¢ time. It doesn’'t matter which half-reaction

balance fust. Balance each half reaction in terms of both charge and mass.
Reduction half-reaction:
Au*® = Au
Balance Mass: Mass is already balanced.
Balances Charge:

The left side has one tn-positive charge comresponding to +3. The right side has no

charge. Thus left side needs 3e .

Au®® 4+ 3e” - Au (i)

Oxidation half reaction:
H, = H*

Balance Mass: There are two hydrogen atoms on the left side and one on the right

side so we will multiply 2 by H™*,
H, = 2H*

Balance charge:

www.topstudyworld.com



www.topstudyworld.com Chemistry

Left side has no charge. Right side has two mono-positive charges comrespond to

+2 Thus the right side needs 2e
Hy = 2H™ +2e~ (ii)

Step 3: Combine these half reactions so that electrons are neither created nor

destroyed.

Reduction haolf-reaction uses up 3¢~ and oxidation half-reaction produces 2~
we can therefore obtain a balance equation by multiply Eq (i) by (i). Eg (1) by (i) and
then add the resulting equations.

2Au®’? + 6e- - 2Au

3H, - 6H™ + 6e

24u™ +3H, +6e” = 6H ' +24u + 6e”
Step 4: Cancel Duplication of Species on both the sides.
Duplications are 6e~ Strike these out from both the sides.
24u*® + 3H, 5 6H*! + 24u
(W cL+r'*-1,+cl
Step 1: Split the reaction into oxidation and reduction half-reactions.

Decrease in oxadanion number |(Keduction)

0 - 0 -1
Cl, + l o T 61
|, |

Increase 1in omdation number |Oxlidotion)

Reduction half-reaction:

Cl, - Cl™?

Oxidation half-reaction:
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™1 = |,

Step 2: Balance these half-reactions one ot a time. It doesn’'t matter which haolf-
reaction we balance frst. Balance each half reaction in terms of both charge and

mass.
Reduction half-reaction:

cl, - ci~*

Balance Mass: There are two Cl atom on the left side and one on the right side so
we will multiply CI™* by 2.

CI: -y ZCI_1
Balances Charge:

Left side has no charge. Right side has two uni-negative charges correspond to -2. Thus

left side needs 2¢e .

-----------------------------------

Oxidation half-reaction:

7% > |,

Balance Mass: There are 2 atoms of Ion the right side and one on the left side so

multiply I™* by 2.
217t = I,
Balance Charge:

Left side has two uni-negative charges comespond to -2, Right side has no charge. Thus

right side needs 2¢ .

217 S Iy 4 287 e (i)

Step 3: Combine these half reactions so that electrons are neither created nor
destroyed.
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Reduction half-reaction uses up 2e and oxidation half-reaction produces 2e we

can obtain a balance equaction by simply adding EqQ (i) and EQ ().

Cl, + 2 = 20

2= - I, + 2e

Cl,+2I"'+2e" =1, 4+ 2CI™" 4 2¢-
Step 4: Cancel Duplication of Species on both the sides.
Duplications are 6e ., Strike these out from both the sides.
Cl,+ 207 > 1, +2C1™}
Half reaction method to balance a Redox reaction in acid solution:

We can understand this method by the following example.

Example 12.8:
Balance the following equation by half reaction method.

Cr,0."* + H,50, = Cr*® + HSO,
Solution:
Step1: Split the reaction into two half reactions.
Reduction half reaction:

C, 05 =2 Cr™
Oxidation half reaction:

H,50, = HSO,

Step2: Balance each half reaction. First consider reduction half reaction. Two Cr atoms

on the left require 2 before Cr*°
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C, 07% = 2Cr*
There are seven O atoms on the left and none on the right. So we will add 7H,0 on the
nght side.

C, 077 = 2Cr*® +7H,0
There are 14 H atoms on the right and none on the left, so we will add 14 H* on the left
side.

C, 0%+ 14H™ = 2Cr** + 7H,0
Now balonce charges. The left side has one di-negctive and 14 mono-positive,
corresponding to

-2+ 14 = +12. The nght side has two tri-positive corresponding to +3 X 2 = +6. Thus left

side needs 6e .
C,0-°+14H  + 6e~ = Cr** + 7TH,0 ............ (1)

In the other half reaction (Oxidation half reaction), S atoms are already balanced.
H,S0, -+ HS0;

Balance O - atoms. As there are three O - atoms on the left and four on the nght, we
will add one H,0 to the left.

H,50; + H,0 = HS0;

There are four H-atoms on the left and one on the right. We will cdd 34 * to the right.
H.S0; + H,0 = HSO, +3H"

For charge. the left side is neutral but right side has a net charge of
(—1) +(+3)=+2

Thus we will add 2e to the nght side

H.SO; + H,0 = HSO; +3H* +2¢ ... (2)
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Step3:Equalize the number of electrons transterred in the two half reactions and odd
half reactions. Reduction half reaction uses up ée and oxidation half reaction produces
2e. Therefore multiplying equation (1) by one and equation (2) by three and adding
two equations we get.

C,0-°+14H* +6e~ =  20r*’+ 7H,0

3H,50, + 3H,0 — 3HSO,; +9H™ + 6e”

C, 0-°+ 14H" + 3H,50; + 3H,0 + 6e~ = 2Cr** + 7TH,0+ 3HSO; + 9H™ + 6e”

Stepd: Cancel the duplication. Duplications are 6e~. 3H,0 and 9H"™ . Strike these out
from both sides.

Cr.0. + SH* + 3H.50, = 2Cr*® + 4H.0 + 3HSO,

Example 12.9:

Use the half reaction method to balance the following reaction that takes place

in acidic medium.
MnO; + H,0, » Mn** + 0,
Solution:

Step1: Spiit the reaction into two half reactions.
Reduction half reaction:

Mn0O; — Mn™*
Oxidation half reaction:

H,0, = 0,

Step2: Balance each half reaction. First consider reduction half reaction.

MnO; = Mn*?
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Mn atoms on both the sides already balanced. There are four O atoms on the left side
and non on the right so we will add four 45,0 on the right side.

MnO; - Mn™* +4H,0
There are 8 H atoms on the right side and non on the left so we will add 85" on the left
side.

MnO, +8H™ = Mn"? +4H,0
Step3: Now balance charges. The left side has one Uni-negative and 8 mono-positive

charges corresponding to =1 + 8 = +7. The right side has one di-positive comesponding
to +2. Thus left side needs Se

MnO; +8H* +5¢~ = Mn*? + 4H,0 (1)

Now consider oxidation half reaction.

H,0;, = 0,
O atoms on both sides are equal. There are 2H actoms on the left side and non on the
right side. So we will add 28" on the right side.

H.0, = 0,+2H"
Now balaonce charges. The left side is neutral whereas the nght side has to mono
positive charge corresponding to +1 X 2 = +2.Thus the rnight side needs 2e.

H,0, = 0,4+ 2H" + 2e (2)

Stepd: Reduction half reaction uses up Se and oxidation half reaction produces 2e
Theretore, multiply equation (1) by 2 and equation (2) by 5 and then add these

equations.

