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10.1 Some definitions:
Oxidation-Reduction reactions (redox):

They are processes involving transfer of electrons between the h

Vol i
umetric methods based on electron transfer are more

numerous and more variant than t
A

reactants.

hose for any other reaction type.
Oxidation : 'lihe loss of electrons by substance which terminates with %™ A

ﬁ
increase in oxldatmn number. ‘
1

Reduction The gain or acceptance of electrons which terminates with A I

decrease in 0x1datlon number.

In any oxidation-reduction reaction, the number of electrons lost by

species is equal to the number of electrons gained by the other. This fact |

should be taken into account when balancing )a<0xidati0n-reduction A

reactions equations. il
q ]J{" @ N

Oxidising agent (or oxidant) .r'fhe material which has hngh\afﬁmty to /)
electrons i.e. it is the material Wthh accepts the electrons given by reducing

agent, thus the oxidant is reduced. FAas i

Reducing agent (or reductant) : /l‘he material which has the[affinity to A

donate electrons to oxidising agent, thus the reductant is oxidised.

———

Therefore, the oxidation-reduction reactions involve the transfer of

electrons from reducing agent to oxidising agent. The oxidising agents and
reducing agents are varied from each other in their strength, i.e. their

g have high ability t
chemical activity. So, the strong oxidising qoegzi ave high ability to accept A

the electrens. They have the capability to remﬂave ot gain the electrons from

£ 10t
reducing agents even/they are wea
agents h@ot the ability to gain the electrons unless the corresponding ,(

\ 191

iy

k. Onftb)ther hand, the weak oxidising 4
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¥ 3
/\ reducing agents are strong enough. The process.of IOS?O‘. gaining electrons

: i n affinity.
by an atom depends on its ionisation potential and its s o

10.2 Oxidation number.
It is deﬁﬁed as the number which refers to the atom or the element
valence whether it is free or combiww“d- The oxidation
number may be positive or negative or equal zero. The oxidation number
,L marepresenting the actual valence of the atom or element.
There are some rules which should be followed to calculate the
oxidation number:
1- The oxidation number of the free atom or element equals zero, such
as Na, Mg, Ba, H,, and Cl,, all their oxidation numbers =0 .
2- The oxidation number for simple ion equals its charge whether it is
negative or positive. Therefore, the oxidation number of Fe** = +3,
Zn" =+2,Br'=-1,Sn"=+4,8" = 2, H' =+l and I =1 .....etc.
3- The oxidation number of oxygen in its compounds = -2 except for
/< peroxidef) the oxidation number =

equals +2 such as OF, .

-1 and in fluoride compounds

4- Oxidation number of hydrogen ion= +1 except in hydrides where

the oxidation number equals -1 such as NaH and CaH, .

: S- The algebric summation of the oxidation numbers of all atoms of

the compound equals zero, such as KMnOy: +147-8=0 and K;Cr,0;:
|  42+412-14=0.

6- The algebric summation of the oxidation numbers of all atoms of

the ion equals the charge of the j 10ns such as SO4

+6 -8 = -2 and
MnO.; +7 -8 = -1.

192
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0.3 Balancing of Oxidation-reduction equatio
ns.

Equations of 0x1datlon-reduction reactions 1
are ¢

i early dif
other equations. Therefore, rly different from

two ]
methods are available to balance these

Each e i : —
quation containg oxidising and reducing agents and other

i uch as t -
species S he neutral or acidic or basic medium and/tfe( water
molecules. ‘g

10.3.1: Oxidation number method:

It involves writing the complete equation which contains all the
reactants and products. The elements which are reduced and oxidised are
identified. The change in oxidation number for each element is calculated in
both sides of the equation.

The number of accepted electrons is balanced with the number of
donated electrons and finally the equation is balanced relative to the other
atoms on both sides of the equatioﬁ.

Example(1): Reduction of FeCl; by SnCl, :

SnCl, + Bl ly =——=r" SnCly + FeCly

+2 -2e_ +4
| (oxidation) . 12)%2

(+3 (reduction)

£ .
[Me mole Ofﬁ»gﬁfcing agent (SnCl;) donates two electrons while one
s te e

mole of FeCl, (oxidising agent) accepts one electron. The accepted electrons

should equal the donated. clectrons, therefore, the change in oxidising

Number of Fe should be multiplied by 2 to balance the equation as follows:

SnCl, + 2FeCly —— SnCls+ 2FeCl
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Example;Zl:
HNO; + HS ———> NO +§ + H;0

+3e

+5
(reFuction)

