Chapter 10 2 EMN

MEASURING STANDARD ELECTRODE POTENTIALS

There are three main types of half-cell whase E° value can be obtained when connected to a mm
electrode (SHE):

v

« metal/metal ion half-cell (Cu™ / Cu°)
» non-metal/non-metal ion half-cell (C¢* /Ct,)
« ion/ion hali-cell. (Fe™* /Fe™)
Measurement of Standard Electrode
Potential of a Cu**/Cu half Cell: v
Figure 10.5 shows how to measure the £°
value for a Cu'* /Cu half<cell. The Cu'* /Cu
haif cell is connected to the SHE and the
voitage measured. The voltage is «0.34 V. The
copper is the positive terminal (positive pole)
of the cell and the SHE is the negative terminal.
The two half-equations are:

Qg 2" — 0y, E=4034V

K we —»%H:“, £ =000V
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Frgure: Measurng e slancard elecode polental of a Cu gy

The £ values show us that Cu™ ions are easier to reduce than H'ions (they have a more posiyy, .
value). Cu™ ions are more likely to gain electrons than H' ions. So Cu®* ions will accept electrons from
H' /H, half-cell and H, will lose electrons to the Cu®" /Cu half-cell.

Measurement of Standard Electrode Potential of a Zn**/Zn Half Cell:

Figure 10.6 shows how to measure the E° value fora Zn™ /Zn half cell. The voltage of the Zn™ /25 p,s
cell is -0.76 V. Zinc metal is the negative terminal (negative pole) of the cell and the hydrogen electrog, &
the positive terminal.

The two half-equations are:

M) ~2e" —H,, E° =000V

I +2e —> 2, E=-076V @ Rack Your Mind!
The E° values show us that Zn*" ions are more difficult 10 | ¢ e stand ‘__“_’-—._T'nu..
reduce than H™ ions (they have a more negative E° value). 0.76 volts and reduction potential -3
Zn™" ions are less likely to gain electrons than H' ions. So, Zn Yool

will lose electrons to the H™ /H, half-cell and

H" ions will gain electrons from the Zn*" /Zn

half-cell.

From these two examples, we can see that:

* Reduction takes place at the positive
terminal of the cell. For example, in the
Zn® /2n; H' /K, cell:

M) +2e" —Hy,

= Oxidation takes place at the negative
terminal of the cell. For example, in the

Zn® /Zn; W' /H, cell:

an —_— Zn(’.'“ +2e”

5
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ELECTROCHEMICAL CELL (GALVANIC CELL)
— j Exercise L O 5

2 Describe the construction and working principle of the 2n-Cu Gaivanic cell
3 Galvanic Cell:

A cell in which the conversion of chemical energy into electrical energy takes place spontanecusly in
exothermic redox process with oxidation at anode and reduction at cathode.
for Example:

Cu™/Cu//Zn** /Zncell

A salt bndge can De substtuted Oy 3

=110V purm iR

-

Or  Zn, /Zn,IMICuZ,IM/Cu,, E=11V

« A galvanic cell is designed to take advantage of spontanesous
transfer of electrons.

« AGalvanic Cell, 1s also known as a Voltaic Cell.

pamples: Daniel cell, dry cell etc.

For example: 2, +2¢” —2Zn voltage =0.76 V

i the sait bndge s removed. the emf of
e ced crogs to Zero

In order to measure the electrode potential relating to the half-equation
Gy =2e" ey,
A pure copper rod is placed in 3 solution of Cul‘_ﬂ ions (for example copper{ll) sulfate solution). This

cu’* /Cu system is called a half-cell.
The following standard conditions are used to make the half-cell:
o« The Cuf;, ions have a concentration of 1.00 mol dm™?

« Thetemperature is 25°C (288 K)

« The copper rod must be pure.

if we connect two half-cells together, we have made an electrochemical cell. We can measure the voltage

between these two half-cells. Figure 10.7 shows a Cu®* /Cu half-cell connected to a Zn*" /Zn half-cell to

make a complete electrochemical cell

Half-cells are connected together using:

« Wires connecting the metal rods in each half-cell to a high-resistance voltmeter; the electrons flow
round this external circuit from the metal with the more negative (or less positive) electrode potential
to the metal with the less negative (or more positive) electrode potential

o Salt Bridge: A salt bridge to complete the electrical circuit allowing the movement of ions between the
two half cells so that ionic balance is maintained; a salt bridge does not allow the movement of electrons.
A salt bridge can be made from a strip of filter paper (or other inert porous matenial) soaked in a
saturated solution of potassium nitrate.

» The voltages for the half cells in Figure can be represented by the following half-equations:

cul’;‘ +2e” —Cy, E°=+034V
z;w +2e" —1In, E=-076V
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Figure: An electrochemical cell, made by connecting a Cu®* / Cu halfcell to a Zn'* [ Zn half-cell,

An electrochemical cell is made by connecting a Cu®* /Cu half-cell to a Zn** /Zn half-cell. The elatiye
values of these voltages tell us that Zn* lons are more difficult to reduce than Cu®* ions.
At the anode, zinc undergoes oxidation, losing electrons to form zinc ions:
1
Zng ——>2n,,)
These electrons travel through an external circuit to the cathode, where copper ions gain electrons ang are
reduced to form copper metal:
Cuf;’ +2e” —Cy, @ Rock Your Mind!
The overall cell reaction can be represented as: 6. What Is emf and how we calculate 1h,
- cut 2 emf of a galvanic cell?
M) +CYaa) =20 +CU,)
This process effectively converts the chemical energy of the redox reaction into electrical energy, whicy
can be connected to perform work.
The voltage generated by this cell is +1.10 V.
B2,y =E0, +E2, =+0.34—(-0.76)= +1.10V ~
In a Cu-Zn galvanic cell, zinc(Zn) serves as the anode, and copper fons (Cu™*) in solution serve as the cathode,
The E° value for the Ag’ /Ag half-cell is more positive than for the Zn**! /Zn half-cell. So, the Ag+ /ag

+2e”

half-cell is the positive pole and the Zn™* /2Zn half-cell is the negative pole of the cell.

Functlons of Salt Bridge:

The purpose of the salt bridge is to prevent any net charge accumulation in either beaker by allowing
negative ions to leave the right beaker, diffuse through the bridge and enter the left beaker, If this
diffusional exchange of ions does not occur, the net charge accumulating In the beakers would
immediately stop the flow of electrons through the external circuit and oxidation reduction reaction
would stop.

Keeps the electrolyte solution neutral.

Minimizes or ell_rrlmates the qutii_d junction potential.

i QUICK CHECK 10.6
What is the function of salt bridge in the voltaic cell?
. A salt bridge is a crucial component in a voltaic cell. Its functions are:
« Maintains electrical neutrality in both half-cells by allowing the flow of inert ions.
« Prevents the solutions from becoming charged (e.g., accumulation of positive or negative lons)
* Completes the electrical circuit, allowing electrons to continue flowing through the external wire
= Minimizes liquid junction potential, eﬁujing 2 stable cell voltage.

--------------------------- — e  ———— ]

—— i — - —-
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.’:ﬁ;c_-;l salt bridge contains a neutral
'b)
] Foq ==2Fe(,, +2¢" E°=-04aV
P Culo) +26" =20y, E*=-044V

electrolyte (e.g., KNO,, KCZ) that doesn't react with enther halfcell. |
calculate the voltage of a cell having iron and copper electrodes.

[
1
L]
|
L]
: |
I Given Data:

1 geit4 26 —» Fey E°=-044V i
| cut 42¢” — Cuyy E°=+0.34V .
i it looks like you might have written Cul* + 2e” —» Cuy, also as =0.44 V by mistake, but the standard value !
i s+034 V. I
| crep 1: Identify the anode and cathode .
HLES 4 > bito
' « The electrode with lower E* is the anode (oxidation). |
! « The electrode with higher E* is the cathode (reduction). i
| %o '
[ « Anode:Fe — Fel* + 2e- (E*==0.44V) |
|, cathode:Cu™+2e~—Cu (E"=+4034V) '
]

| step 2: Calculate Cell :’otenﬂal !
5 Ecn™ Eunote —Eaucde |
I g, = (+034V)-(-0.48v) = 4078V '
| Ffinal Answers: !
' J) Asalt bridge maintains charge balance and completes the circuit in a voltaic cell, |
! ii) The standard cell voltage for Fe~Cu voltaic cell is 0,78 V '

- —— - —- - — ————— ——— — i —

APPLICATIONS OF E° VALUES

- -

» Direction of Electron Flow
» We can infer (deduce) the direction of electron flow In the wires in the external circuit by comparing

the E° values for the two half-cells which make up the electrochemical cell. For example, in Figure 10.9
these voltages are:

ARl *er==Ag, E°=+080V
I, +2e" ==2n, E°=-076V
» The relative values of these voltages tell us that Zn™* ions are more difficult to reduce than Ag® ions.
s So, Zn metal will lose electrons to the Ag® /Ag half-cell and Ag® ions will accept electrons from the

Zn™* /2n half-cell.

» The electrons move through the wires in the external circuit. They do not travel through the
electrolyte solution.

« So, the electron flow is from the Zn'* /Zn half-cell to the Ag* / Ag half-cell.

= In other words, the flow is from the negative pole to the positive pole. Remember that the more
positive pole attracts the negative electrons.

9 Feasibility of A Reaction Using E°® Values
= Standard electrode potential values, E°, give us a measure of how easy or difficult it is to oxidize or
reduce a species. The E° values are listed in order of increasingly negative values.
» For each half-equation, the more oxidized form is on the left and the more reduced form is on the night.
* The more positive the value of E°, the greater the tendency for the half-equation to proceed in the
forward direction, and the easier it is to reduce the species on the left of the half-equation.
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tendency for the half-equation tm [ e e 5 D L e e

. L Sceed jy These volues indicate how easily the halogens act as oxidizing agents, The higher the €° value, the |
on the right of the half-equation, the I ronger the oxidizing agent.
| The aqueous solution of lodine can be oxidized with bromide or lodide lons.
I <. This statement is Incorrect as written. It likely means:
! “The aqueous solution of iodine can be oxidized by chlorine or bromine lons.”
|  Butusing the actual meaning with the given standard potentials:
', lodine (I;) has a lower E° value than both bromine and chlorine.
! « Hence, lodine is a weaker oxidizing agent than both chlorine and bromine.
| + So, lodide lons (I") can be oxidized to iodine by both CL; and Bry (which have higher E° values).
Eow = Eng—E5 ', Butlodine cannot oxidize Br- or CL" because it Is not strong enough as an oxidizing agent,
= (-2.32)-(+0.80) ! corrected Explanation:
= =152V |  Aqueous iodine cannot oxidize bromide or chloride lons because its standard electrode potential (+0.54
1
|
1]
|
1
|
)
|
1]
|
1
|
L]

« The less positive the value of E°, the greater the
reverse direction, and the easier It is to oxidize the species

« Tocheck the feasibility of reaction between Mg’* and Ag
Mg’ +Ag—7
We need half cell equations and E® values !
Mg** +2e" ==Mg E°=-232V
Ag® +1e” —=Ag E°=+0.80V
Mg®* are supposed 1o be reduced here and Ag is supposed to get oxidized, So calculating E° cej| Bives

Negative value of E, indicates the reaction is not feasible. v) is lower than that of bromine (+1.07 V) and chlorine (+1.36 V). Therefore, I, is not strong enough to

On the other hand reaction between Ag* and Mg Is feasible as for this reaction E® cell will be POsiliyy pull electrons from Br~ or CL™ ions.
y

given below. i Why bromine does not react with chloride lons?
Eoy = Eng— Ans. '
o = (—{;.80} -(=2.32) « Bromine (Brz) hasan E°=+1.07V
= +152V « Chlorine (Cl;) hasan E°=+1.36V

since CL; is a stronger oxldizing agent than Br,, Br, cannot oxidize CL™ ions to Cl.