2Mn0; + 16H™ + 10e™ = 2Mn™* + 8H,0

S5H,0, = 50, + 10H™ + 10e

2MnO; +16H* + 10e™ + SH,0, = 2Mn** + 8H,0 + 50, + 10H* + 10e
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Step5: Stnke out duplications from both the sides

2MnO; + 6H* + 5H,0, — Mn** 4+ 8H,0 + 50,

SELF-CHECK EXERCISE 12.6

1. Balance each of the following half reactions that take place in acidic medium.
a) NO’” - NoO,
b) 10° -1,
c) CI0Y = CI0®

2. Balance the following reactions by half-reaction method, which take place in acidic

medium.
a) NO; + Br = NO + Br,
b) Ce™*+ H,As0,—- Ce™® + H,As0,
c) S,0;°+Cr* -50;%+Cr,0;°

d) Mn0; +C,0,° > Mn'* +CO,

Solution:

1. Balance each of the following half reactions that take place in acidic medium.
a) NO’ = No,

Step 1: N atoms on the both sides are already balanced. There are three O gtoms

on the left side and two on the right side so we will add one H,0 on the right side.
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There are 2 H atoms on the right side and none on the left side so we will add2H " on
the left side.

NO; +2H™ = NO, + H,0

Step 2: Now balance charges right side has no charge and the left side has Uni-
negative and mono-positive charges corresponding to —1 + 2(+1) = +1.Thus left side

needs le

NO; +2H™ +1e” = NO, + H,0
This is the balanced reduction half reaction
b) 10° =1,
Reduction half reaction:

Step 1: There is one I atom of the left side and 2 on the right sides so we will
balance this by multiplying/ 05 with 2

2104 = I,

There are 6 oxygen atoms in the left side and none on the right side so we will add
6H,0 on the right side.

210, = I, + 6H,0

There are 12 H atom on the right side and none on the left side so we will add 12H™ on
the left side.
2105 + 12H" = 1, + 6H,0

Step 2: Now balance charges there is no charge on the nght side and there are 12
mono-positive and | Uni negative charge on the left side comesponding to
2(=1) + 12(41) = +10.Thus, left side needs 10e"

2105 + 12H* +10e”™ = I, + 6H,0

This is balanced reduction half reaction.

c) Cl;—Clog
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Step 1: Cl atoms on the both sides are already balanced.
Cly = ClO;

There are 4 oxygen atoms on the left side and 3 on the right side so we will add 1 H,0
on the right side.

Cl; - Clo; + H,0

There are two hydrogen atoms on the nght side and none on the left side so we will
add 2H" on the left side.

Clo; +2H" = ClO; + H,0
Step 2:
Clo; +2H* = ClO; + H,0

Now balcnce charges there is one Uni negative charge on the rnight side comresponding
to -1 and there are 2 mono-positive and 1 uni-negative charges on the left side

corresponding to —1 + 2(+1) = +1Thus left side needs 2e ™.
Clo; +2H™ 4+ 2e™ = ClO5 + H,0

This is the bcalanced reduction holf reaction.

2. Balance the following reactions by half-reaction method, which take place in acidic

medium.

a) NO; +Br~ - NO + Br,
Step 1: Split the reaction into two half-reactions.
Reduction half-reaction: NO; = NO

Oxidation half-reaction: Br~ - Br,

Step 2: Balance each haolf-reaction separately.

www.topstudyworld.com

Chemistry



www.topstudyworld.com

First consider reduction half-reaction nitrogen is clready balance there are 3

oxygen atoms on the left side and 1 on the right side so add 2H,0 on the right side.

NO; = NO + 2H,0

There are 4 hydrogen atoms on the right side and none on the left side so we will add
4H* on the left side.

NO; +4H* = NO +2H.0
Balance Charge:

Now balance charges there are 4 mono-positive charge and | uni-negative
charge on the left side conmesponding to —1 + 4(+1) = +3 and no charge is present on

the right side. Thus, left side needs 3e ",
NO; +4H™ +3e” = NO + 2H,0

Oxidation half-reaction:

Balance Mass: Br- - Br,

There are 2Br atoms on the right side and 1 on the left side to balance this
multiply Br~ with 2

2Br~ = Br,
Balance Charge:

Now balance charges there is one uni-negative charge on the left side

comresponding to 2(-1) = -2 and none on the right side., Thus, right side needs 2¢

2BT™ = Bry +2€ e i)

Step 3: Balance the loss and gain of electrons in both half reactions and add
them. The reduction half reaction has 3¢~ while the oxidation half-reaction has 2¢ .

Thus, multiply Eq (i) by (i), Eq (i) by () and then add the resulting equations.

2NO; +8H* + 6e~ = 2NO + 4H,0

6Br = 3Br, +6e
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2NO; +8H™ +6e” + 6Br~ — 2NO + 4H,0 + 3Br, + 6e”
Step 4: Cancel Duplication of Species on both the sides.

Duplications are 6¢e . Strike out from both the sides.

2NO; 4+ BH* + 6Br~ — 2NO + 4H,0 + 3Br,

b) Ce™* + H;As0, - Ce™® + H;As0,
Step 1: Split the reaction into two half-reactions.
Reduction half-reaction: Ce** - ce™?
Oxidation half-reaction: H,AsO, - H,As0,
Step 2: Balance each half-recction separately.
Reduction half-reaction:

Ce atoms are clready balanced.

Ce*™ - Ce™3

Balance Charge:

Now balance charges there are 4 positive charges on the left side comresponding
to +4. There are 3 positive charges on the right side comresponding to +3. Thus, add 1e
on L.H.S.

----------------------------------------------

Oxidation half-reaction:

Atoms are already balanced.
H,As0; = H,AsO,

To balance oxygen add 1 #,0 on left side.

www.topstudyworld.com



www.topstudyworld.com

To balance hydrogen add 2H™ on the right side.

HyAsO, + H,0 — HyAsO, + 2H™

Balance Charge:

There i1s no charge on the left side and 2 mono-positive charges are present on

the right side corresponding to +2. Thus, right side needs 2¢e .

H,AsO, + H,0 — H,AsO, + 2H™ + 2e~

iiiiiiiiiiiiiiiiiii

Step 3: Balance the loss and gain of electrons in both half reactions and add

them. The reduction half reaction has 1e™ while the oxidation half-reaction has 2e™,

Thus, multiply Eq (i) by (i), ond then add EQq. (i).
2Ce™* +2¢~ = 2Ce™

H,AsO; + H,0 — H3AsO, + 2H™ + 2e~

— e

H,AsO, + H,0 + 2Ce** 4 2¢™ - H,AsO, + 2H* 4+ 2¢™ + 2Ce™?

Step 4: Cancel Duplication of Species on both the sides.
Duplications are 6e . Cancel this out from both the sides.

Hy;AsO; + H,0 + 2Ce™* —» H;As0, + 2H™ + 2Ce™?

c) S,0;2+Cr**-50;%+Cr,0;%

Step 1: Split the reaction into two half-reactions.
Reduction half-reaction: 5,0;° — 50;°

Oxidation half-reaction: Cr*? - Cr,05?

Step 2: Balance each half-reactions separately.

Reduction half-reaction: Multiply SO;? with 2 to balance S atoms.
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S.0;° = 250;°
Now, O atoms are olso balanced.
Balance Charge:

There is di-negative charge on the nght side and there is 2 di-negative charge on
the right side. Thus, left side needs 2e .

S0S 4 U™ =5 B85 % cisssississsssasspssssssssssnassppiinssssanssisnd (i)
Oxidation half-reaction:
Balance Mass: To balance Cr atoms multiply Cr? with 2.
2Cr*? - Cr057°
AddH,0 on left side to balance O ctoms.
2Cr*? + 7H,0 - Cr, 052
Add 14H" on the right side to balance H.
2Cr** 4 7TH,0 - Cr,05° + 14H*
Balance Charge:

There is 2 tri-positive chorge on the left side comresponding to 2(+3) = +6. There is
14 mono-positive charge and di-negative charge on the nght side comresponding to -
2+14(+1) = +12. Thus, addbe on R.H.S.