+2)%2

2 —=2e x3
( (oxidation) o)

2HNO; + 3H,S 2NO +3S + H,0

wKo .
& The final equation takes(iﬁ consideration the number of molecules of

water:
2HNO3 + 3H2$ — 2NO+3S + 4H20
Exam ple(3):

KMnO, + Na,C,04 + H,SO; —» K,S0, + MnSO, + 2CO, + Na,SO,4 + H,0

( +7 +5e
(reduction)

+2)X2

2¢
(+6 - (oxidation) +8)x3S

2KNID04 + 10N32C204 + HzSO4 e KzSO4 i 2Ml’lSO4 ¥ 10C02 + N32804 + Hzo
The final equation should consider the number of SO~ groups on both
sides and the number of water molecules:

2KMnO4 + 5N32C204 + 8H2804 = KzSO4 + 2Ml’lSO4 & IOCOZ + 5N2.2804 + 8H20

Example(4):

2Na,S,05 + L —— NaIS4O6 + 2Nal

-2e
8 l (oxidation) +10
+2e 2
(reduction)

The donated electrons equal the accepted electrons,
should be

The other atoms
balanced to write the equation in its fing] form:

2Na28203 +hy—— N2,8,04 + 2Nal

- 154
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10'3‘2; Jon-electron method:

This el OIS Writing the Complete equation into tw ”H If .
o ha

cquations: one of them includes the oxidising agent and the other includes

the reducing agent. So, in order to balapce the equation according to this

method, the following steps should be considered:

1- Writing the half equation which includes the reactants and products.
2- Each element should be balanced on both sides (except hydrogen and

oxygen). .

3- The oxygen is balanced by ﬂddigfﬁ one water molecule for each /(
oxyggn atom on the opposite side. Hydrogen ions are used to balance
hydrogen atoms in the neutral and acidic medium. In basic medium,
oxygen atom is balanced by ad(i‘lj?o/nﬁv?ter molecule to the same side /«
of the equation and 20H ~ to the other side. If there is unbalance in
hydrogen atoms, hydroxyl group (OH ") is added for each hydrogen
atom in the same side and one molecule of water to the other side.

4- Charges on both side"are balanced by add\lf%ﬁﬁlot\egral number to /<

=

one side of the equation.

b
5- Each hal equiltion is multiplied by a suitable factor to balance the
accepted electrons with the donated electrons.

6- The half equations are summated/_g\ﬂd/ the similar elements are /(

summarised and the electrons are cancelled.

7- The final equation is accurately inspected to balance each element

atom on both sides.
Example(1): Reduction of FeCly by SnCl :
SnCl, + FeCl; — SnCly+ FeCl
Su’" 4 Fe?* « Sn'"+F e’

(@) Sn*t — > Sn*"+2e

WPt 4 1e— » Fe

oxidation equation
reduction equation

L A A —
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Equation (b) is multiplied by 2 and added to equation (a) to get the

final equation:
Sn** — > sn**+2e

2Fe*t +2¢ — . 2Fe*t Summation

Sn¥* + 2Fe3* ——» sptt + 2Fe?t

Examgle(Z ):

HNO; + H)S —— NO +S+H,0
(@) HS ——8§ oxidation equation ,
(b) NO53~ NO reduction equation v

'( Hydrogen atoms in oxidation equatiomd:

H,S — > S+2H"

oxidation equation

Hydrogen and oxygen atoms in reduction equation are balanced:

NO; +4H — » NO+ 2H,0 reduction equation

'L Charges on both sides of the equations are balanced by add}t‘}gn
/\ A_certain number of electrons:

H)S —  » S+2H" +2¢

NO; +4H" +3¢ ———» NO +2H,0

Oxidation equation is multiplied by 3, and reduction equation is

f \ multiplied by 2, and thw added:
3H,S — 35+ 6H" + 26

2NO; " +8H' + 6e —» 2NO + 4H)0  Summation

3H,S +2NO3 +2H" ————3549NO + 4H,0
The final equation is:

3st + ZI"iNOs — 3S + 2NO + 4H20
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k A}alw"
pramplel)

2,C,04 + H,SO
03 + NazC204 + HSO, — K80, + MnSO, + Na,50, + CO, + H,0
i C204 T — 2C0, oxidation equation

()Mn04 +8H ——» Mn?* +4H,0

Chapter Ten/ Oxidation

-Reduétion Titrations

_ reduction equation
Charges are balanced on both sjides by addifx%’nﬁu?table number of /(

electrons:
CZodz- —_— 2C02 + 2e

gw
MnO4 + 8H++5e -——»-Mn +4H20 W“)
The number of electrons ar/ balanced /in both equations ;nrd/ /(