Explanation:

sromine does not react with chloride ions because the standard electrode potential of chlorine is higher
than that of of bromine. Therefore, Br; is not strong enough to oxidize ( CL' to CL,.

Therefore, the feaslble reaction is
2Ag" + Mg, —>Mg(y,, +Ag,

Strongest
Oxidizing agent

I
'
|
]
|
1
|
'
|
i
|
]
|
]
1
'
|
'
I
]
|
[
|
"
|
]
]

B 4 £5 ] ] 728 3 2 Oxidizing gand Reducing Aqents Using E° Values
g € g Cl, + 200 =====2CI"(aq) E*=+136V § g % g s Look back at Figure. Note the following as the values of E° for each of these reduction reactions gets more
£8 _§ Ag'(aq) + e ===== Ag(s) E*=+080V gg s 5‘3 negative. . By
'g ;E % Cu” (aq) + 2¢ === Cu(s) E=+03aV g’ g § Th:ns:e:'I::vo:ctc:::eefltei:rl‘:\:::::::r;Ilir:come wesker oxidizing @ Rack Your Mind!
§. % e H'(3q) + e ====TpH(g) E"=+000V z E- -é :1812 sp;ecies on the right of the equa;ion become stronger e :'::: SR TRCON R .
2 : 33 ) Zn" (ag)+ 2e” wmmmn Zn(s).  E*=-0.76V s s a reducing agents. They release electrons more readily. (A) Gains electrons
38 g 2 g Mg™ (aq) + 20~ === Mg(s)  E"=-238V g E §_ Cu will not reduce Zn® ions to Zn. So how can we reduce Zn** ::; :_:‘:::’:::um :
68828 i v 23 lons? The answer is to react the Zn* ions with a stronger {0} Is hydrolyzed
e ® reducing agent, which should have an E° value more negative
Reducing agent than the E° value for Zn**/Zn. In Figure we see that the half-
it ] Figure _Su_nd_ar:_| elemode poteﬂtﬁs !ouugle_cim&ln_g and rguslr! agents equation MSI' /Mg has a more negative E° value. So, Mg is a @ E‘M"—d!
{F| Quick cHECK 10.7 TN siable reducing agent. e
a) Explain the following keeping Iin vI:;-the standard electrode potential values Zn{’.’q, s Soem an £ =-a76V s s s il

o _ Mgt +2e” —Mg,, E°=-2.38V
E:m =+1.36V, E:-w- =+1.07V, Ewr +0.54V (2a) 0]
Ans. Explanation using standard electrode potentials:

|
]
|
n
! In* is the better oxidizing agent. It is more likely to accept electrons than Mg®* ions. Mg is the better
! We are given:

|

]

|

i

|

|
1
|
]
|
]
| reducing agent. It is more likely to release electrons than Zn.
L}
|
i
I
]
|

Compounds can also act as oxidizing and reducing agents. For example KMnO, (+0.54 V) K,Cr,0,(+1.33 V)
are oxidizing agent because of their higher E° values. Whereas, K| and FeSO4 are reducing gents due to
their lower E° values.

Few compounds, such as H;0; can act both as oxidizing as well as reducing agents.

©
E“ Jier =+1.36V

E:':ﬂll' =+1.07V
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VARIATION OF E° VALUE WITH ION CONCLENTRATION

The position of an equilibrium reaction is alfected by changes in concentration, temperature and Dr_c_s;;;“\
change the concentration or temperature of halt-cell X, the electrode potential also changes. Under these i
standard conditions we use the symbol € for the electrode potential. Let us take an example of a l'l'lelill,'.al,,'|$
on equilibrum o

Table: Varlation of Potential with lon Concentration

(Fe* Jimol dm ") | [Fe'*)(mol dm™) | E°(V) Effect
>1.00 1.00 +0.85 | More positive
<1.00 1.00 +0.70 | Less positive

1.00 >1.00 +0.70 | Less positive
1.00 <1.00 +0.85 | More positive

I, +e —n, 2 =-076V

1 [Zn*") is greater than 1.00 mol dm *, the value of E becomes less negative / more positive tiav-asn,l
« I [207") isless than 1.00 mol dm *, the value of € becomes more negative / less positive (say - gg,
Le-Chatelier's principle can be applied to redox equilibria, If we increase the concentration of the gp,.
on the left of the equation, the position of equilibrium will shift to the right. So, the value of £ becg,
more positive / less negative change in contraction of lons and its effect on E° is shown in Table 101
two different lons are present in the half-cell, we have to consider both ions. Let us take the €Quilibriyp
between Fe'" lonsand Fe'" ions as an example,

Fe"+ e — Fe 2 =4077V
1.00 moldm™ 1.00 moldm™'
NERNST EQUATION

—

Q. How electrode potential varles with concentration of an aqueous solution? Use the Nernst equation,
explain this variation.

If we consider a cell made up from a silver/silver lon electrode and a copper/copper(ll) ion electrode, thy
reaction taking place i1s:

. e
Cum +2Ag ., —>Cu (a0) +2Agm

.
Interesting Information

When E°,, is plotted against concentration, we obtain a graph as | Nernst Equation:
shown in Flguw. The Nernst equation is an equation relallng the

capacity of an atom/ion to take up one or more
Note that we have plotted the value of E,(non-standard | .jecicons [reduction potential) measured at any

conditions for the cell as a whole) against the logarithm of the | conditions to that measured at standad
silver ion concentration. The above redox cell reaction makes the | conditions (standard reduction potential of 254

, K and one molar or one atmospheric pressure).
value of £, more positive.

E°=4046V

The effect of concentration and temperature on the value of E ., can be deduced using the Nernst equation for
a given electrode, e.g., a Cu,, !Cu:_;) electrode, the relationship is:
L
ized f
E=E°+ RT i [oxidized form)
2F [ reduced form|

where,
E is the electrode potential under non-standard conditions N

~

- —
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g 1s the standard electrode potential
pis the gas constant, 8.314 JK™* mol™ 05 e
715 the kelvin temperature 044
1is the number of electrons transferred in the reaction 5034

¢ is the value of the Faraday constant in C mol™* J
02
inisthe natural logarithm

p;idi:edl refers to the concentration of the oxidized 014
form in the half-equation '

reduced] refers to the concentration of the reduced X S 4 s - EREE
form In the half-equation. g l4g”)

roﬂunatelv, for a metal/metal ion electrode, we can Fliaure oreasng e concertaton of shver ors i the e raacton
simplify this equation in three ways:

, The natural logarithm, Ln, is related to log to the base 10 by the relationship /nx =2.303 log, x
. At standard temperature the values of R, T and F are constant, The equation then becomes
L0059 th[ oxidized form|
z [ reduced form |
0059 5 [Reduced form]
T |Oxidized form|

E=¢°

Or E=E®

sample Problem

what Is the electrode potential of a Zn electrode dipped In a solution containing Zn®* ons (0.1 M), The E°
value of Zn™* /Zn0O is—0.76 V.

solution: Using Half equation and E°,

Zn" +2¢" ——2Zn

£=-076V
8.31x298
E=(-0.76)+ ——— %
(-078)+ = os00 "(0Y)

E=-0.76+(-0.029)=-0.78 V
As Concentration of Zn'* is decreased to shift equilibrium backward and electrode potential decreases to —0.73 V.
ACTIVITY SERIES OF METALS

« The activity series of metals is a ranking of metals based on their reactivity, specifically their tendency 1o
lose electrons and undergo oxidation.

« Metals higher in the activity series have more negative standard reduction potentials.
+ Itmeans they are more likely to lose electrons and undergo oxidation. Thus such metals act as reducing agents.
« Metals at the top of the series are the most reactive with water, oxygen and acid. For example, alkali

metals like cesium and sodium are highly reactive and oxidize readily. They react vigorously with
substances like water to form ions and release hydrogen gas.

«  The metals which are placed lower in the activity series, such as noble metals like gold and silver, do not cxidze
easily. They are less reactive and do not readily lose electrons, that Is why they do not react with water

«  Metals at the bottom of the series are the least reactive with water, oxygen and acid.

¢ The position of a metal in the activity series direclly correlates with its ease of oxidation and overall

reactivity. In other words, these have a greater tendency to gain electrons and undergo reduction and act
as oxidizing agents.

s Activity series of metals is actually reactivity series.
Thus, the activity serles can be understood in terms of standard reduction potentials: metals with more
negative potentials are more reactive and oxidize more readily. Metals with more positive potentials are
less reactive and oxidize less readily (as given in Table).

¥

[ B A - aaar =B
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8 Tadle. Activity Secies of Mebdls ——"---\
l [los | &) Reaction Occuming Trend —m
-~ I 2,|= . -3035 E"h'
. o | -2183 "
B2 | sy~ |—2.90 | Nedtwith cold water, replacing g
\g b - h‘d -'OS"Q“ :=
St 5 -— 82 :k‘. -:HEO,.. -—l:MOH“ .H:'I !5 §
a | " |2% : |
< Al
N2 m" _:71 E E a
—— : S
Mg Arg® =237 § g é
’ "!- - ~ | =3
-.k A.‘ 1.68 Reacts with steam (but not with oold i g g
2n s | 078 water) replacing hydrogen. : § :
(=4 ot | 074 M, =M, —MO, = Hy .;‘ 3 %
Fe Fatr | =082 i HE
= 3
G | o |04 : g i
& | e |08 8 :
= -
= s Do not react with water. React with acids, -)
Sn s+ | =022 | repiscing hydrogen. :
: — 2
Py | ppit | =023 M, =HCL MCL 0+ Ry v
c H* | 000 | included as reference
Cu | o [034
=g wg't | 092
A8 '\s" +0.80 | Unreactive with water or acids.
Pt | ppt |+118
AU ar™ |2 )

FEASIBILITY OF REDOX REACTIONS FROM ACTIVITY SERIES
OR REACTION DATA

. The actwnity senes is actually a reactivity senes of metals, in
order of reactivity from highest to lowest.

It s used to determine the products of single displacement
reactions; whereby metal M, will replace another metal M, in

a solution if M, is higher in the senes.

= Feasibility of a Reaction

From the activity series of metals, we can determine whether the reaction is feasible or not. We sum up
the potentials of half reactions, if potential of the cell is positive it means the reaction 1s possible, however,
if emf is negative, the reaction is not feasible. Let us see the reactions:

@ Rack Your Mind!