2Cr*® £ TH,0 = Cr0;* + 14HT 68" ....coocnvoosvossssss (ii)

Step 3: Balance the loss and gain of electrons in both half reactions cnd odd
them. The reduction half reaction has 2e”~ while the oxidation half-reaction has 6e ™,

Thus, multiply Eq (i) by (i), and then add to EqQ. (u).
35,0;° + 6e~ = 650;°

2Cr*? + 7TH,0 = Cry0;% + 14H* + 6¢”
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2Cr™3 + 7H,0 +35.,0;° + 6e™ = Cr,0;° + 14H™ + 6e~ + 650, °
Step 4: Cancel Duplication of Species on both the sides.

Duplications are 6e . Cancel this out from both the sides.

2Cr** 4+ 7TH,0 4+ 35,0;° = Cr,0;% + 14H* + 6e™ 4+ 650;°

d) Mn0; +C,0,> - Mn*?+Co0,
Step 1: Split the reaction into two half-reactions.

Reduction half-reaction: Mn0; — Mn™*

,

Oxidation half-reaction: c,0,” - CO,
Step 2: Bolance each half-recction separately.
Reduction half-reaction:
Balance Mass:
Mn ctoms are already balanced.
Mn0; - Mn*?

There are 4 oxygen ctoms on the left side and none on the nght side so add
4H,0 on the left side.

Mn0; + 8H* = Mn** + 4H,0
Balance Charge:

Now balance charges there are uni-negative and 8 mono-positive charges on
the left side corresponding to -1+8(+1) = +/. There is di-positive charge on the nght side

comesponding to +2. Thus, addSe ™ on left side.
Mn0, + 8H™ + 5¢~ = Mn™* + 4H,0
Oxidation half-reaction:

Balance Mass: Multiply €O, with 2 on the right side to balance C atomes.
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C,0;% = 2C0,
O atoms are also balanced.
C,0;¢ - 2CO0,
Balance Charge:

There is di-negative charge on the left side comrresponding to -2. There is no

charge on the nght side. Thus, add 2e¢ on R.H.S.
Ci0:% = 2C0; % 28~ sssssssssssissisosss (ii)

Step 3: Balance the loss and gain of electrons in both half reactions and add

them. The reduction half reaction has 5S¢ while the oxidation half-reaction has 2e .

Thus, mulhiply Eq (i) by (i), EqQ (i) by (v) and then cdd the resulting equations.

2Mn0; + 16H* + 10e™ = 2Mn** + 8H,0

5C,0;° = 10C0, + 10e”

e —

2Mn0; + 16H* + 5C.0;% - 2Mn** + 8H,0 + 10C0, + 10e”
Step 4: Cancel Duplication of Species on both the sides.

Duplications gre 10e | Cancel this out from both the sides.

2Mn0; + 16H* 4+ 5C,0;° = 2Mn*? + 8H,0 + 10C0,

Q.10 Define electro-chemical cells and also give its types.
Ans: Electro-Chemical Cells:

A device, which converts electrical energy into chemical energy and vice

versq, is known as electrochemical cells,
Types:

There are two types of electrochemical cells.
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Q.11.

Ans:

Q.12.

). Electrolytic cells.

. Galvanic or voltaic cells.

What is the function of Salt Bridge?

The Salt Bridge allows the movement of ions from one solution to the other
without mixing of the two solutions and maintains electrical neutrality in each

half-cell.

Explain Galvanic cell in detail. Draw a labeled diagram of a cell containing Zn-
Cu electrodes.

The Galvanic Cell:

"An electrochemical cell in which spontaneous Redox reaction produces an

electnc current i1s known as galvanic or voltaic cell.”

The electrodes at which oxidation occurs is called the anode. Whereas, the
electrode at which reguction occursis called cathode.

Working:

When a Zn rod is dipped into a copper (ll) sulphate solution, zinc atoms are
oxidized to zinc 1ons and copper (ll) ions are reduced to copper metal, which

deposits on the zinc rod. Following reaction occurs:

Zn(s) + Cu**(aq) = Zn**(aq) + Cu(s)

In this reaction, electrons flow directly from the zinc rod toC u*? jons in solution.
However, if the electrons transter from zinc rod to the copper ions in solution
could be directed through an external circuit, the spontaneous Redox reaction

could be used to generate elecinc current.

Construction:
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A zinc rod s dipped in zinc sulphaote solufion in one container is connected by @
copper wire wvith the copper metcl and the copper rod dipped in copper ()
sulphate solution Iin ¢ separate container, no current flows through the external

circuit.

However, when the two solutions are connected with a tube (Solt Bndge) filled
with a solution of an electrolyte such as KCI, KNO;, or Na,50,, Current flows

through external circuit,

:f-\'
- g
— / . 8
Copper
(cathode) | 4 Salt _b_ridqe
Iy | Y ¢
s /

L] - :l . -
Cutagie e —= Culy) Zrdy) == In-"lag)l el ¢

A simple Galvanic Cell

Oxidation half reaction:

In one half-cell oxidotion takes place and is called as oxidation half-cell or
anode. Reaction taking place in oxidation half-cell is called oxidation half

reachion ang
Reduction half reaction:

In the other half-cell reduction takes place is called as reduction half-cell or
cathode. The recction taking place in reduction half-cell iIs called reduction half

regchon.
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Flow of electron:

In has greater tendency to lose electrons than Cu. Therefore, Zn electrode
acquires negative charge relative to Cu electrode. The electrons flow from In

electrode through the extemal circuit to Cu electrode.
Reactions occur at electrodes:

The following half-cell reachons occur at the two electrodes.

At anode: Zn(s) -+ Zn"*(aq) + 2¢” (oxidation half reaction)

At cathode: Cu"*(aq) + 2e” — Cu(s) (reduction half reaction)

Overall cell reaction:  Zn(s) + Cu**(aq) — Zn**(aq)+ Cu(s)

Q.13. What is Cell Potential?
Ans: Cell Potential:

The force with which electrons are pushed to flow through the wire from anode
to Cathode is called the electromotive force or emf.

The emf produced by galvanic cell is called cell potential (E° cell). It depends
upon the difference in the electrode potentials of the two half cells joined in senes. It is

measured I1s volts (V).
Volt:

The volt 1s the measure of energy that is capable of being extracted from the
flowing electrnc charge. When the passage of one coulomb is able to accomplish

one Joule of work, the emf 1s one volt.
Explanation:

I. The electrode with the more negative reduction potential acts as anode and

the electrode with the more positive reduction potental acts as cathode.
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vi.

The net reaction that occurs in the galvanic cell under standard conditions can
be constructed from standard reduction half reactions. Since a redox reaction
must includes both an oxidation reaction and a reduction reaction, one of the
half-cells must run an oxidation that supplies electrons for the reduction.
Electrons always flow spontaneously from or negative electncal potential to
more positive electincal potential. This means that, under standard conditions
electrons are produced by the reaction with the more negative Standord
potential and consumed by the reaction with more positive Standard

potential does under the standard conditions (1 mol dm= concentration at 25° C
aond | atm pressure), the reaction with more negative E° value occurs as
oxidation (anode reaction). The reaction with more positive E° value occurs as
reduction (cathode reaction),

The voltage of any cell under standard conditions can be calculcted using
standard reduction potentials.

Any combinction of two half-cells will produce a complete cell. The overall cell
reaction is obtained by suitably combining the equations for the two half
reactions.

Standord cell potential E° cell or emf of cell is the algebraic difference between
the respective standard reduction potentials of the two half cells.

E® cet =E° comede —E° orode

The cell potential has positive value for any spontaneous redox reachon.

Measurement of electrode potential:

The potential of galvanic cell can be measured with the voltmeter. But o

single half-cell potential of the electrode potential cannot be measured directly.