7
@éﬁh

5,04 ———» 10CO; + 10e
IMnO; + 16H" + 106 ———>2Mn"" +8H,0

h IMnO; +5C,04 + 16H—=2Mn"" + 10CO, + 8H,0

The final equation is:
IKMnO, + 5Na,C, 0 + 8H,SO, —> 2MnSO, + K;SO, + 5NaSO, + 10C0O, + 8H,0

Example(4):

) - idati uation
(2) 52032 — 540 oxidation eq

(b) [, — » 2I reduction equation

2,0, S,06" +2e

L+ T

e ———————
—

19,0," +1, — 85,0 + 21

The final equation is:
2N323203 +; —— NﬂzS406 +21
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 Riaebtuah Chemistry | Chapter Ten/ Oxidation-Reduction Titration,

10.3.3: Balancing ?{ oxidation-reduction equations in basic media,

Example:

KClO4+Cr — ;. KCr0, +KCIO3
@)Cr® —» CrO; oxidation equation

(b) ClOy ——» ClO5 reduction equation

/( 2H,0 is added to the right side of oﬁf'(/latlon equation and 4OH ™ to the left,
K 20H " is added to the right side o[/r/ uct:on equation and H,O to the left side.

Cr°+40H"

CrOy + 2H20
ClO4 + HO——» CIO; +20H"
Charges are balanced on both sides:
Cr’°+40H" ———» CrO, +2H,;0 + 3e
ClO4 + H,;0 +2e——— ClO3 +20H"

} The number of accepted and donated electrons gé'e balanced:
|

2Cr°+80H—— 2Cr02 + 4H,0 + 6e
3ClO4 + 3H,0 + 6e ——3Cl0; + 60H" summation

3Cl04 +2Cr® + 20H ——» 3ClO3 +2Cr0;" + H,0

The final equation is written as follm\gi}é:
3KCl04+2Cr + 2KOH —— 3KCIO; + 2KCr0O, + H,0

s
IK The equation is balanced byﬂidation number as followg)n/g:

KCIO4 + Cr+ KOH —» KC103 + KCI‘OZ + Hzo

|

+2e
(+7

I reduction

+7) x3
-3e
(o , oxndatlon

+3) x2
The final equation becomes:

3KClO4+2Cr +2KOH —— 3K (IO, + 2KCrO0, + H,0
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10.4 Electrochemical cells:

The electrical ¢ i
urrent is defined as a flow of electrons or transition of

rons. Therefo e g
elect re, the oxldatlon-reduction reactions are reactions at

which the electrical current i generated and transferred from/;:ﬁucing

agent into/oxidising agent,
. _ A
If a strip of copper is partially immersed in%opper sulphate solution,
the copper 1ons migrate and are reduced at the surface of copper
5 pper.
Cu’ +2¢ ——— CU(S)

7“7~>\

Meanwhile, an equivalent quantity of zinc is oxidised and dissolved in
the solution.
—_— an+ + 2e

Zn(s)

The overall process is given by the sum of these half reactions:
Zng + Cu™" Cus)+ Zn®*

or Zng) + CuSO4 =——=7ZnS0,+ Cu

The reduction of ferric chloride (FeCl;) by stannous chloride (SnCl,)

can be expressed by the following reaction:

2FeCl; + SnCly =——=2FeCl; + SnCl,
or 2F*t + Sp?t =—= 2Fe*t + Sn** £

Therefore, one gram atom of Fe(in) (55.85g) requires/96500 coulombs

(orftfaraday) in order to be reduced to Fe(u). Also, one gram atom of Sn(r)

requires 2X96500 coulombs to be oxidised to Sn(1v).
Figure (10-1) shows two beakerg;one of them contains SnCl, solution ,(

and the other contains FeCls solution. Both solutions are acidified with

dilute hydrochloric acid to increase their conductivities.

i in plate of platinum is immersed to behave as
In each solution, a thin p P bR [

elecirodes whizh are connected externally by a [cable involving millimeter A

h e . i e
and internally by saltbridge which ;§/g‘l2153 tube in the form of inverse anc/_ £
aturated with KCL

contains gel or gelatin s
199
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The advantage of this salt bridge is to connect the two solutions |

without mixing them.

When this cell is closed, the current is clearly transferred from SnCl,

solution to FeCl; solution as shown in figure 1)-

ki
7, A8
¢
o
.