9. Na and K can displace hydrogen from
acids but P, Cu cannot. Explain.

Fe ., ~2e" —Fe, ey =034V
Agj,, +1e"==4g,) Epeg = +0.080V

scHO
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e overall reaction is

Fe,, =28, —Fely, <248,
e cell potential is positive; hence the reaction is feasible
Fe,) = A8 ——Fel, +24 E_, =0080-(-0.44)=~1.24 V From the actiity series of metals, we have
3= -
AL 3T ==L,
AR, —le” =4g,

2 il -
Al -Aa‘i” "_'Mlill ‘A‘l’m
alues of the two half-cell reactions is negative Hence the reaction is not feasidle  __ _ _

i QUICK CHECK 10.8

State the Nernst equation, why is It significant in electrochemistry.
state the Nernst Equation and Its Significance
Nernst Equation:
For a half-cell reaction at 25°C (298 K), the Nernst equation is:
0.0591 _[Red]
E=FE -_n-bs-l_th_]
or, more commonly wnitten for oxidation-reduction reactions:

e= e -28N 059

€ ) =0080-(-042)= =124V

£, =-156V
£l =+0.080V
Ees) =-166+-0080=-086 V

1
]
|
L]
|
L]
|
L]
I
L)
|
L]
I
L]
» [E=electrode potential at non-standard conditions !
« E°=standard electrode potential i
» n=number of electrons transferred 4
« Q= reaction quotient (ratio of product to reactant concentrations) |
significance in Electrochemistry: '
« Itallows the calculation of cell/electrode potentials under non-standard conditions. |
« Explains how electrode potential changes with concentration, pressure, or temperature ’
» Crucial for predicting direction of redox reactions, and in designing electrochemical cells. |
b) What is the effect of variation in ion concentration on the standard electrode potential of 3 half i
reaction? =

Ans. Effect of lon Concentration on Standard Electrode Potential |
« Standard electrode potential (E°) is fixed, measured at standard conditions (1 M, 1 atm, 25°C). '
« However, the actual electrode potential (E) vanes with ion concentration, as shown by the Nemnst |
equation. '

« Increase in ion concentration (oxidant): shifts equilibrium —» increases E. |
« Decrease in ion concentration: shifts equilibrium — decreases E. i
So, electrode potential becomes more positive or more negative depending on concentration changes. |
|

]

|

L]

|

L]

|

]

|

L]

|

]

!

¢) Give answers using E° values {E:._m =+0.80V, t; =-091V, E° R dsin =-0.44V).

tiee
L. Which of Ag”, Cr®* and Fe'*, is the strongest oxidizing agent? Which is the least oxidizing? Explain
with reason.

Ans. E‘:‘.mno.aov .

E

"

E’a,,m =-0.91V

Strongest and Weakest Oxidizing Agent:
» Oxidizing agents = species that gain electrons (i.e., get reduced).

m=-0.44\!
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= Strongest oxidizing agent: Ag* (£° = +0.80 V)
»  Weakest oxidizing agent: Cr'* (E° » =0,91V)
Il. Arrange Ag, Cr and Fe In Increasing order of thelr reducing powers.
. Increasing order of reducing power (Ag, Cr, Fe):
Reducing agents = metals (Ag, Fe, Cr) that lose electrons (get oxldized).
Lower E° of their conjugate lon —» better reducing agent.
Order (increasing reducing power):

Ag<Fe<Cr
d) What s the electrode potential of a Cu electrode dipped In a solution contalning Cu®* long (0.01 M
The E° value of Cu®™ /Cu® Is +0.3aV? h
Ans. Electrode potentlal of Cu electrode In 0.01 M Cu® Solution:
Given Data:

. Ezu,,m. =+0.34V

e [Cu'*)=0.01M
s N=2
Using the Nernst Equation:
o 00591 1
Ee E°-—————lo
ntlca)

s-o.u-°‘°591|og[ 1 ]

2 0.01
E = 0.34 - 0.02955 x log(100)
E=0.34-0.02955 x 2 = 0.34-0.0591 =0.2809 V
e) What s the electrode potentlal of CL/CL; half cell at 25 °C, If concentration of CL” Is 0.05 mol dm™,

|
Ll
|
L]
4
I
I
'
|
L]
|
'
I
'
I
L}
|
L]
|
'
|
L]
|
L]
I
L]
I
]
|
'
| Cey + 2" =2C°
]
I
'
|
]
|
]
|
i
I
L]
|
i
I
L]
|
L
I
I
I
]
I
i
I
Ll
I
[}
|

E"=136V
To Find: The electrode potential of the CL,/CL™ half-cell at 25°C, we use the Nernst equation:
Given:
Half-cell: C/,,, +2e” —=2C¢"
Standard Electrode Potential: E* = 1.36 V
[CL) = 0.05 moldm™!
T = 25°C=298K
Assume: PCL; = 1atm
Nernst Equation (at 25°C):
€ E- o.osmlos( 1
n lcey
n = 2 (number of electrons transferred)
[cL) = 0.05
Calculations:
0.0591 1
E = 136~ log| —
E [IO‘OS}’]
1
E = 1.36-0.02955 IOS(OOOZS)

E = 1.36-0.02955 log(400)
Log (400) =~ 2.60
E = 1.36 - 0.02955 = 2.60
E =136-00768=1.28V
In short, the electrode potentlal of the CL,/CL half-cell decreases from the standard 1.36 V to 1.28V,
_ when the CL” concentration is lower (0.05 M), as calculated using the Nernst equation.
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PHOTOVOLTAIC CELLS

the word ‘photovoltaic’ Is composed of photo (light) and volt (electrical potential). The cell which converts light

en"gy Into electrical energy Is called photovoltaic cell,

rinciplo o otovoltaic Colls
The central principle behind the operation of PV cells is the photovoltaic effect, which involves the
generation of voltage and electric current In a material upon exposure 1o light.
« The photovoltaic effect involves the excitation of electrons from the valence band to the conduction
band in semiconductors, facilitated by the energy from photons.
« This process s improved by the presence of a PN junction, which separates the electrons and holes,
creating a voltage that drives an electric current.

» Merits of Photovoltaic Cell as Sustainablo Source of Energy
I. The photovoltaic effect continues as long as light is present, making it a sustainable method for
generating electricity.
Il. A photovoltaic system is a renewable energy source that converts sunlight into electrical energy.
lil. The photovoltaic systems use the sun's energy, making them a sustainable energy source that is
independent of fossil fuels.

WINKLER METHOD, BOD AND DO

;__glochomlcal Oxygen Demand (BOD)

“plochemical oxygen demand (BOD) Is the capacity of organic matter In natural water to consume

oxygen within a period of five days.”

« The value of BOD is the amount of oxygen consumed as a result of biological oxidation of dissolved
organic matter in the sample,

« The oxidation reaction is catalyzed by microorganisms which are already present in the natural water

« Itis measured experimentally through Winkler method by calculating the concentration of oxygen at
the beginning and at the end of five days period, in which a sealed water sample is maintained in the

dark at constant temperature at 25°C.

Disolved
Oxygen

@ Rack Your Mind!

10. The capacity of organic matter In
natural water to consume oxygen
within five days Is called:

~.._ BOD A) DO 8) sOD

—— €) coo D) PAN

Concentraction

Direction of Flow ol River s———3
Flgure 10.12: Inverse relationship between BOD and DO
5 Dissolved Oxygen (DO

“Dissolved oxygen (DO) is defined as the amount of oxygen dissolved In water. It Is dissolved either from
the atmosphere or released by plants during photosynthesis in water."
» Itsconcentration Is between 5 to 8mg/dm’. The minimum level of DO should be Smg/dm'.
» Below 5mg/dm’, the water supposed to be polluted.
» Dissolved Oxygen (DO) and Blochemical Oxygen Demand (BOD) have an Inverse relationship as shown

in Figure.
« As bacteria consume oxygen in the water while decomposing organic matter, BOD increases, leading

to lower dissolved oxygen (DO) level.
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Example: 2Fe + 3CL; —» 2FeCL,
In this reaction, Iron (Fe) is oxidized while chlorine (CL;) is reduced. So, this is a redox
reaction.

Standard oxidation potential of Zn means that Zn has a greater tendency of 0 76 volts than
SHE to oxidize or to lose electrons when connected 1o it.
In, =2} +2¢” €2, =0.76 volts

For the reverse reaction, which is reduction of Zn'? ion by gain of two electrons the E/,, is
with a reverse sign l.e.,

Iy, +2e =2,  E,=-076vols
As both the reactions are opposite to each other, therefore their values of E2, and El,,
are same but with an opposite sign.

In,, ==1In} +2¢"

Electromotive force (emf):

The force with which electrons moves from anode towards the cathode through an

external circuit in a galvanic cell is called the electromotive force (emf).

It measures the tendency of the cell reaction to takes place,

Calculation of emf of a Cell:

Let us find the emf or cell potential of Daniel cell. The half-cell reactions are.
0, (Oxidation half)

(Reduction half)

—» Zn"mIj + e
Y] -
QU™ + 2e = Cy,
The overall cell reaction is
' -
Zn,) + QT > Cy, + 207,
The cell voltage or emf of the cell is given by
e = Eam w E.-n
= 0.76Y + 0.34YV
= 110V

During a redox reaction, an oxidizing agent Gains electrons.

The reduction potential of Zn is ~0.76 V

Displacement of hydrogen from acids involve oxidation of metal and reduction of H* to H;
gas from acid.

MM +le” (Oxidation)

2H" +2e” —»H, (Reduction)
In electrochemical series, those metals which are listed above H; have lesser values of
reduction potential than H; electrode so they possess high values of oxidation potentials.
Na and K possess high values of oxidation potential so they liberate H; when react with
acids as they are present above H; in electrochemical series.

Na—Na" +1e” El. =2714 voht

K=K +1e E., =2925volt
On the other hand Pt, Cu, Au, Ag etc. are listed below H; indicating greater reduction
potential so they have negative potential to undergo oxidation. e.g.

Cu—Cu? +2e E2, =-0.34 volt
Therefore these metals are not able 1o liberate H; gas when treated with acids.

BOD (Biochemical Oxygen Demand) measures the amount of oxygen consumed by
miCroorganisms to decompose organic matter in water over five days.

LR AR WL B TL ) e s e L A EmaEm
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2 Winklor Mothod L
»  Winkler method is a technique used to measure the amount of dissolved oxygen (DO) in water sampja,
« ILis based on the idea that dissolved oxygen (DO) in the sample solution, has oxidizing properties ang
reacts with K P s
s The amount of 1odine formed is raeasured by titrating with sodium thiosulfate using starch 5, .
Indicator which turns the solution dark blue, indicating the endpoint
» The amount of iodine formed is proportional to the amount of dissolved oxygen in the solution,
Principle: .
1. Pottasium oxide is oxidized 10 |; with the dissolved oxygen (DO) present in the water sampje gy 5 5.Q
adding MnS0., NaOH and K1, 4
2. The basic Manganic oxide formed form NaOH and MnSO. acts as an oxygen carrier to enab|s the
dissolved oxygen in the molecular form to take part in the reaction
3, The DO present in the sample oxidises the Mn’* to its higher valency which precipitates as 3
hydrated oxide after the addition of NaOH and KI. On acidification, manganese reverts back 1o
divalent state and an equivalent amount of iodine is liberated from the Ki present. This 'lbern“
lodine is titrated against standard sodium thiosulphate (hypo) solution, using starch indicator,
Reaction:
*  MnSO, + 2KOH—>Mn(OH), +K,50,
= 2Mn(OH), +0, —rZMnO{QHj‘ (Basic Manganic Oxide)
*  MnO(OH), +H,50, —»MnS0O, +2H,0+0
. 2KIQHJSO‘*0—-—-FKISO. oH‘O |v|l .. s.q
. IJI + "8‘5'0. ——-;Hads,o‘ +2Nal
\
(<< Solution Tiﬁ@ Rack Your Brain! >>/
Sr.# | Option Explanation
Given Data:
K:CrO.: Oxidation Numberof O = -2 =3 A
Oxidation Numberofl K = +1 e A
Required: i
Oxidation NumberofCr=x = ?
1. s5.Q Solution:
2(050fKk)+(0OSofCr)+4(0S0f0)= 0
2(+1) +(x)+4(-2) =0
+2+x-8 =0
x = +B-2=4+6
Oxidation Number of Cr is +6 in K;CrO.. 9. 5.Q
2 A In all oxndation reactions, atems of an element in a chemical species lose electrons and
L increase their ondation state
NaOCI
0 No.of Na+ O No. of O+0O No of CI =D
3. D (+1)+(-2)+0No.of CI=0
+1-2+0No.ofCl=0
ONo ofCl= -1
Redox Reactions:
4, 5.Q “Those reactions in which one species (atom, ion or molecule) is oxidized while other & 10. -]
reduced are called redox reactions”
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- MULTIPLE CHOICE QUESTIONS (MCQs)
Q.1 Four cholces are given for each question. Select the correct choice.
I.  The activity series of metals arranges metals in order of their:
a) Atomic mass b) Density ¢) Ease of oxidation
Il.  According to the activity series, which of the following metals would most readily displace h""’""ltn
from dilute acids? L
a) Copper (Cu) b) Silver (Ag)
1l The salt bridge allows transfer of
{a) Zn*" ions b) 50: ions
IV, If Zn—Cu galvanic cell works Ideally after complete discharge, both compartments will have:
a) Cus0, solution b) ZnS0, solution ¢) Cu'? ions d) Zn solid
V.  Which of the following half-reactions represents a reduction process?
a) Zn ) Clyp, 287 =20,
VI. Which of the following half-reactions represents the oxidation process occurring |, the