This is because one half-cell reaction cannot occur without a simultaneous reaction

N another half-cell.

However, relative half-cell potential (electrode potential) can be determined by

arbitrarily designing cne half-cell reaction and its potential as the standard to
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which other half-cell potentials are compared. By intemational agreement, this
reference half-cell is the standard hydrogen electrode. with the stcndard potenticl
of 0.00V.

Q14. Define standard electrode potential.

The standarc electrode potenticl is defined as the tendency of a half-cell

reaction to undergo deduction relative to the stondard hydrogen electrode.

Explanation:

It is potential difference developed when an electrode of an element is placed

N a solution containing ions of that element when all the components are in ther
standard state 1.e. | atm of a gases, | M for solutions, pure solid for electrode and at
29" S

Q15. Describe standard hydrogen electrode (SHE) also write the potential

for oxidation and reduction reactions.
Ans: Standard Hydrogen Electrode:
Construction:

A standard hydrogen electrode (SHE) consists of ¢ Platinum coated with
finely divided Platinum surrounded by hydrogen gas at | atm pressure in contact
with IM HCI solution at 298K, its electrode potential is orbitranly chosen as zero

at all temperatures.
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-

Standard Hydrogen Electrode

By convention, the half-cell potential for reduchon of H'(aq) to H2 gas or the
potential for the oxidation of Hz to H'(aq) in the standard Hydrogen half-cell is
defined exactly 0.00V.,

Redox reaction:
Reduction: (act as cathode):

H'(cq) + 2e ———— H2(g) E° u+y H2=0.00V
Oxidation: (act as anode):

H2(g) = * 2H(aq)+ 2e E° 12pe=0.00V

The symbol E° designates a standard potential 1.e. the potenticl measured

under standard conditions (1M concentration, | atm pressure and 25° C).
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Reduction Half-reaction EO (Volts)

2H,0 + 2e™ = H»: . 20H"

ZIn-* +2e- =2Zn

Fe*™ + 2e~
e L i3

T4+ 2e” =2 Ni

Sn*t +2e” 2Sn

Pb** +2e~ = Pb
Hg,Cl, + 2e~ = 2Hg + 2Cl
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Br(aq) + 2¢” = 2Br~ +] 09

0, +4H" + 4e~ = 2H,0 +1.23
+].,28
+].33

MnO, + 4H™ + 2e~ = Mn** + 2H,0

Cr.05" + 14H™ + 6e~ = 2Cr3* + 7H,0

Cl,(g) +2e~ =2CI

2Cl103 + 12H™ 4+ 5~ = Cl, + 6H,0

BH™ + Mn0O; + 5e™ = Mn** + 4H,0

Pb0, + SO0;° + 4H™ + 4e~ = PbS0O, + 2H,0 +].69

H,0,+ 2H" + 2e~ = 2H,0

F,+2e” 2 2F +2.87

+2.00

. Lodi || (. o
: a1 Bl €
~ O| | o

Table: Reduction potentials of some elements, ions and compounds

Q 16. How can we determine cell potential? Explain your answer with the help of

example.
Ans: Determination of cell potential:
A cell reaction consists of two half reactions.

Reduction takes place in the half-cell having greater value of reduction

potential.

Oxidation takes place in the half cell having the smaller value of reduction
potential.

Equction of the half-cell having smaller volue of reduction potential
is reversed ond added to the equation of half-cell having greater value of reduction

potential. Sum of these two equations represent cell reaction.

Example:
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Calculate E° cell for Zn-Cu cell and wnte cell reactions. Show direction of

electron flow.
Solution:

Half cell reaction

i) In** (aqg) + 2¢

i) Cu** (aq) + 2¢

Data indicates that the reduction potential of second half-cell is grecter than

reduction potential

#

e

In (s)

Cu (s}

- 0.76V

+ 0.33Vv

Chemistry

the first. Hence reduction reaction will occur in the second half-cell and oxidation in the

first half-cell. Reverse the first equation and add it to the second equation to get cell

reachion.

In(s) — In*?(cQq) + 2¢

Cu*? (oq)+ 26 —— Cu (s)

In(s) + Cu*? (aq)=——+ Cu (s) * In*? (aqg)

EO col
Eo cel
Eo ceél

EO cel

Electrons will flow from anode to cathode i.e. from Zn electrode to Cu electrode.

Example 12.11:

The standard reduction potentials for the following half reactions are:

Ni*2 (aq) + 2¢

(Oxidation half reaction)

(Reduction half reaction)

Eo cothode = Eo onoge

EO Cuo=— EO in

+0.34 =

+ 1.10v

—

(- 0.76)

Ni(s) E°=

www.topstudyworld.com

(Cell reaction)

~0.25V



www.topstudyworld.com

Mg*? (aq) + 2¢ =S Mg (s) E° = —2.38V

Calculate E° canfor Ni - Mg cell, write cell reactions, show direction of

electron allow and identify the anode of the cell.
Solution:

Data indicates that reduction potential of first reaction is greater than that
of second reaction. Hence reduction will occur in the first recction and oxidation
in the second reaction, Reverse the second reaction ond add it to the first reaction

to get the cell reaction.

Mg (s) —> Mg*?(aq) + 2¢ (Anode reaction)

Ni*2 (aq) + 26 —* Ni (s) (Cathode reaction)
e

Mg (s) + Ni*? (aq) Mg* (aq) + Ni s} (Cell reaction)

Thus Mg will act as cnode and Ni as cathode. Electrons will flow from Mg to Ni.
E® cel = E® cothose = E® onoce

E® e — E® mg

EO Col

= -0.25 -(-2.38)=2.13V

SELF-CHECK EXERCISE 12.7

The standard reduction potential for the following half reactions are:
Cu*2(aq)+2e " Cu(s) E°=+0.34V
Chk(g)+2e % 2Cl(aq) E°=+1.36V

Calcvulate E” o4 for Cu-Cl; cell, write cell reaction, identify cathode and

show the direction of electron flow.
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Solution:

Given that the reduction potential second reaction is greater than that of
first reaction. Therefore, deduction will occur in second reaction and oxidation will
occur in first reaction. To get the cell reaction reverse the first equation and add it

to the second equation to get the cell reaction.

Anode Reaction: Cu (5) —» Cuv*(aq)+2e (Oxidation half recction)
Cathode Reaction: Clz(g) +2e — 2Cl (aq) (Reduction half reaction)
Cell reaction: Cu (s) + Ni*? — Cu*?(aqg) + 2C!™ (aqg) (Redox Reaction)

Thus Cu will act as anode and Cl; as cathode. Electrons will flow from Cu to Cl,. The

cell potential is
E® cet - E° cothose — E® anode
E® cel = E®° ce~E° cu

- +1.36 - (#+0.34) =+1.02V

Q17. How can we determine the feasibility of a chemical reaction?
Ans: Feasibility of a Chemical Reaction:

The feasibiity of a chemical reaction can be determined by the sign of the

sum of E° values of two half-cell reactions.
Condition:

I The positive value indicates the reaction occurs spontaneously or will be
feasible.

i. The negative value indicates that the reaction is not feasible.
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Example 12.12:
Is the following reaction feasible?
Sn+Fe*? 7™ Sn*?+Fe

The standard reduction potential values are E° sn = ~0.14V, E° e = ~0.44V

Solution:
Oxidation
3
Sn"+ F¢' —» Sn° + F¢'
- 3
Reduction

It is clear from the above equation that oxidation of Sn and reduction of Fe is
taking place. Sn is acting as anode and Fe as cathode. The above reaction consists

of the following two half-cell reactions.