¥ 1
e 4

2

330

o

Pt plate

Pt plate |

- i
;.w-.l* W

i /
A B p s 2nsiiy g ® Rty pi

A0
\

"&) involves the transition of electrons from SnCl, to FeCl; solution.

v

Bk A

After a while, Sn*" ijons can be detected in beaker A and Fe®* ions in
beaker B. If KI in beaker A is used instead of SnCl; as a reducing agent, the

current is also transferred and the solution becomes yellow indicating the

g e, RSO M B e e, TR L AT

oxidation of 2I " into I, .
2 — Iz + 2e

2Fe>t + 26 —= 2Fe?t

I, + 2Fe?"
yellow

2Fet +2I°

R RN S NI L ok

BT o e : < A

The platinum plate in beaker A is called the anode and that in beaker

Y rre
VL et

B is called the catB(ode. The current is transferred in the above electrical
& cell as a result of/electromotive force (EMF) which is generated as a result
}’\ of / hémical change of oxidation-reduction reaction (or as a result of

A [ difference potential between the electrodes).

T PR A et T
DA e LGRS

ey
e e Y R e s
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0.5 Types of electrochemical celjs:
051 Galvanic cells (Voltaic cells):
They are cells at which a chemica] reactio

ical energy is chan i ;
chemic gy geg:él}o electrical energy.,

Galvanic cell is ’:;Xe

nﬂtakesplace where the

to Luigi Galvani and voltaic cell is d):€ to
A|essandr0 Volta who had discovered this type of cells

The reader finds the following gmupfof galvanic cells:
r )

10.5.1.1 Daniel Cell
This cell consists of two electrodes;one of them is a rod of zinc
immersed partially in zinc sulphate solution. The second electrode is a rod
; ) A
of copper immersed partially in‘copper sulphate solution (Fig 10.2). The
clectrodes are connected by a conductive wire such as copper wire

connected to milliameter or millivoltmeter. Both solutions are connected by

o salt bridge made of potassium chloride. When the circuit is closed, the

following reactions occur:

The zinc rod is oxidised to give zinc ions which transfer into the
solution and the emitted electrons are transferred across the copper wire
g, —— Zn?t + 2¢ .

2
7[.Zinc rod becomes the positive electrode. On/)ther electrode, the copper

e
ions in the solution are reduced and precipitated on the electrode.

Cu* +2¢ — Cuy

The copper electrode becomes the negative electrode. The total

reaction is:

Zn ) + Cu2+ —_— Zn2+ + Cu (s) ‘
its work (oxida;ion-reduction reaction) until ali

The cejl ¢ontinues in

/Zn is consumed and dissolved i1

the electrode and then the cell has consumed all its energy.

201
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Salt bridge

:| Copper rod
i (Cathode)

%
- 2
Zinc rod f ]
(Anode) £

e i Fb b s Tfisi
ZnSO, Solution (1M) 'ZV\/'Z z(+ ’J l 7 O CuSO, Solution (1M)
7 n (i MN(
A %V(/‘ Zn(s)+Cu——L )Zn2++Cu(s)

Fig(10-2): Daniel Galvanic cell

10.5.1.2 Wetson standard cell

The negative electrode consists of two phases of cadmium amalgam

A (about 12.5% Cd W), : « Pasfe 50
‘;\ Saturated cadmium sulphate is in contact with excess of its solid +|;t/j
o

Lo Ve
crystal to insure saturation in different temperatures. It ismd@

with Hg,SO,. The cell is designed as glass device in H form (Fig 10.3). .;‘” L/‘

The activities of the participated materials on the electrode reactions 15t
<

are constant in any given temperature. Therefore, the voltage difference is

constant since all the solutions are saturated. C’;ﬁw

; g
Saturated CdSO,. So]ution/. 1 \\

Saturated CdSO, Solution

D
Ir=—=——==masas=s

.........

CdS0, Solid Crystals

i me i

CdS0, Solid Crystals

Cadmium amalgam
12.5% (wt/wt)

0{//\ —~Cd (H9)/C450, 3
_gjjﬁa_wistofn’;'tggdaiﬁtﬁ( [/ HgeSou, JHg T

Galvamc cell).

Paste of Hg,S80,+Hg
Mercury

202
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electromotive force, Byt the cell retains jt
its e

al solubili Tihyes
sever ity equilibrig, The cej) should pe kept from high ch .
¢p igh change in

anges,

temperatures especially the sudden ch

10.4.1.3 The lead accumulatoy:

It is"called also lead battery (or car battery). It i b

uid cell. Tt i . It is galvanic or voltaic
liquid cell. It consists of two sroups of plates or hollow plates. The first

group is filled with PbO, and the secong gﬂﬁﬁ is filled with spongeous lead.
Both groups ar
groups are immersed in sulphuric acid (30% /). When both groups

rt..l..
are connected by (mtable circuit, the electrons are flowing from/fead plate

to PbO; plate. The following changes ,a):/e/occur/d'm this cell in order to
keep the potential variance at 12 volts.