disproportionation of Cu*?
a) Cu",'m +2e" = Cu,) b) Cu,, +e” —Cy,

d) Ease of reductigp,

¢) Magnesium (Mg) d) Platinum (Pt)

In Zn - Cu voltalic cell.

(c) Both d) None of these

20y +267  b) Fel, »Fels, ve° d) Mg 426" h,

¢) Cuy,, -+Cu:;] +e d) ZCU{;‘, -+Cl.lf:m 1.%

VIl If salt bridge is not used between two half cells in a Galvanic cell, then the voltage
a) Decrease slowly b) Decrease rapidly ¢) Does not change d) Drop to zero
VIlL. In an electrolysis experiment, if a charge of 96,500 Coulombs s passed through a solution, the amoypy
substance liberated or deposited at the electrode is directly related to:
a) Mass number of the ion b) One mole of electrons being transferred
¢) Avogadro's number of ions being discharged  d) Standard electrode potential of the metal ion
. The experimental determination of Avogadro's number through electrolysls typically involye
measuring:
a) The current and voltage applied.
b) The mass of the substance deposited or liberated by a known charge.
c) The conductivity of the electrolytic solution.
d) The temperature changes during electrolysis.
X. The principle of measuring DO by Wrinkler's Method is based on

a) ledimetry b) lodometry c) Acid-Base titration d) Complexometry
Xl. A positive value for the standard electrode potential (E°) of a metal ion/metal half-cell (e.g., cu‘;cu]
Indicates that:

a) The metal is a strong reducing agent.
b) The metal ion is readily oxidized.
¢) The metal ion is readily reduced.
d) The metal will readily displace hydrogen from dilute acids.
XIl. Which of the following changes would typically lead to an increase in the rate of electrolysis?
a) Decreasing the concentration of the electrolyte
b) Increasing the distance between the electrodes
c) Decreasing the surface area of the electrodes
d) Increasing the current passed through the electrolytic cell
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Answer Key with ‘Explanations

Explanation

sr.No. | Option Answer
Metals are arranged based on how easily they lose electrons. More
| ) Ease of oxidation .
reactive metals omidize easily and appear higher in the series
<) M M Magnesium is more reactive than hydrogen in the series It donates
. agnesium (Mg) electrons 1o H* 1ons, releasing hydrogen gas quickly
b) S0.2- The salt bridge carries SO,'" lons to maintain charge balance It
" o completes the tircuit by allowing ion flow without mixing solutions
v b) ZnS0. sol Zn owdizes and Cu'* reduces to Cu, consuming Cu’* ions. The leftover
s electrolyte in both half-cells becomes Zn50,
T
In reduction, a species gains electrons Cly gains electrons to form cr,
v <) Ch +2e” - 2C1° s prcet s
— 50 it's a reduction
h salt bridge, charge builds up in the half-cells This stops
vi d) Drop to zero SEROUE:S & ¥ .
electron flow, and the cell immediately loses voltage
i ionation, the same element 15 oxdized and reduced
Vil d) 2Cu" > Cu** +Cu In disproporuonati bsirs
One Cu* loses an electron (oxidized), and the other gains [reduc

v b) One mole of 96,500 C is 1 Faraday, the charge of 1 mole of electrons The amount
of substance deposited depends on electrons transferred

electrons
" b) Mass deposited by | Mass of metal deposited for a known charge gives moles of atoms
known charge This helps calculate the number of atoms (Avogadro’s number)
hod involves titration of iodine formed by DO It is 3
X b) lodometry Winkler's met \ ;
redox reaction measured using iodometnc titration
% ns the ion gains electrons easily. It 1s more likely 10
Xi ) lon Is reduced A positive E* means the ion g
be reduced than hydrogen.
rrent increases the number of electrons flowing per second
Xl d) Increase current More current

This speeds up ion discharge and increases the rate of electrolysis

2. Howand why electrical double layer Is formed?

Ans. An electrical double layer forms at the interface between a solid electrode and an electrolyte solution. It
consists of two layers: a layer of charge on the electrode surface and a layer of opposite charge in the solution.
This structure anses due to electrostatic interactions between the electrode and the ions in the solution

SHORT ANSWER QUESTIONS

Q2 Attempt the following short-answer questions:

b. Why electrode potential of Cu Is called reduction potential?

Ans. The electrode potential of Cu s called a reduction potential because it represents the tendency of Cu®*
ions 1o gain electrons (reduction) and form solid copper. A positive value indicates a strong tendency to
gain electrons.

¢. What are the advantages of salt bridge in a galvanic cell?
Ans. A salt bridge:
« Maintains electrical neutrality by allowing ion flow between half-cells.
* Prevents the solutions from mixing while completing the circuit.
* Enables continuous electron flow, allowing the cell to produce electricity.

d. How can we predict the feasibility of a chemical reaction using the cell voltage?
Ans. The feasibility of a reaction can be predicted by calculating the standard cell potential (EZ,, ). A positive
E2,, indicates a spontaneous reaction, while a negative E;, SUERESts a non-spontaneous reaction,
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o.  Durlng electrolysis of aqueous NaCl, why Na Is not liberated at the cathode? e

Ans, Sodium (Na) Is not liberated at the cathode during the electrolysis of aqueous NaCl because w_nm
lower reduction potential than Na* lons, Therefore, water Is reduced to hydrogen gas Instead of Nyt lm.‘

reduced to Na metal,

f.  Calculate the Ox, No. of chromium (Cr) In the following compounds: -

() crce, (1) €r,(50,), () ¢r,0;
Ans, Oxldatlon Number of Chromium (Cr)
() Crcla
Glven Data:  Oxidation Number of CL = -1
Required: Oxidation Numberof Crex = ?

——
(1) Crs(SO):
Glven Data:  Oxidation Numberof O » -

Oxidation Number of § « 4g

A~ Required: Oxidation Number of Cr=x « 7
Oxidation No. of Cr + 3{Oxidation No. of Cl) = 0 solutlon:
x+3(-1) =0 2(Oxidation No. of Cr) + 3(Oxidation No. of g ,
x-3 =0 12(Oxidation No. of O) = 0
X =43 x4 3(46) +12(-2) = O

Oxldation Number of Cr Is +3 in CrCls. x+18-24 = 0
2k = 20-18=46
X = 43
Oxidation Number of Cr is #3 In Cr3(SO4),,
() €noj:
Glven Data:  Oxidation Numberof O » -2
Required: Oxidation NumberofCrax =7

Solution:
2(Oxidation No. of Cr) + 7(Oxidation No. of O) = -2
w4 7(-2) =2
2%~ 14 = -2
e +ld =2 =412
X =46

Oxidation Number of Cr is 46 In Cr,0;" .

g- The order of decreasing reactivity of metals based on their position Is K > Mg > Zn > Fe > Cu, w_n}.'
balanced chemical equations for the reactions that would occur (if any) when:
I)  Copperis added to a solution of magnesium sulphate.
)  Ironis added to a dilute solution of hydrochloric acid.
Ans. 1) Copper Is added to a solution of magnesium sulphate:
No reaction occurs because copper Is less reactive than magnesium.
It} Iron is added to a dilute solution of hydrochloric acid:

Fey, +2HCL |, ——2FeCly 0 +Hy

h.  Explain why some metals higher In the activity series can displace hydrogen from aclds, while othen
lower In the serles cannot.

Ans, Metals higher in the activity serles (e.g., Zn, Mg) are more reactive and have a greater tendency to lose
electrons (oxidize) compared to hydrogen. When reacted with acids, these metals displace W
ions (reducing them to H, gas) because thelr reduction potential is lower than hydrogen's.

Metals lower in the series (e.g., Cu, Ag) are less reactive than hydrogen. Their reduction potential Is higher,
meaning they cannot supply electrons to reduce H' lons, so they do not displace hydrogen from acids,
In short, electrochemical reactivity (position In the series) determines whether a metal can reduce H* to H,.

1
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Calculate the number of Faradays required to deposit 108 g of Ag**,63.5 g of Cu™ and 27 g of AL",

—
AnS.

Humber of Faradays=Mass of substance (g)/Equivalent mass of substance
The equivalent mass (E) is calculated as:
e Molarmass (M)

Valency (n)
1. For 108 g of Ag’* (Sllver)
Molar mass (Ag) = 108 g/mol
Valency (n) = 1
I—?E = 108 g/equivalent

108g
108¢ / equivalent

Equivalent mass (E) =

Number of Faradays =

2. For 63.5 g of Cu®* (Copper)
Molar mass (Cu) = 63.5g/mol
Valency (n) = 2
63.5
Equivalent mass (E) = T-!l.?.‘: g/equivalent
63.5¢
Number of Faradays = __31.?Sgleqmvalent
3, For 27 g of AL* (Aluminum)
Molar mass (AL) = 27 g/mol
Valency (n) = 3

Equivalent mass (E) = 2—;-=9gfequivalent

- 27g
Number of Faradays = oy o e -
Final Answer:

« Ag' (108 g): 1 Faraday

« Cu™ (63.5 g): 2 Faradays

s AL* (27 g): 3 Faradays i

(Each Faraday = 96,485 C/mol, but here we only calculate the number of Faradays.)

In an electrolysis experiment, a current of 0,500 A was passed through a solution of AgNO, for 30.0
minutes. The mass of sliver deposited on the cathode was found to be 0.503 g. Given that the molar
mass of silver Is 107.87 g mol™ and the charge on a siiver lon is +1. Calculate the value of Avogadro's

number (N,) from this data.

Ans.