Sn Sn*2+2e  [Oxidation half reaction)
Fe*?2+2e Fe (Reduction holf reaction)
E® ce = E® cotrooe — E® onode
E® co = ~0.44V - (=0.14V) = -0.30

As E° ceil IS Nnegative, therefore the given reaction is not feasible. However,
reverse reaction would be spontaneous.

SELF-CHECK EXERCISE 12.8

Using emf data, explain the following:

¥ Can Fe displace Cu from a solution of copper (1) sulphate.
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2. Can lodine displace Bromine from aqueous solution of

Potassium bromide?

Solution:

{8 E° cv=0.34V

E® re= =0.448V
E°® cen = E° cothode = E® anoce
E° cet = E° cv—E° e
E® cer = +0.34V — (—0.44V) = +0.78V

As E° cei 1S poSitive, therefore the recction is feasible Fe ranked cbove Cu in
electrochemical series therefore it can displace Cu? from a solution of copper (I)

svuiphate,

7 & E® T 0.54v

E® 5= 1.09V
E° co = E° cotmode = E° onoce
E° cel = E° 1= E°u
E® cet = +0.54V ~ (+1.09V) = —0.55V

AS E° cer 1S Nnegative, therefore the reaction is not feasible. Hence, iodine cannot

displace Bromine from aqueous solution of potassium iodine.

Important Information

In modern dentistry, @ matenal most commonly used to fill decaying teeth is

known as dental amalgam dental amalgam actually consists of Ag, Sn and Hg, the
standard electrode potential for this amalgam s +0.67V. Any person who bites @

piece of Al foil (such as used for wrapping candies biscuits etc..) in such a way that

the foil presses against dental filling, will experience ¢ momentacrily sharp pain.
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This is because an electrochemical cell has been created in the mouth, with Al as
anode E ° = — 1.66V, the filing os cathode and saliva as electrolyte. Contact between
Al foil and feeling short circuits the cell. This causes the weak current to flow between
the electrodes. This current simulates the sensitive nerve of the tooth, causing a

sharp pain.

Q18. What are electrochemical series?
Ans: Electrochemical Series:

Under the recommendation of International Union of pure and applied
chemistry {IUPAC) the half-cell reaction are given in the reduction reactions

therefore, E° values are known as reduction potentials.

However, the value of oxidation potential for an electrode con be obtained by

reversing the sign of reduction potential for the electrode.

Nole: The given reduction potential values relcted to standard conditions only 1.e.

I M solution of ions, 25° C (298 k) and 1 atm pressure. Changes in condition will

after these values. Such a list of arangement of elements in order of their

standard electrode potential with reference to standard hydrogen electrode is called

electrochemical series.

Q19. Explain the activity series of metals with the help of examples also
draw the chart which shows the activity of Metals.

Ans: Activity Series of Metals:

Metals are ranked accoraing to their ability to replcce other metals and
hydrogen from ther compounds.

In this ranking metals cnd hydrogen are arronged in order of decreagsing ease

of oxidation to their respective ions in agueous solution.
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This arrangement is called activity series.
Explanation:

A displacement or replacement reaction occurs when an element disploces

another element which is a part of a compound.
General Equation: REXS —m—*® X+ AY

In the general equation atom A replacces atom X and the compound XY
lustrate this type of recction.

Example:

1.If Zn metalis placed in g blue solution of copper (ll) sulphate, the blue color
slowly fades away and grey metal is replaced by red orange Cu metal. In this
reactions Cu ions in the solution are reduced toc Cu metal and Zn atoms are oxidized

to Zn 1ons.
In {s) + Cu*? (oq) —*/In*? (aq) + Cu (s)

When copper metal s plocced in zinc sviphate solution, no replacement

reaction occurs,
Reason:

As a standard reduction potential reaction o copper is greater than

that of zinc therefore no replacement reaction occurs.
Conclusion:

I, this means thot it is easy to oxidize Zn to its ions and reduce Cu*Zions fo its

atoms. Thus, Zn can replace Cut“ions from its solution.

ii. that is why Mg and Al can also displace Cu*?ions, but Ag cannot replace

Cu*?ions.

iii. it is observed that metal ke Na, K can displace H; from water but metals like

Cu, Ag cannot displace H; from water.
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Chart of activity series of common metals:
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Q20. Write important features of activity series of common metals.
Ans: Important fectures of achtivity sernies of common metals are ¢s follows:

1. Metals high on the list transter electrons to metal questions lcw and the list,
The greater the separation between the species the more vigorous will be

the recction.

Example:
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When powdered barium is heated with lead (ll) oxide, a replacement
reaction occurs. This is because Ba is more achtive than Pb. Bonum is oxidized to
form barium oxide and lead is reduced to elemental lead.

Ba(s)+PbO(s)] ——mm» BaO (s) + Pb (s)

On the other hand, when ion pallets are added to ¢ solution of MgClz no
reaction will occur. This is because Fe is below Mg in the activity series.

2. Very active metals react with cold water to liberate Hydrogen.
Example:
2Na (s) + 2H.O @ ——— NaOH (ag) + Hz (g)
3. The less active metals reacts with steam and with non-oxidizing acid such as
HCI.
Example:
Mg (s) + 2H0 (@) =—— Mg (OH): (aq) + H2 (g)
Mg (s) + HCI [cq) —— MgCl: ([ag)+ H2 (g)
Al reacts with hot water to o small degree. This is becouse Al forms @
protective coating of aluminum hydroxide and Aluminum oxide on its exposed
surface. This protects metal from further reaction.
4. The moderately active metals such as CO, Ni, Sn, Pb do not react with
stecm. These metals react spontaneously with 1M HCI.
D: The metals below the hydrogen in the activity series do not react with 1M HCI,
These metals agre unable to reduce H* ions n TM HCI solution, However,
their 1M aqueous ions can be reduced by hydrogen gas at 1 atm. These
metals are called noble metals.
The moderately noble metals such as Cu, Ag And Hg react only with oxidizing
acigs
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such as nitnc and perchlonc acids. The very noble metals do not react with

these acids but reaction with aquc regiao.

Example:

CuO (S) + Hz2(g) — Cu (s) + H20 (g)

Example 12.13:

Predict whether replacement reaction will occur in the following instances.

Explain your conclusion.

Solution:

a) magnesium nbbon is in ¢ solution of silver nitrate.,
b) a small piece of calcium is added to a beaker of waoter.

c) A copper wire is dipped in 1M HCI.

a) Magnesium is above Silver in the activity series. Thus, Mg will
displace Ag*.
Mg (s) +2Ag* (aq) —* Mg (aq) + 2Ag (s)

b) Calcium being very active metal and above Hydrogen in the activity
list will react both cold water and will liberate hydrogen gas.
Ca(s) + 2 H20 (/) — . Ca (OH):z (aq) + H2 (g)

c) Copper metal is below Hydrogen in the activity list. Therefore, no

reaction will take place.

SELF- CHECK EXERCISE 12.9

Predict whether a reaction occurs in the following cases and write a

net ionic equation for the reactions that occur:

a)

an iron nail is placed in 1M HCI.
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b) Lead (ll) oxide is heated with powdered zinc,
c) Nickel wire is placed into a solution of silver nitrate.

Solution:

a) Iron is ranked higher in activity series then hydrogen. Thus, it can displace

hydrogen from HCL and the following reaction will occur.
2 Fe+ 6 HCH—> 2FeCly + 3 H;

b) Zinc 1s ranked higher in activity series then lead. Thus, it can displace leacd

from lecd (ll) oxide and the following reaction will occur.
In+ PO — InO+Pb

C) Nickel is rcanked higher in activity senes then silver, Thus, it can displace

silver from silver nitrate and the following reaction will occur.