Glven Data:
Current () = 0.500 A
Time (t) = 30.0 minutes = 1800 seconds
Mass of Ag deposited (m) = 0.503 g
Molar mass of Ag (M) = 107.87 g mol™

ChargeonAg'lon(n) = 1
Step 1: Calculate the total charge passed (Q)
Q= Ixt=0500Ax18005=900C
Step 2: Determine moles of Ag deposited

m 0.503g
Moles of Ag = " = W

Step 3: Relate charge to moles of electrons (Faraday’s Law)

= 4,663 x 10" mol

Since Ag' +e” — Ag, 1 mole of Ag requires 1 mole of electrons (1 Faraday = 96,485 C).
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Total charge required for 4.663 = 107 mol Ag:
Qowr, = Molesof Ag=F=d66310"296485C

2.2 the actual charge used (Q) =900 C so
c o Q %0
Mclesof A 4663.107"
Step & Caiculate Avogadro's number (N.)
Smce F= Nglelnmeilmzilgi’C]
1930-10°

L . Lol VNS
e 1602«10"

=1930 = 10° C mol™

Ny =

Final Answer: M =120 x 107 mol™
mmemmmmmdmnmmrml.m-IO”mohmles.hwwm.,,”

be 6.02 x 107).
K Acell is set up with a3 standard nickel electrode (N, +2¢” —=Ni,, E°=-025V) ana_:;;;

cotait electrode (Col, +2¢” =—Co,, E*=-028V).
i} Iicentify which metal will be the ancde and which will be the cathode. Justify your answer.
i)  Write the balanced overall cell reaction.
W) Calculate the standard ceil potential (E2, ).
Scluton:
i) lcertfymg Ancde and Cathode
= Standard Reduction Potentials (E°):
= NFele MNig, E=-025V
s el =—=C(o. E*=-028V
* Companson:
= Nkl has 2 less negative (higher) reduction potential than cobalt
s Cathode (Reduction): The electrode with the higher reduction potential (Ni**/Ni).
*  Anode (Oxidation): The electrode with the lower reduction potential (Co™*/Co), where oxidatign
ocours.
Reason:
Since, B > EZomza, NP° gains electrons (reduction) at the cathode, while Co loses electrons (oxidaug
at the ancce.
ii) Balanced Overall Cell Reaction
« Oxidation at Anode (Co): Co,, —Col , «2e”
« Reduction 3t Cathode (Ni): N(_ ~2e” —Ny,
« Overall Reaction: N ~2¢" —Ni,,
iii) Standard Cell Potential (E"cell)
E;‘ = E _E:
B (-0.25V)-(-0.28V)=+003V

« The postive E.,, confirms the reaction is spontaneous.
» Cobailt (ancde) dissolves, while nickel (cathode) deposits.

Firal Answers:
i) Anode: Co., (owdation) ii) NE,+Co,, —Ni, +Colpy iii) €, =+0.03V
Cathode: Ni__ (reduction)

DESCRIPTIVE QUESTIONS

l\

E-!-_"_‘tru electrode potential varies with concentration of an aquesss sohution ! Use thae HERNST souation 0
explain this variation.
See Page N (356)
How Avogadro s number can be derived using an electrobptic cell?
. See Page No. (345)

%)

4

\

3

\

Describe the construction and working princigle of the In - Cu Gabvanic cell
e Page Mo (351)
at 1s meant by Standard Mydrogen Flectrode (SHE)? W It s usad 1 ireasure the electiode patential

of anather electrode ?

Ans. See Page No. (348)
a7 Calculate the electrode potential for a tine electrode Immersed in 3 0.010 maol den™ salution of rine
sulfate (ZnSO4) at 292 K. The standard electrode potentisl (£°) for Jn:;’ v == ln,” s =0.16 Y. (Gas

A

4

.
o
5

NUMERICAL PROBLEMS

constant, R=2.31 J K ' mol™, Faraday constant, F= 96500 Cmal ')

E:;;Dau:
o Standard electrode potential (£°) = <0 76\ (for 2n'" + 1o = Jr |
Coneentraton of 20 ([Zn']) = 0.010 mal dm !
Temperature (T) = 298 ¢
Gasconstant () = 8 31 )" o)
Faraday constant (F) = 96500 C mal™
n{number of electrons transferred) = 2
Mernst Equation:

- & = =8 =

!
E = E° ﬂln: : .
Since the actrity of solid Znfs) is 1, the equation umplifies 1o
00591
n

£ =F log., (2 |

RTIn (10)

(A1 298K, =00551V)

Substitute Values
Ly
E=-076 y:o&.‘lomnj
0.0591
E
2
E =-076+00591
E = -07009¢Y
E=-070V

= -0.76 #(-2) (v logud0016) = -2)

Final Answer:



Q.8 A constant current of 2.00 A is passed through a solution of copper(ll) sulfate (CuSO.) Tor 30,0 > 300 M "“""‘n
Calculate the mass of copper deposited at the cathode. (Molar mass of Cu=63.Sgmol

constant, F=96500 Cmol™)
Gliven Data: B
Current (I) = 2.00A l
Time (t) = 30.0 minutes = 1800 seconds B
Molar mass of Cu = 63.5 g mol™ p
Faraday constant (F) = 96500 C mol™
Reaction at Cathode:
Cu'" +2¢” —>Cu
Step 1: Calculate Total Charge Passed (Q)
Q =Ixt
=200Ax1B00s=3600C
Step 2: Determine Moles of Electrons Transferred

Q 3600
B — =0.0373 mol
Moles of e = 36500 0.0

F

Step 3: Relate Moles of Electrons to Moles of Cu Deposited
Since 2 moles of e- deposit 1 mole of Cu:

; =
Niclisiopoy » MOECTE_ ‘;"fe N
Step 4: Calculate Mass of Copper Deposited

Mass of Cu = Moles of Cu x Molar mass

=0.01865%63.5=1184¢g

-‘%373 =0.01865 mol

Final Answer: 1.18 g

Q.9 A galvanic cell consists of a standard hydrogen electrode (SHE) and a Nl" oa) / Nlgy) h;]f.uﬂ_ ™
measured cell potential at 298 K Is 0.25 V, and the nickel electrode Is the negative terminal.

a)  Write the balanced overall cell reaction.

b) Determine the standard electrode potential (E°) of the NI" /Ny halfcell.

c) Identify which electrode is the anode and which is the athode

Ans,
a) Balanced Overall Cell Reaction
Since the nickel electrode is negative, it acts as the anode (oxidation), and SHE is the cathode (reduction)

Oxidation (Anode):

Ni, -——bNIf;, +2e”
Reduction (Cathode):
2H,, +2e" —rHy,
Overall Reaction:
Ny + 2H —Nifg +Hyy
b) Standard Electrode Potential (E°) of Ni**/NIi
Given Data:

Measured Eca = 0.25V

SHE reference potential:
Ef. m =0V "

Using Ea
0.25

= Egynode ~Etnode
= O-E:R‘m

E;,,.m = =0.25V

"{V

1L
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“~ anode and Cathode Identification

. Anode (Negative terminal): Ni,, (oxidation)
. Cathode (Positive terminal): SHE (reduction).

-

ADDITIONAL SLOs BASED MCQs

By electrolysis of brine solution which of the following Is deposited at anode?

AH; B Ch cCo; D Na
which of the following is reducing agent?

A KMnOs B HI C. K.Cr;0y D WS04
The oxidation number of Mn in potassium manganate Is:

A7 B +6 C.+5 D 42

All of the following statements about (oxidation) state is / are correct EXCEPT:

A Itis apparent charge on an atom in 3 compound B Its value is either 2ero, positive or negalive

C It can be vanable D Maximum oxidation state can be «7

in the extraction of Al by electrolysis. Why it is necessary to dissolve AlO, in molten cryolite?

A. Cryolite provides the ions needed to carry current B. To decrease high melting point of the electrolyte

¢ Cryolite reacts with ALO; to form ons D. Molten AJ;O would not conduct electricity

All of the following is / are characteristic of electrolytic cell except:

A Electncal energy into chemical energy B Anode has negative charge and cathode positeve che rge

¢ Reverse of addition reaction D. Endothermic process

Asolution of copper (1) sulphate is electrolyzed using copper electrode, which of the following would be
happen?

A The anode loses weight

C The solution darkens in colour
Which is not a galvanic cell?

B. The cathode loses weight
D. The solution lighters in colour

A Daniel cell B. NICAD C. Fuel cell D. Dry Cell
Voltage of silver oxide battery Is:
A LSV B. 1.8V Cc.2v D 2.2

.

Coinage metal Cu, Ag, Au, are the least reactive because they have:
A. Negative reduction potential B. Positive reduction potential
C. Negative oxide potential D Positive oxaide potential
The !ollowlng standard half cells are connected

Ccd” C= Cd, Ered = -040v¢
,I'g"w, ¢ == g  E'red = +0.80¢

What is cell potential of the Cd electrode relative to the Ag electrode?
A-20Ov B -0.04v C.+12v

Zinc displaced copper from copper sulphate solution because:

A. Atomic no. of zinc is higher than that of copper

B. Zinc has more negative electrode potential than copper

C. Zinc has positive electrode potential than copper

D. Zinc sulphate is more soluble in water than copper sulphate

The cell reaction Zn + Cu™(,5—> Zn*?.q+Cu, Is best represented by:
A.CulCu* ||Zn™ |Zn B.Pt|Zn"" | |Cu** |Cu C.Zn|Zn" | [Cu** |Cu
Which of the following Is type of electrolytic cell?

A. Ni—=Cd cell B. Down's Cell C. Silver oxide cell
If the salt bridge Is not used between two half cells, then the voltage:
A. Decrease rapidly B. Decrease slowly C. Does not change

D «040v

D.Zn|Cu™* | |Zn™ |Cu
D. Dry alkaline cell

D. Drops to zero
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. | o A solution of copper (1) sulphate & eiectrolyzed GSing CO8 s“"*'°"§‘q.._ [ '™ the process, the cuiciong agent s reduced tseff. | () i the process, the reducng agent S

|
|

1 L'“ Soour \’ | | e—
2 | C |Foeisnotagahanicoed el [ @) An ouciong agent gain electrons and #s cudaton | () The recucng agent iose elecirons and
9. | A |voRage of siver omde battery 5 1.5V g msmiber :e-.‘:ge_ses o ¢ reacton.  eg., 2 omciahon sumber § ncredsed
10. | B | Comage metal Cu, Ag Au are the least reactive because they have posiove 'm% |  On0/H:S0 KoLri0n/H:S0., HNOs, CL; Sr:etc eg. FeSO, HLSO, Na X et

O A

n [4 Elamant with low A7 wil b2 cuciced cwaaton pot of €2 will be==C —3-\;*—__:.-‘-;-:;:‘:\ e —

} [u__ cea rad not of Az is = 020 - 0.80 by adding both weght = +1 20V Y1 Ts pefine Oxication and Cuication number. Give two examoies.

er suphate solution because Iinc has :\c_h-q . Qucation: There are three defntions

12 3 Inc dsplaced copper from copp =
. slectrode potential than CopRSf. @ Lossof eiectron (@) Llossofmysrogen (@) Gamofcwygen
) —SCTRce POt then covee ——]  oucaton Number/Onication suae:
| 2nj27° 10" fCu “The apparent charge on an atom of an slement in 3 molecule OF in 3n ©n s Calied oxidation number of
= = ~t2 ___-"'"--.._ e -
14 8 | Sizcrobtic et fike Down's cell uses electnoiy 10 Ty O 0 non-$pontnecus chemicy sudstion state
. D | Due 10 charge accumuiation, flow of ¢ is stopped and voltage drop to 280 __-‘.‘" m::es“- . : -
m—— (@ Owgzat:on number of Cr is +6 in K:Lr-0- () Oucsation of Ps =S m NaxPQ.
A
37 Whstis difference between cxidation and reduction process, give one example of each?
- ADDITIONAL SHORT ANSWER QUESTIONS A
s Ox.gsven | Reducton
Q1 Whot is Winkler method? o “Adgwion of oxygen or removal of hydrogen is | “Adcition of hydrogen or removal of oxygen s
- " — Bed oxxdation” o axitatinn”

Ans. W nilar method is 3 technique used to measure the amount of dissclved oxygen (DO) in s = e o . S o '3" S N
szmpies. It is based on the idea that dissolved oxygen (DO) in the sample solution, has oxds . l...,ss- of electron 2 d hence increase in | o Gain of electron and hence Seccase
proparties and reacts with KL The amount of iodine formed is measured by Ulraling with soa- oxication number i calied oxdation. oxidation numBer s ¢33 redusien

[ t ki < S 7 Nt . Ja -
thosulfate using starch as an indicator which turns the solution dark blue, indicating the engpam e AN S0 eg. Cu -2 — G
Tre zmount of iodine formed is proportional to the amount of dissclved oxygen in the solution s Inelectrochemical cells ondation takes place | ¢ In electrochemecal colis reduction (ake=s place
— at anode. at cathode.

Q.2 Differentiate between dissolve and biological oxygen demand.
Ans. Dssolved oxygen (DO) is Gefined as the amount of oxygen dissolved in water. It is dissohed emg| 28 Write down the oxidation states of oxygen in peroxide and super oxides.
fram the atmosphers or released by plants during photosynthesis in water. Its concentrztes ¢ | ke Owdation States of Oxygen in Peroxides and Super Cudes:
between 5 to 8 mg/dm’. The mimimum level of DO should be 5 mg/ dm’. Below 5 mg/cm’, the was i perowaes, oxyzan has — 1 oxdation state e.g. H: “geet

supposed to be poliuted oy
A supsroxide it has =12 oxidation state eg. K*0 ™~
Tre capacity of organic matter in natural water to consume oxygen within a period of five days Ty £

sz'ue of BOD is the amount of oxygen consumed as a result of biological oxidation of cissoler| 33 Calculate the oxidation number of underlined elements: HNO, : &rOy

orgzric matter in the sample is called biological oxygen demand. Lx. HND,y
Q.3 Whrat is the principle of photovoitaic cell? GivenData: Oxidation NumberofO = -2
Ans. Principle of Photovoltaic Cells _ Oxidation Numberof o = ;1
Tre central principle behind the operation of PV cells is the photovoltaic effect, which involves 2 "“’“f’“" Oxidation NumberofN=x =
generation of voitage and electric current in 3 material upon exposure to light. The photovohai efa Solution:
.olves the excitation of electrons from the valence band to the conduction band in semiconducn (Oxidation No. of H) = (Oxidation No. of N) + 3{Owidation No. of 0) =0
feciit2*ed by the energy from photons. This process is improved by the presence of a PN juncen (+1)+=x+3(-2) = 0
which separates the electrons and holes, creating a voltage that drives an electric current. «1+x-6 = 0
x = «6-1=+5
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Oxidation Number of N is +5 in HNO,
Cro,
Given Data:  Oxidation Numberof0 = -2
Required: Oxidation NumberofCr=x = ?
Solution:
Oxdation No. of Cr) + 3(Oxidation No. of 0) =0
x+3(-2) = 0
x-6 =0
x = +6 .
Oxidation Number of Cr is +6 in CrO,.
Q.10 Define anode and cathode. RO
Ans. Anode: T
An anode is an electrode of a polanzed electrical device through which conventional current enters y,
device
Cathode:
An electrode of the device through which conventional current leaves the device.
Q.11 Define electrolytic cell. Give example. W
——

Zlectrolytic Cell:

In this cell, electrical energy is converted into chemical energy. Non-spontaneous redox reaction tays;
place. Elzctrical energy is used to carry out reaction, Electrolysis takes place. Anode is positive and cathoss
is negative. e.g., Down's cell (to prepare pure Na-metal), Nelson’s cell (to prepare caustic g
commercially) etc.

Ans.

Q.12 Define electrode potential and standard electrode potential.
Ans. Elactrode Potentlal:
The tendency of a metal to form Its ions or get deposited on the metal when it is dipped Into solution of y
own ions 15 called electrode potential.
Standard Electrode Potential:
The potential set up when an electrode is in contact with one molar solution of its own ions at 298 ks
I.)nown as standard electrode potential or standard reduction potential of the element.”
It is represented as E°
for example, a rod of Zn will have an accumulation of negative charge owing to the net ionization of som
of its atoms. This layer of negative charge will attract Zn*? ions around the rod. In this way, an electnal
double layer 1s formed around the Zn rod as shown in figure. The equilibrium state is represented as
Zny === In,}y +2¢"
Q.13 What is 5tandard Hydrogen Electrode (SHE)? Explain with the help of diagram.
Ans. “tandard Hydrogen Electrode (SHE):
/A standard hydrogen electrode consists of a piece of platinum foil, coated
with a layer of finally divided platinum black (to give it a large surface area)
and is connected with a platinum wire. It is immersed in 1 M HCL solution.
Pure H; gas at one atmaspheric pressure is continuously bubbled into 1 M
HCL solution.
The platinum acts as an electrical conductor and also facilitates the
attainment of equilibrium between the gas and its lons in solution. The
electrode potential (oxidation or reduction) of this standard hydrogen
electrode is arbitrarily taken as zero at all temperatures.
E*=0.00V

—
—
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F_
.14 Write down the Importance of standard Hydrogen Electrode (SHE).

—

. Importance of Standard Hydrogen Electrode (SHE):

SHE Is used as a standard electrode.

Standard Hydrogen Electrode Is used as a reference electrode and has a potential of 0.0 volts.
+ SHE s used to find the reduction potential of different electrodes.
SHE serves as a medium for cell potential calculations.

.15 Differentiate between Galvanic cell and Electrolytic cell.

ans. Differences between Galvanic Cell and Electrolytic Cell:

Electrolytic Cell

Voltaic/Galvanic Cell

In this cell, electrical energy is converted into
chemical energy.

in this cell, the chemical energy is converted
Into electrical energy.

Non-spontaneous redox reaction takes place.

Spontaneous redox reaction takes place

Electrical energy is used to carry out reaction.

Electrical energy is generated by a chemical
reaction.

Electrolysis takes place.

No electrolysis takes place.

Anode Is positive and cathode is negative.

Anode is negative and cathode is positive.

Example: Down’s cell (to prepare pure Na-
metal), Nelson’s cell (to prepare caustic soda
commercially) etc.

Example: Zn-Cu cell (Daniel cell), lead storage
battery, sitver oxide cell etc.

0000
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Total Ma rk: 0

Q.1 Encircle the correct option.

e ———
(1 xsaq
i

(M

(i)

(1)

(lv)
(v)
(vi)

Which of the following half-reactions represents a reduction process?

A Zny—Zn* g+ 20" B, Fe'yg Feruare C.Clg+2e 520 0. 2H'ua* 27— Hy,

The activity series of metals arranges metals in order of their: _
A. Atomic mass B. Density C. Ease of oxidation D. Ease of reduction
The Nernst equation relates electrode potential to:

A, Temperature only B. lon concentration and temperature

C. Pressure only D. Volume only

In the Cu-Zn galvanic cell, metal which oxidized is: )

A. Copper B. Zinc C. Both D. Neither

The principle of measuring DO by Wrinkler's Method is based on

A. lodimetry B. odometry C. Acid-Base titration D. Complexometry

Which of the following changes would typically lead to an Increase in the rate of electrolysis?
A. Decreasing the concentration of the electrolyte

B. Increasing the distance between the electrodes

C. Decreasing the surface area of the electrodes

D. Increasing the current passed through the electrolytic cell

Q.2

g
Write short answers of the following questions. (2% 8=1¢)

0]

(i1)
(iii)
(iv)
(v)

Determine Oxidation No. of Oxygen (O) in Na;0

What is the function of salt bridge in the voltaic cell?

Why bromine does not react with chloride ions?

Calculate Number of Faradays required to deposit 108 g of Ag', 63.5 g of Cu’* and 27 g of AL>".
How and why electrical double layer is formed?

scHO

(vi) Write the principle of the Winkler Method for measuring BOD.

(vii) What is meant by the term standard electrode potential?

(viil) The photovoltaic cells generate electricity. How?

Q.3 Extensive Questions. (2x4=8)

(a) How electrode potential varies with concentration of an aqueous solution? Use the NERST equation
to explain this variation.

(b) Calculate the electrode potential for a zinc electrode immersed in a 0.010 mol dm™? solution of zing

Zn is—0.76 V. (Gas

sulfate (ZnSOs) at 298 K. The standard electrode potential (E*) for Zn** + 2e”
constant, R=8.31JK"'mol™, Faraday constant, F = 96500 C mol™')

T
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Student.Learning Outcomes N\

After studying this chapter, students will be able to:

o Classify hydrocarbons as aliphatic and aromatic. (Understanding)

+ Describe the nomenclature of alkanes and cycloalkanes. (Understanding)

« Explain the shapes of alkanes and cycloalkanes exemplified by ethane and cyclopropane.
(Understanding)

« Explain the unreactive nature of alkanes towards polar reagents. (Understanding)

+ Define homolytic and heterolytic fission, free' radical initiation, propagation and termination.
(Understanding)

o+ Describe the mechanism of free radical substitution in alkanes exemplified by methane and ethane.
(Understanding)

+ Identify organic redox reactions, (Understanding)

+ Explain the nomenclature of alkenes. (Understanding)

« Explain the shape of the ethene molecule in terms of s and p C~C bonds. (Understanding)

»  Describe the structure and reactivity of alkenes as exemplified by ethene. (Understanding)

« Explain with suitable examples the terms isomerism, stereoisomerism, and structural isomerism.
{Understanding)

¢ Explain the dehydration of alcohols and dehydrohalogenation of RX for the preparation of ethene.
{Understanding)

» Describe the chemistry of alkenes by the following reactions of ethene: hydrogenation,
hydrohalogenation, hydration, halogenation, halo hydration, epoxidation, ozonolysis, and
polymerization. (Understanding)

»  Explain the concept of conjugation in alkenes having alternate double bonds. (Understanding)

» Describe the mechanism of electrophilic addition in alkenes, using bromine/ ethene and hydrugen
bromide propene as examples. (Understanding)

o Use the IUPAC naming system for alkenes. (Understanding)

«  Explain the Inductive effects of alkyl groups on the stability of primary, secondary and tertiary cations
formed during electrophilic addition (this should be used to explain Markovnikov addition).
(Understanding)

-
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s Hydrocarbons is a class of organic compounds that consists of only carbon
Hydrocarbons are abundantly found in petroleum and natural gas.

e Uses of Hydrocarbons: They are frequently used as domestic and Industrial fuels, Geng,
hydrocarbons have many synthetic applications.