Ni+ 2AgNO:  — NI (NO3) + 2Ag

Q21. How would you explain electrolytic cells in terms of electrolysis?
Ans: Electrolytic Cells:

In these cells electrical energy is used to drive many chemical processes.

Example:

For example heavy industnal processes such as the preparation of sodium

hydroxide, metals, punfication of nickel and copper, platting of noble metal on

jewellery and nstruments,

Electrolysis:

The chemical process used in electrolyhic cells is called electrolysis.

Electrolysis is @ production of a chemical reaction by means of an electric

Current. The
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Apparotus used of electrolysis consists of an electrolytic cell.

Construction:

Electrolytic cells contains the electrolyte either in molten state or in solution into
which two

electrodes are placed.

The electrodes are connected with a battery.

The cumrent camed from the battery through the cause by means of electrons
(metallic conduction).
Working:

I. within the cell the curent is carried by the actions and cations of the
electrolyte (Electrolytic condition).

1} the electrodes serve as a point where conduction changes from metallic to
electrolytic or vise versa.

. At each electrode ¢ chemical reaction takes pace in which electrons are
gained by the ions In solution ot one electrode.

V. simultaneously electrons are released by some substance at the other

electrode.
V. These electrons are return to the battery do the connecting wires.
vi. Thus oxidation reduction reactions occur ¢t the electroges.

vil, The electrodes at which oxidation occurs is called as anode.
vii.  The electrodes at which reduction occurs is called as cathode.

Note: The changes which occurs at the electrodes. depends upon the relative
oxidation-reduction tendencies of a substance involved.
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Q22. Define the following terms.
Q. Covulomb (C) b. Faraday (F) C: Ampere

Ans. a. Covlomb (C ).

The Sl unit of charge is the coulomb (C ). It is the change on 6.25x 10*®

electrons.
b. Faraday (F ):

Although the coulomb is the usual unit for measunng charge, the chemist
finds that a more convenient unit is the Faraday (F ). It comesponds to the charge

camed by the mole of electrons and is equal to 96487 C.
C. Ampere:

The Sl unit of current is the ampere, which is the amount of cumrent flowing
when one coulomb passes a given point in one second. Frequently, an ampere is
referred os ‘o coulomb per second’,

Q23. How can you relate chemical change and electric current in terms

of Faraday's laws?

Ans: Relation between chemical change and electric current:

In 1833, Faraday descnbe the results of his electrochemical investigations
by stating the two principles of electrochemistry, which are now known Qs

Faraday's laws.

Faraday's first law:

The first law of Faraday states that 'the amount of chemical reaction
taking place at an electrode is directly proportional to the quantity of charge

that flows through the electrode durnng the process.’

Faraday's second law:
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Second law of Faraday states that, ‘if same quaontity of chorge is passed
through difterent electrolytic cells the chemical change in each case is

proportional to the gram equivalent mass of each parents species.’
Explanation:

If several cells contaning aqueous solutions are connected in senes,
as shown In figure and It 96487 C of charge 1s passed through them, the electrode
reactions proceeds simultaneously ond for 7.999g of O2 from H250s,
1.008g of Hz2, 107.9g of Ag. 31.777g ot Cu and 32.5g of Zn are produced at the

respective cathodes. These weights are the equivalent weights of the respective

elements.

battery

Electrolysis of Aqueous Solutions

It is theretore concluded that 96487 C is the change on one mole of electrons.
This quantity of charge is referred as ocne Faraday. Thus, the guantity of the change
that occur in electrolysis can be determined from the number of Faraday's of
charge, which passes. For most calculations, the value of the Faraday will be taken
as 76500 C.

Conclusion:

The amount of a substance produced during electrolysis by passing one

Faraday of electrncity is called its equivalent weight.

Example 12.14:
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In the electrolysis of molten ZnCl;, how much Zn can be deposited at

the cathode by passage of 0.01 ampere for one hour?

Solution:

0.01 Amp for one hour = 0.01X | X 60 x 60 = 36C.

96500 C/ Faraday = 3.7 X 10 *Faraday
In molten zinc chlonde the cathode reaction is
in”t + 2 gty [N

Wwhich means that for every 2 Faraday of electricity used up, one mole on Zn is

deposited.

Thus,

3.7 x 107" Faraday X 1 Mole of ZIn / 2 Faradays = 1.85 X 10* mole of Zn
As one mole of Znis 63.37Q.
Therefore 1.85 X 107* mole of Zn X 63.37g = 0.012g of Zn (Ans)
Example 12.15:

A constant current was passed through a solution of AuCls ions

between gold electrodes. After a period of 10.0 minutes, the cathode

increased in weight by 1.314 grams.
i) How much charge was passed?
ii) What was the amount of current?
iii)  What volume of Cl; was collected at anode at 1 atm and 25° C.
solution:
The reaction of cathode is the reducthion of Au (lll) to Au metal

AuCl: + 3 e ? Au + 4C]|
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It means that for every 3 Faraday of electrncity used up 1 mole of Au 1S

produced.
Moles of Au = i L O = 6.67 X 10™*
1979 /mole of Au
) Charge = 6.67 X 1073 mole of Au X —=r2day,

mele of Au

2 X 107 Faraday

i)  current = et i
Time | s)
Time = 10mins = 10 X 60 = 600s

(2x10”*F)(96500C /F
600 s

Current = 3.224

i) Thereaction of anode is oxidation of Clions
2CI — Cl;+ 2e
For every 2 Faraday of electncity 1 mole of Cl; was produced.
For 1 Foraday of electricity = 2 moles of Cl: was produced.
For 2 X 1072 Faraday of electricity = % X 2 X 107? moles of Cl, was produced.

=1 X 107* moles C!, was produced.

Volume of Cl; produced can be calculate by the following formula:

SELF-CHECK EXERCISE 12.10

1. Bauxite ore is used for the commercial preparation of Al. For this purpose bauxite

ore is first purified to produced pure alumina, Al, 0, Alumina is then electrolyzed.

Following reaction occurs:
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2A1,04(s) = 4Al(s) + 30,(g)

Calculate mass of Al, that collects at the cathode and volume of oxygen that collects

at node when Al, 0, is electrolyzed for 10 hours with a 15 ampere current at 1 atm and
290G

Solution:
Temperature = 25°C + 273 = 298
Pressure = 1 atm
General gas constant = R = 0.0821 atm dm™ Mole K}
Time: = 10 hours = 10 X 60 x 60 = 36000s

Current = 154

charge

Current = —
Timels)

Charge = Current X Time(s)
= 154 X 36000(s) = 540000 C
Mass of Al:
In the electrolysis of Al,0;. The cathode reaction is
Al*? +3e” = Al
It indicate that for every 3 moles of electrons. 1 mole of Alis produced.
IF =1 mole of electron

3F = 3 moles of electrons = | mole of Al.
So,

3F charge produces Al = | mole

5.596 F charge produces Al = -:; X 5.596 = 1.865 moles

Atomic mass of Al = 279 mole™
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1moleof Al=27g
1.865 moles of Al =27 X 1.865 = 50.355¢g
Volume of 0;:
Oxidation of 0°~ ions occurs at anode.
20°" = 0, + 4¢”
Thus for every 4 moles of electrons. 1 mole of 0, is produce.

IF = 1 mole of electron

4F = 4 moles of electrons = 1 mole of 0,
4 F elecincity produce 0, = | mole

5.596 F of electricity produce 0, = ; X 5.596 = 1.399 moles of 0,

Number of moles of 0, = n = 1.399 moles

Volume =V =2¢

PV = nRT
= AR
Ve P
P = 1399X00821%298 _ 24 ong g3

1

2. Which of the following compounds will give more mass of metal, when 15

ampere current is passed through molten mass of these salts for 1 hr.a) NaCl
b) CaCl,

Solution:
Time: =1 hours = 1 x 60 x 60 = 36005

Current = 15A

charge

Current =

Time(s)

www.topstudyworld.com



www.topstudyworld.com Chemistry

Charge = Current = Time(s)
= 154 X 3600(s) = 54000 C

AS 96500 C =1F

iF
963500 €

54000 C = X 54000 C = 0.5596 F

a) NaClk
In the electrolysis of molten NaCl. The cathode reaction is
Na** + 1e” = Na
For every 1 mole of electrons. 1 mole of Na is produced.
Since, 1F = 1 mole of electron = 1 mole of Na
IF charge produces Na = 1 mole

0.5596 F charge produces Na = fx 0.5596 = 0.5596 moles

Atomic mass of Na = 23g mole™
1 mole of Na= 23g
0.5596 moles of Na = 23 X 0.5596 = 12871 g
b) CaCl,
In the electrolysis of molten CaCl,. The cathode reaction is
Ca** +2e” = Ca
For every 2 mole of electrons. 1 mole of Cais produced.
IF =1 mole of electron
2F = 2 moles of electrons = | mole of Co

2F charge produces Ca = | mole

0.5596 F charge produces Na = -:-x 0.5596 = 0.2798 moles
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Atomic mass of Ca= 40 g mole™
1 mole of Ca = 40g
0.2798 moles of Ca =40 X 0.2798 = 11.192 g

Thus, NaCl will produce more mass of Na

Q.24 What are batteries? Also give their applications.

Ans: Batteries:

A battery is a Galvanic cell or group of Galvanic cell connected in series.
Battenes are a source of direct curent and have become essential source of portable
power in our society. A battery can be as tiny as a heart pacemaker mplant or as

large s the charge storage tanks of an electnc avtomobile.
Applications:

Batteries provide electnc power for starting intemal combustion engines In

automobiles. for running systems on space vehicles and for such devices as flash lights,

toys, heart pacers, electronic calculators, portable radios, TVs, Tape recorders etc.

Q.25 Define primary cells and secondary cells.

Ans: Primary cells:
Batteries which cannot be recharged are called pnmary cells e.g dry cell,
Secondary Cells:

The batteries which can be recharged are known as secondary cells or

storage battenes. e.g Lead storage battery (cutomobile battery).

Q.26 Explain dry cell, give its types and also write the Redox reaction taking place at

anode and cathode.
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Ans: Dry Cell:

The dry cell batteries are used to power many flashlights, toys and small

appliances.
Construction:

NI s aiosiasassstcisviiunsnninnicsissis iEsEbiiianbesstisaissas sasnskisias Cathode is an inert
graphite rod at the center of the container in contract with o mixture of MnO;

and carbon (charcoaql).
Electrolyte: The electrolyte is ¢ mixture of moist NH,Cl and ZnCl,
Reactions: Following reactions take place init.
At Anode: Zn—Zn™* +2e”
At Cathode:2NH, + 2Mn0, + 2e” = Mn,0, + 2NH, + H,0
This cell produces a potential of 1.5V,
Types:
(i)  Alkaline dry cell:

Construction:

In the alkaline dry cell battery, moist paste of KOH is used as electrolyte instead
of NH,Cl and ZnCl,.

Reactions: Following reactions take place init.

At Anode: Zn+ 20H — Zn(OH), + 2e”

At Cathode: 2Mn0, + H,0 + 2¢™ = Mn,0, + 20H"~

www.topstudyworld.com



www.topstudyworld.com

—— Insulator

— L rapituic rod

(cathode)

— MO, and carbon Dlack paste

—— NH,O and In(1, paste
[electrodyte)

—— Zin¢ Tt AN
[anode )

The clkcline dry cell lasts longer becouse the zinc anode comrodes less rapidly in

(ii) Nickel-cadmium dry cell:

An important type of dry cell s the nickel-cadmium battery.
Construction:

t has 0 Cd anode and NiO,qas cathode. KOH is an electrolvte.
Reactions: Following reactions occur in it.
At Anode: Cd(s) + OH(aq) = Cd (OH),(s) + 2e
At Cathode: NiO,(s) + 2H,0({) + 2¢” = Ni(0),(aq)+ 20H (aq)

Recharging:

IN this cell the progucts aghere 1o the eleciroges. Thus, battery can be

ecCnargeq.
: A1 4TA

Q.27. What do you know about lead Storage battery? Write the redox reactions taking
place at anode and cathode during discharging and recharging of lead

accumulator (car battery).
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Ans: Lead storage Battery (lead accumulator):

Construction:

™ ) .
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A Lead storage battery
Redox reactions during discharging:
Following reactions tgke place in i,
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At Cathode:Pb0.(s) + 50, *(ag) + 4H  (aq) + 2e~ = PbS0,(s) + 2H,0(])
Net reaction during discharge of battery is
Pb,

L

r) aq)

Thus during discharge H,50, is used up and its density decreases. When both
electrodes are completely covered with PbSO, the battery ceases to deliver

current until it 1s recharged.
Recharging the Battery:

I Battery con be recharged by connecting its anode to the negative terminal of

direct current and the cathode to the positive terminal of the direct current.
. Reverse chemical reactions occur at anode and cathode of the battery.

. Thus deposition of Pb on anode and Pb0, on cathode takes place. In this way

we canrecharge the bottery.
Redox reaction during recharging:

The reactions of recharging of battery are as follows.
At cathode:

PbSO‘,i,:, +2¢ = Pb(‘) +SO‘:

¢ (aq)

Atanode: PbSO,,,+2H,0y, — Pb0O, +S50°  +4H" ., +2e”

Net reaction: 2PbS0y ) + 2H,0, = Pb,, + PbO,  +4H "tag) T ZSO;Z(NJ

After recharging #;50; solution is concentrated again bringing density to its inifial value

of 1.25gcm.

Use:
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The lead storcge battery provides electrical power in automobiles. It is well suited for

this use because It supplies the lorge current needed to dnve starter motors and

headlights and can be recharged easily.

Q.28. What are fuel cells? How they work? Also write the redox reactions.

Ans.

Fuel Cells:

A fuel cell is ¢ special type of galvanic cell in which reactants are continuously

supplied gs they are consumed and the products are continuously removed.

Principle:

A fuel cell is based upon the reaction between oxygen and a gaseous fuel
hydrogen or methane. When hydrogen burns in air, an exothermic reaction

occurs. A lot of chemical energy is released in the form of heat and light.

This energy is used for cutting and welding metals. In this reaction hydrogen is
oxidized to water,

ignite

Working:

el
Hi.

v,

If the above oxidation-reduction reaction is camed in separate compartments

connected in senes.

Electrons relecsed in the oxidation of hydrogen in one compartment begin to
flow through the external circuit towards the other compartments.

There these electrons bring about reduction of cxygen.
Thus electricity begins to flow in the circuit,

The energy released from the reaction of hydrogen with oxygen to form water is
converted to electncal energy.
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Construction:

) A hydrogen-oxygen fuel cell has three compaortments separated from one

another by porous caroon electrodes.
. These electrodes contain Platinum as catalyst.
il The middle compartment contains a hot agueous solution of KOH.

v, Hydrogen gas is passec through the anode compartment and oxygen is passed

through the cathode compariment.

individual Fuel Cell

Lxcens

Power
A Fuel Cell

Redox reaction:

At anode hydrogen is oxidized to water and at cathode oxygen is reduced o

Hydroxide 1ons.