« Unsaturated hydrocarbons, especially alkenes, are used as the starting materials for a NUmbe,
industrial products. Most of the products in the form of medicines, plastics, perfumes, IJi?lvl'mam‘hI
their origins in hydrocarbons. "

* Classification: Hydrocarbons are broadly divided into two classes:

(i) Aliphatic hydrocarbons (ii) Aromatic hydrocarbons

aly,

ALIPHATIC AND AROMATIC HYDROCARBONS

2 Aliphatic Hydrocarbons s
The compounds that are not aromatic are called aliphatic hydrocarbons. Aliphatic compounds may
open chaln and cyclic, also they may be saturated or unsaturated. If there are only carbon and hydr,
atoms in an aliphatic compound, it is called aliphatic hydrocarbon. Alkanes are acyclic aliphyy,
hydrocarbons, whereas cycloalkanes are cyclic aliphatic hydrocarbons. Alkenes and alkynes are acy);. any
unsaturated aliphatic hydrocarbons. Figure shows some examples of aliphatic hydrocarbons,

H H H H H
H—%—H H—J2—+—H Ei H—C=C—}y
N R W
Methane Ethane Ethene Ethyne
H H; gz
c H.C——CH, PN HC™  eH,
A -0 7 T T0
HE H, H,C——CH, H,\—-C/H, e W s
H
Cyclopropane Cyclobutane Cyclopentane c‘;clohennu

Figure: Aliphatic hydrocarbons
Aromatic Hydrocarbons

Aromatic hydrocarbons is a special class of cyclic hydrocarbons that 3 e
have high carbon to hydrogen ratio and are based on benzene @ Rack Your Mind!
(CéHg) or resembling compounds. Benzene is the basic aromatic | 1. Mgu;ylbenunllsﬂsoalld;
compound and other compounds such as toluene and phenol are its A) Xylene B) Toluene
derivatives. Figure presents the structures of some aromatic €) Cyclohexane D) n-heptane
hydrocarbons.
CH, CH, - CH,
E ¢ Interesting Information
The term aromatic was derived from
HC/ \\-CH HC/ \\‘CH HC/ \CH the Greek word ‘aroma’ meanny
or ” ' " | ” I “fragrant® and Is used In omnc
HC CH HC chemistry for a special claw o
\C¢ \C¢CH HC\ ﬁCH compounds  (ar \pouns)
H H E having characteristic odour.
Benzene Methylbenzene Ethylbenzene

Figure: Some aromatic hydrocarbons
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NOMENCLATURE

m;or Paraffins (Latin Parum-Little, affins = affini

[kanes are saturated hydrocarbons with the general formula CH,,.;. Methane (CH,) Is the simplest
mber of this family. The homologous series of alkanes with condensed structural formulae and

cular formulae are shown in Table,

Al

o Table: Condensed structural formulae and molecular formulae of alkanes
JUPAC Name | Molecular formula | Condensed structure
Methane CH, CH,
Ethane CH, CH,CH,
Propane CH, CH,CH,CH,
Butane C.Hy, CH,CH,CH,CH,
Pentane CH, CH,CH,CH,CH,CH,
Hexane CeHyy CH,CH,CH,CH,CH,CH,
Heptane CH,, CH,CH,CH,CH,CH,CH,CH,
Octane CHyy CH,CH,CH,CH,CH,CH,CH,CH,
Nonane GHy CH,CH,CH,CH,CH,CH,CH,CH,CH,
Decane CioHyy CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,
|L Did You Know?
Butane is a fuel used in lighters. lsobutane is used a3 a propeliant in
praducts such as shaving gel
Alkyl Group:

The group obtained after the removal of one hydrogen atom from an alkane Is called an alkyl group. The
resulting alkyl groups are named by replacing —ane of the alkanes with —yl. Few examples are shown in

Table2 & Table 3. -
Table: alkyl groups, their names and abbreviations

Alkane Alkyl group Abbreviation
CH, Methane CH, = Methyl Me—
CH, —CH, Ethane | CH,~CH, - Ethyl Et—

For alkanes with more than two carbon atoms, more than one alkyl groups can be derived.
Table: Alkyl groups, straight chaln and branched and thelr names

Alkane Possible Alkyl Groups
1
CH3CH:CHa 'E E:OCHFC:ZL_ . CH,CHCH,
Dociaid pyl group isoPropyl group
P (Propyl) . (1-Methylethyl)
| p— |
CHCHCHCH:=  chcHlHeH, O g o2 H,C—C~CH,
CH,
HyCH;CH:CH; IsoButylgroup CH,
n-Butyl group sec-Butyl group {Z-Mait:yﬁrnn)‘l) tert-Butyl group
(Butyl) (1-Methylpropy!) (1,1-Dimethylpropyl)
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O Nomenclature of Alkanos
Branched chain alkanes are named according to the following rules
1. Locate the longest continuous chain of carbon atoms, this chain
determines the parent name for the alkane We designate the
following compound as a hexane because the longest continuous
chain contains six carbon atoms.

[H,.c—CH— CH— CH— CH—CHM, |

@ Rack Your ck Your Mind

1. Wite down names of the |
compounds  acording 1o Wpag
yrlem.

(8] (EMEMNEN  (b) [Cadg) e

The longest continuous chain may not always be obvious from the way the formula is written. Notice, o,
example, that the following alkane is designated as a heptane because the longest chain containg seyy,
carbon atoms,

(H,C—CH,— CH— CH~— e CH
CH,
cm
2. Number the longest chain beginning from the end nearest to the substituent. Applying this rule, y,
number the two alkanes lhoum ahove ll'l the lollomng way.
(1, c—-cn — CH— CH— f"
CH,

|
CH

M Sl

[H.c —CH,— CH/— CH— CH —CHJ
St

3. Use the numbers obtained by the application of rule 2 to designate the location of the substituent group
The parent name is placed last, and the substituent group, preceded by the number designating ity
location on the chain, is placed first For example

T L] L] 4 3
M,C — CH, — CH, — CH, — CH
|

IMethyiheptane

4.  When two or more substiluents are present, give each substituent a number corresponding to its location
on the longest chain. For example, we designate the following compound as 4-Ethyl-2-methylhexane.

1 2 ] . S L
H,C—l:.‘:l-'l —CH,— CH — CH, — CH,

4-Ethyl-2-methylhexane
The substituent groups should be listed alphabetically (1e ethyl before methyl) While deciding on
alphabetical order ignored multiplying prefixes such as “di* and “tri”

sCHOLAR & CHEMISTRY (11™) N
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g, When two substituents are present on the same carbion atom, use that number twice

CH,
HIC~CH,~ (}' “en~tm, ~'on,
CH,
&n,
3. Ethy! - 3 - mothylhexane

¢  When two or more substituents are identical, indicate this by the prefixes di, 1, tetra, and o on. Then
make certain that each and every substituent has a number.

i "
HC—CH - CH — CH, H,C-(I:H—CH—?H—CH, H,C~C—C~CHM,
CH, CH CH, CH, H,(.|‘. (I:H.

2, 3 - Dimethylbutane 2,3, 4 - Tnmethylpontane 2, 2,3, 3 - Totramsthylbutlane
Application of these six rules allows us 1o name most of the alkanes that we shall encounter. Two other
rules, however, may be required occasionally,

7. When two chains of equal length compete for selection as the parent chain, choose the chain with the
greater number of substituents

’
M,C—CH, -'(lzl-l —'(|:H -’?H -’(i:H ~'ch,
CH, ?H; CH, CH,
CH,

|
CH,

2,3,5 - Tumethyl - 4 - n - propylheptane

8. When branching lirst occurs at an equal distance fraom either end of the longest chain, choose the name
that gives the lower number at the first point of difference
" [} 4 3 1
CH,~CH—CH,— CH -’c|:H ~'CH,
CH, CH, CH,
2, 3, 5 - Timethylhexane (not 2, 4, 5 - Tnmethylhexane)

2 Nomenclature of Cycloalkanes

Cycloalkanes are named by attaching the prefic ‘cyclo’ 1o the names of the alkanes possessing the same
number of carbon atoms. Figure 113

CH, — CH, K,C-—-éﬂ—éﬂ. CM, —CH,—CMH,
? Cormmon name iwm
Evylcyciohasane  IUPAC name 1.Methy 1 |‘- Il.#M:um- ﬁmm
ﬂnrrmmquduhun
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' “iQ y | ~ohap Shapes of Alkanes and Cycloalkanes
| a) Write down the structural formulas for 2-methylbutane and 2,2-dimethylpropane. i ? : N
' Ans. 2-Methylbutane (Isopentane) | The carbon atom in an alkane has four sp* hybridized orbitals and forms four single bonds that are
! CHs = CH —CHz - CHs i equidistant from each other Figure. Alkane molecules have a tetrahedral shape around carbon atoms.
| | p carbon atoms in alkane molecules form sigma bonds
CH, l with surrounding carbon and hydrogen atoms,
1
| 2-Methylbutane ' As a result, carbon atoms in alkanes are surrounded
' 2,2-Dimethylpropane (Neopentane) | by 4 pairs of bonding electrons which equally repel
! CHs i each other to form 109.5° bond angles and a CC
I CHy— (I: — CH, . pond length of 1.54 A. The shapes of organic Mothans
' | | molecules are generally represented using ball and stick  sp’ hybnd tevrahedral
| CHs i formula. The shapes of some straight chain alkanes Figure: sp’ hybridised methane and ethane are shown
]
I 2,2-Dimethylpropane ; Yable: Shapes of = (.
s b)  Write down displayed formula of 2,3,3-trimethylhexane and methylcyclohexane. | —TGPAC name & : Shapes of some straight chain
! Ans. 2,3,3-trimethylhexane i Molecular Formula Structural Formula 3D Structure
: CHs v A
i CH, - (I.':H -C|‘.- CH; = CH; = CH, ! Methane CH, H—A—H » z
: CHs CHs ! | i
. Methyleyclohexane | s H H .
] CHa ' ] | -
A | Ethane C,H, H—C—C—H L
| i . C L
L]
| €) Give two differences between molecules of cyclopentane and pentane? i T H H L= .
' Ans, é é ]
(]
! 1. Chemical Formulas | Propane C,H, H_?'— et : & /{N&L
| Cyclopentane: CsHio, Pentane: CsHy; : H |-|| I!l
' Pentane has two hydrogen atom more than cyclopentane. ! F— =
| 2. Structure I AR S Sy -
i Cyclopentane: It is a cyclic (ring-shaped) molecu}:e with five carbon atoms forming a closed ring i Butane C H,, H—é—i——é—é —H & k& &. .
i Ao ‘ .y \ e 4§
" .
i ‘CX C/CH" ! (ycloalkanes are cyclic, meaning that the carbon atoms of the molecule are arranged in the form of a ring.
| HE—CH, [ Cycloalkanes are also saturated, meaning that all of the carbons atoms that make up the ring are singly bonded
i 3. Pentane ' to other atoms. The structural shapes of cy::op:pane;gdo:t:::e and cyclopentane are shown below (Table)
CH; = CH; = CHz = CH2 ~CH» | Table: Shapes of few kanes
i o S ; IUPAC name & Molecular formula | Structural formula | 3D Structure
1. =
; CHy i Cyclopropane CsHs f
' A pentane is a straight chain or branched molecule. 1 i " . %
| d) Eicosane is a straight chain alkane whose molecules contain 20 carbon atoms. What is the molecular | . . v
’ formula of elcosane? i HC CH, .
! Ans. The molecular formula of eicosane (a straight-chain alkane with 20 carbon atoms) is: § Cyclobutane CiH;
| CacHaz [ He—cH, | &
' Explanation: ' " “ 1S
| General formula for alkanes: C.Hzn. | e /CH,
i Forn = 20: i Cyclopentane CiHyo ! ﬁ’ / o
i b Ao POV TDL o e s i it BRRREL. HC . .
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REACTION MECHANISM AND MODES OF BOND BREAKING

Fazcre mETansT ST s2res of Seps 1hat Sk piace 1 the cowrse of the overall reaction. Like 3l chemica! reacion
SFEENIC 2RCOrS rvoine T Dreserg of chemical Donds There are two ways 0 which covalent bonds can breaic
(2] Hormchyse Fission (Homobysis)

Homolytic Scson occurs when the covaient bond breaks evenly o produce free

radicals. Free Radical g;
specss tThat comiams 2n ungared slectron and s very reactive. Free radicals are extremely reacte
Berause of the tergency of unpaersd eieCirons 10 become paired

[Homoiytic Cleavage |

)

-—

A omciysa A + B

¢

‘\‘
Ct—Ct ——

3

Figure: Homoiylic fission and free radical formation
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""';;—;m_;c Fission (Heterolysis)
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Figure: Haterohytic fission 2nd formation of radical isns

UNREACTIVE NATURE OF ALKANES TOWARDS POLAR REAGENTS

s zieanes of parzfing [L2tine parum = little, affins = affinity) are inert towards acids, alkalis, oxidzing and
reducng 25801S Lunder ordinary condition

n Non-Polar Nature

g

Tre lack of reactvity of 2lkanss under normal conditions may be explained on the basis of the non-polarnity
of the bonds forming them. The electronegatanty values of carbon [2.5) and hydrogen (2.1) do nat differ
a::-:_ ably and the bonding eizctrons between C—H and C-C are equally shared making them simost
ron-polar angd generally unreactive

lrmtness of 2 Sigma Bond

The unreactive nature of alkanes can aiso be explained on the basis of inertness of a sigma bend. In 3
ightly held between the nuclei which makes it a very stable benad. A lot
of energy is reguired to break . ez, C~H bond energy is about 212 kW/mol.

|%DldvouKnm sl

groduces (0. 3 greenhouse 33 Contrdutng 1o ciimate change
N reieaee arbon monowde (C0) and partculate matter, which
Fave $enaus Peath and envronental onsagUETCES.

REACTIONS OF ALKANES

o

sigma bond the electrons are very t

Under high temperature or suitable conditions, alkanes undsrgo two types of reactions.
i Tharmal and Catalytuic Reactions, e.g., Combustion and cracking
i Free radical substitution reactions are the reactions that involve replacement of one atom, or group of

atoms by another through the free radical mechanism.
-

Describe the free radical halegenation of methane using Cl; as an example.

S Free radical Substitution Reactions

Substitution reactions of alkanes take place in the presence of light [ . . . o hislogeration ot alkanas

enargy through the farmation of highty reactrve free radicals. depends upon the concertration of X3

Example: used.

Halogenation:

* The substitution of a halogen atom with 3 hydrogen of an alkane, called halogenation

¢ With Chlorine and Bromine: Alkanes react with chlorine and bromine in the presence of sunlight or UV
light resulting in the successive replacement of hydrogen atoms with halogens.

e

v
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QUICK CHECK N3
", wwhy alianes have high stability?

smabity of Alkanes Is due to:

strong C—C and C-H Bonds:

=zh bond dissociation energies (e.g., C=C 348 ki/moal, C-H: 413 W/mol]
Monpolar Bonds:

o
E 3

-
-

glectrophilic/nucleophulic attacks.
3. Saturated Hydrocarbons:

4. Tetrahedral Symmetry:

sp” hybndization minimizes steric strain and electron repulsion.
5. Ilmertness to Common Reagents:

5. Combustion Requires High Energy:
N22d strong ignition sources (e.g., heat/sparks) to break stable o-bonds

's What are major types of reactions that alkanes undergo?
™
1 Combustion:
1 Halogenation (Free Radical Substitution):
i Cracking (Thermal Decompasition):

4 Isomerization:

5. Reforming:
Converts alkanas to cycloalkanes/aromatics (e g., hexane —» benzene).

2 How the termination step occurs in the halogenation of alkenes?
dex. S22 Free Radical Substitution Mechanism of Alkanes: (ui. Termination Step)

Aares

L Excess Alkane (Low Halogen Concentration)

L Non-Selective Free Radical Mechanism
* Initiation:

W/
Ny——a X

387
Z"9 Trcnicromethane is 3lso known as chiorgform. Tetrachisromsthane 13
known 25 Carbon tetrachlonde and it is used s "€ 15| 1) mnsresting intarmationt
gy = sl 35 2 non-polar inert solvent. Haca wames are
Furmer sUOSIuton  Further substtution Further substeyton srecsthetic » nutse. The
o Clradesl with Clradeal wn Cl racical arey ”-"“ power of a

raicaluane wcTeases with
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crgan wchvents i lab o
strictly monstored due 1o
thew toac nature

o™

cr
Ct —= CHCL —= CHCL, —= ccy
gl Dichicromethane Trchioromemane Teracrigromethare
S — T — — o— " — i — o o
e

Eectronegativity difference between C and H is negligible (AEN = 0.4), making them resistant 1o

O=ly single bonds (g-bonds) with no reactive n-electrons (unlike alkenes/alkynes).

Unrzactve toward acids, bases, and owdizing agents at room temperature.

Conclusion: Stability arisas from strong. nonpelar, single bands and lack of functional groups

Burns in oxygen to form CO; + H;0 + energy (2.2, mathane CH, + 20; —» CO; + 2H,0).
Reacts with halegens (Cly/Br;) under UV light to form alicyl halides (e g, CHy = CL; —» CH,CL + HCL).
Breaks into smaller alkanes/alkenes at high temperatures (e g, CiaHyy — Cythyy + CiHa)

Converts strasght-chain alkanas to branched isomers (catalyzed by acids/metal catalysts)
Conclusion: Alkanes are unreactive except under extreme conditions (heat/light).

£ Swate the conditions under which a mixture of halogenoalianes is obtained from the halogenation of
ks, 2 mxture of halogenoalkanes is obtained during the halogenation of alkanes under the following conditions:

Prevents complete substitution, yie'ding mono-, di-, tri-, etc., halogenated products.

o
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I = "7 °" Propagation: R‘n\
' fH 4 X R" 4 HX
! R+ % $ RX + X" :
| = Multiple substitutions occur as any remalmng C-H bonds can react further. |
' 3. No Controlled Stoichiometry 1
| Halogen (CL,/Br;) reacts randomly with afanlable C - H bonds, producing mixed Prog I
' CHyCL, CHCla, CHCL,, CCL, from methane). s (g, ¢
! 4. Example (Chlorination of Methane): !
| CHa—"", CH\CL + CHyCLy + CHCL + CCLe + HCL |
1 @)  Predict the products of the free radical chlorination of ethane. ¢
| Ans. '
i 1. Monochlorination: l
| Chloroethane (Ethyl chioride) !
i CHyCHy + Cl —22%, CHyCH,CL + HCL |
' 2. Dichlorination: 4
| 1,1-Dichloroethane |
' CHyCHCL + Cly ——» CHyCHCL, + HCL |
| 1,2-Dichloroethane :
i CH3CH,CL + CL; — CHyCLCH;CL + HCL [
. 3. Trichlorination: '
| 1,1,1-Trichloroethane !
' CHCHCL; + Cl, —— CHyCCL; + HCL |
| 1,1,2-Trichloroethane '
' CH,CLCH,CL + Cl; ——» CH,;CLCHCL; + HCL |
| 4. Tetrachlorination: !
i 1,1,1,2-Tetrachloroethane !
' CH,CCL, + Cl; — CH,CLCCL; + HCL |
| 1,1,2,2-Tetrachloroethane '
' CH;CLCHCL; + €Ly — CHCLCHCL; + HCL I
I 5. Pentachlorination & Hexachlorination: '
' Pentachloroethane (CHCL,CCLy) !
| _ _6. Hexachloroethane(CClCCl) L o 4

ALKENES
Alkenes are unsaturated hydrocarbons, unsaturated hydrocarbons are compounds of hydmgen_;
carbon only whose molecules contain carbon to carbon double bonds (or triple bonds). Alkenes have te
hydrogen atoms less than the corresponding saturated hydrocarbons.

2 Nomenclature of Alkenes

The IUPAC rules for naming alkenes are similar in many respects to those for naming alkanes.
1.  Select the longest continuous chain that contains the C = C as the parent chain. Change the ending of )

name of the alkane of |denlicaf length from —ane to —ene, e.g.,

,C —_ CH —CH,
] 5 4
H,C—CH, — CH,—C Gl CH,
3-n-Propyl-2-hexene

2. Number the chaln so as to include both carbon atoms of the double bond. Numbering begins from thee3)

nearer lo the double bond.
CH,
] SI 4 3 - | 1
H,C —CH — CH,— HC == CH — CH,
5-Melhyl-2-hexene
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pesignate the location of the double bond by using the number of the first atom of the double bond as a
preﬁl.

1 2 3 < 1 2 3 4 5
HC=CH — CH,—CH, HC ==CH—CH — CH — CH,
1-butene 1-pentene

indicate the locations of the substituent groups by the numbers of the carbon atoms to which they are
madled.
i it
1 2 3 4 5 6
. . HC —C o —CH, — C—CH,
HC — C == CH —_
o CH,
2-Metnyl-2-bulene 2.5, 5-Trimethyh 2. nasene
if the parent chain contains more than one double bonds, they are alkadienes for two, alkatrienes for

three and so on.
[Enrcm' La :

= pescribe the following methods for the preparation of alkenes:

j) Dehydrohalogenation of alkyl halides Ii) Dehydration of alcohols
g
» Preparation of Alkenes

Alkenes are prepared by the removal of small atoms (H, OM, X) from the adjacent carbon atoms of the
saturated compounds, so as to create a double bond between carbon atoms. These reactions are known as
elimination reactions.

In such reactions, a small molecule such as H,0 or HCL, is removed from adjacent carbons in an organic

molecule. Preparation of ethene through various methods is being discussed below.
i) Dehydration of Alcohols
Ethene is prepared by heating a mixture of ethanol and excess of concentrated sulphuric acid at

180°C. The reaction involves the removal of a water molecule from the alcohol molecule,

CH,CH,OH-—,"‘_‘%I—.Q{, =CH,+H,0

] tranal [ihare -
In the first step, ethyl hydrogen sulphate is formed which decomposes on heating to produce ethene.
CH, —CH,0H+H,50, —='€ , CH, —~CH, —0S0,H+H,0
CH, —CH,050 H—="3 H,C =CH, +H,50,

Dehydrohalogenation of Alkyl Halides
On heating, ethyl bromide with alcoholic KOH, ethene is formed. Removal of hydrogen and halogen
takes place from adjacent carbon atoms to create a double bond.

H,C—CH, =Br+KOH,_, ., —»H,C=CH, +KBr +H,0
H,C—CH,—CH,—Br + KOH ——— H,C—CH =CH, + KBr + HO
Physical Properties
I. First three members i.e. ethene, propene and butene are gases at room temperature while C, to C,,

are liquids and the higher members are solids.
il. They are insoluble in water but soluble in alcohol.

li. They have characteristic smell and burn with luminous flame.
_lv. Unlike alkanes, / Alhenes show weakly polar properties because of sp' hybridization

{l_] QUICK CHECK 1.4
3) Give the reactions of propanol with H;S0., write down all the reaction involved.

|
|
i s,
i
|

i)

1. Dehydration to Alkene (Elimination Reaction)
Condition: Conc. H;S0,, heat (170 °C)
CH3CH2CH20H—22%4 , CH3CH = CHa + H20
Propene (alkene)

Reaction:

= -— - —— —