Anode reaction: 2H,(g)+ 40H (aq) — 4H,0(l) + 4e”

0,(g)+2H,0(l)+ 4~ = 40H (aq)

Cathode reaction:

Net cell reaction: 2H,(g)+ 0,(g) = 2H,0(1)
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This is clearly the equation for the burning of hydrogen in oxygen but in a fuel cell
it is burning without flame. Thus the electron released in the oxidation of hydrogen flow
through the circuit towards the cathode.

A hydrogen-oxygen cells delivers 0.9 V.
Note:

The fuel cell operates at high temperature so the water formed evaporates and
may be condensed. The waoter removed in spacecraft is consumed by the astronauts.
The fuel cells of this kind have been used by American space program.

Q.29. Define solar cell. How can we get electrical energy from it?

Ans: Solar cell:

Devices that convert solar energy directly into electricol energy are called solar

cells.

Construction:
I, A semiconductor matenal is used in these cells,
. This matenal generates voltage output wath light input.

. A basic solar cell consists of two layers of different types of semi-conductive
materials. These maternals are joined together to form ¢ junction.

Working:

I When one layer is exposed to light, many electrons acquire enough energy and

breck cway from their parent atoms. Such electrons close the junction.

i, This means that negative ions are formed on one side of the junction and positive
ions are on the other side.

. Thus a potential difference is developed which couses electrons to flow.

V. Semiconductor made of silicon gives an cutput of 0.5 V per cell.
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Note:

Research is continuing to get more output with other semi-conductor matenal. In

future solar cells will serve as a cheap source of energy.

Q.30. Explain the process of corrosion and how we prevent a metal from it?

Ans. Corrosion:

Corrosion is a natural process, which converts, refined metals to their more stable

metal oxides.
Explanation:

The oxidizing agent in corrosion chemistry is atmospheric oxygen. It is most
familiar in the form of the rusting of Iron Rusting is an electrochemical process. One of

the half reaction in rusting is

Fe** + 2e~ - Fe E° = —0.44V

Reverse of this reaction
ie Fe—=Fe*? +2e”

IS dnven by the presence of oxygen. Iron (ll) i1s oxidized further to iron (lll) and various

insoluble hydrated oxides of ron (lll) aore deposited as the red-brown precipitate known
as rust. These oxides are porous, flake off and expose metal to further comrosion.

The process of comosion occurs when metal is in contact with water. The water

layer present on the surface of iron or water droplet on its surface dissolves 0, and CO0,,

In certain industrial areas where S0, or other acidic vapours are present also
dissolve. Thus metal comes in contact with the electrolyte. The reduction half reaction
IS.

0,(g) + H*(aq) + e~ = 2H,0(1) °= 41,23V

This is more positive than Fe™ - Fe couple, so it can derive the following reaction:

www.topstudyworld.com



www.topstudyworld.com Chemistry

o Y o R R ([oxidotion reachion)

The £7 cell of the combined halt-reaction is

£’ cell = +1.67V

Therefore, there 1s a strong tendency towards oxidation. Oxidation of ron occurs
' nter r . MY . - . all~ YVial~ld~ - S 1 hes ¢ oy el - r al~Ne - >
N an interior region of the droplet whereas reduction of 0, occurs near the air-droplet
ntertace.

Alr
Water

Rust Deposit el
Fe,0xH.0 / e

Corrosion process of iron

Prevention:

~e from attacks con siow I

r"-—
|

]

(T
I‘J
i

(1

L |
2

Comrrosion cannot be eliminated.

Jown.

The comrosion of metal can be prevented by painting the metal so that it does
% of 8 ' al™ n ™re \ . W ¥ Ty \ YN | Wre . - 3 ~$11l ~ 2 rvIc
NOT come INn contact with oxygen and maoisiure and other harmiul agents.

Painhing clso provides visual appeal. That 1s why bndges, trains, cars etc are

-~ - ." -
;Jf_l” IUL:
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i, A metal surfocce can also be protected by coating it with a thin layer of o second

metal that is less electropositive than the first.

This can be done by galvanization or electroplcting.

Q.31. How can we protect iron from rusting by using the process of galvanization?
Ans: Galvanization:

Objects made of iron are dipped in molten zinc and dried. This process is known

as golvanization.
Explanation:

If ¢ scrotch penetrates the anc layer iron is still protected because Zn oxidizes
preferentially. This is because Zn is more active metal than wron, as the potentials for

reduction show.
Fe** +2e" =2 Fe E°= —0.44V
Zn*? +2e"=22Zn E°=-0.76V
Sacrificial corrosion:

Any oxidation that occurs dissolves Zn rather than Fe. Thus Zn acts as sacnficial

coating on Fe. This is also known as Sacrificial comrosion.

Q.32. Explain the process of electroplating with the help of examples.
Ans: Electroplating:

Electrolysis can be used to deposit one metal on another. A layer of silver or gold

is often plated on jewelry and tableware made from inexpensive metals such as iron.

Construction:

I The article to be plated Is used as cathode.
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i, The metaol, which is to be deposited on the article, i1s used as anode.,
. Water-soluble salt of anode metal is used as electrolyte.
Working:

3 When electrical potential is applied, electrons are ejected from anode and

move Into the cathode (article).

", Metal ions of anode in solution copture the electrons and adhere to the article
(cathode).

Example:

In silver plating, silver rod 1s used as anode and Sodium cyanide 1s used Qs

electrolyte. Cynaide ions from a complex with silver ions.
Reactions: Ag~(aq)+ 2CN (aq) = [Ag(CN),]) (aq)
Anode reaction: Ag (s) = Ag (aq)+ e

Cathode reaction:[Ag(CN),](aq) + e -+ Ag (s) + 2CN (aq)

Battery

11

Electroplating of sliver

Use:
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Steel objects are often protected from corrosion by electroplating with Aluminum
or Chromium. These metals forma thin protective coating of oxide which inhibits further
corrosion. The potential of the Passive oxide coating is much like a noble metal.

SUMMARY OF KEY TERMS

1l Redox reactions i.e., oxidation and reduction reactions involve the transfer of
electrons or change in oxidation numbers.

2. Redox equations can be balanced by using oxidation number method and lon

electron method.

3. The drnving force behind ¢ spontaneous Redox reaction is called the cell

potential.

4. The magnitude of cell potenticl depends upon the conditions under which the
measurement is made. Under standard conditions, all solutions have Im
concentrations; all gases have partial pressure of 1 atm. The Standard potential

for the reduction of 2* to hydrogen gas is arbitrarily taken as zero volts

O: In ¢ Galvanic cell oxidation and reduction reaction take place at separate
electrodes and electron flow through the external circuit. These separate parts of
the Galvanic cells. The reactions which occur ¢t these half cells are the half-cell

reactions. A Salt Bridge allows the ions o flow between the half cells.

6. In ¢ Galvanic cell, the oxidation occurs at node and reduction occurs af

cathode and the electrons flow in the external circuit from anode to cathode.

7 £ Voltaic cells use a spontaneous Redox reaction to dnve an elecinc current
through a wire. Whereas the electrolytic cells use an electric cumrent to drive @

Redox reaction.
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The quantity of electricity comed by 1 mole of electron is called a faraday, It is
equal to 96,500 covlombs.

In electrolysis electnc current from an external source dnves g non-spontaneous
chemical reaction. The amount of chemical reaction that takes place in
electrolysis is directly proportional to guantity of charge transferred ot the
electrode.

A battery is g Galvenic cell or a group of galvanic cells connected in series.
Some of the well-known battenes are the dry cell, the nickel-cadmium battery,
lead-storage battery used in automonbiles, fuel cells etc.

The comrrosion of metals is an electrochemical phenomenon.
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