On the cathode (PbO; electrode):
PbO, + 4H" + SO* + 2¢e — PbSO, + 2H,0
or Pb** +2¢ — » Pb**
On the anode (Pb electrode):
Pb+ S0 — > PbSOy4+2e
Or Pb — » Pb*"+2e
As a result of this va riatioqs/the plates will be covered with PbSO, and

the concentration of H,;SO, will be lowered in addition to its specific

Fe occuty’,{d gradually depending on(lfequent use

gravity. These changes a]
atic diagram of lead accumulator involving

of the cell, Fig (10.4) is a schem

six plates.

203
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THROUGH THE
YENT RO PARTITION CONNECTORS  TAPERED .

TERMINAL POST

= . POST STRAP

3 &%) |- PLATE LUGS /\
«

|- posmvE pLATE P }9

3 -y
A%
oy

ENVELOPE
-1 SEPARATORS

wy
\
A\
Wy

A
¥

Xy
AR
A\

Aw
—

N

- NEGATIVE PLATE ](

rbor

W
ELEMENT RESTS

%ﬂﬂ( (¢ Anode) Pb /p +"}7" Tpbut,pht t (4F kot )

Figure(10-4): The schematic diagram of lead accumulator.

If a sufficient voltage difference is used in opposite directions for the
current flowing, the former reactions can be reversed.
The charging process of this battery should be done periodically if it/is’
/L ~wanted for the battery?to continue in its electrical energy. The electrical

energy is then stored into chemical energy:

discharging
Pb + PbO, + 2H,S0, = PbSO, + 2H,0

charging

Every pair of plates (one of them is Pb and the second is PbO,)
LY
/\ produces/éotential equals 2 volts. Most ol]?cars use batteries of 6 volts or 12

volts.

10.5.1.4 The dry cell

Ik It is/c;l@ Leclanch's cell, It /fs/ consist}é of graphite cathode

!\ surrounded \;i'(h paste of NH,Cl, ZnCl,, carbon black, starch and MnO,

(to forbid polarization). The whole components of the cell is covered with
A zinc coyer which behaves as anode.

204
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When the cell is working, the following reactions take place:

ode:
On the an .if " Lup(—
The zmc/llsso]ved (OXIdised) in the solution and },é'ft/ the electrons/on 4
the surface of zinc:

n —> Zn*t + 2¢
On the cathode:

The ammonium ions are discharged (reduced) from graphite which

conducts the electrons:

INH, +2e —— 2NH; +2H"

-«—— acover of bronze :

cover made of zin¢ —= graphite (Cathode)

paste of MnO, + C {

Solid paste NH,Cl,
ZnCl,, Starch (Anode)

AR RN
(ER RN AN RN NTETY)

............ -

2
AATA I IA IS TS5 , L
ZnjTntt ) apiy NP P e— @2 K]
Fig(10.5): Longitudinal section of dry cell.

The action of MnO, is to prevent the formation of hydrogen bubbles

on cathode by oxidati‘gz hydrogen ions into water: k

2Mn02 += 2H+__——--> Mﬂ203 + H,0 {

Ammonia is distributed through the electroiyte and cqmbincd with

Z"CIz to form the following complex:

NHy + Zncl, —» Zn(NH3):Ch

205
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/< Although the emf of the single cell is 1.5V, Pu/t higher voltages are

respectively which is 4

obtained by connecting a series of cells
Battery.

L This cell is characteristic with its suitabilityr‘i;t)iyorking and it is easily

/\ carried, connected, transferred and used whateve

)< irreversible and rejected after usﬁlgj( (discharging).

r is needed. This cell is

10.5.2 Electrolytic cells

The electrolytic cells are defined as the cells which could not be

“operated unless they are provided with an external source of electrical

energy. The Daniel cell which contains positive zinc electrode and negative

copper electrode can be operated as electrical cell when it is connected with

a source pf electrical energy such as battery or external circuit of electrical
energy. In this case, the process is reversed and the elec?rons are forced to
flow in the opposite direction through the cell. Therefore, the copper
electrode becomes the positive electrode and the zinc electrode becomes the

negative electrode. The reactions on the electrodes are reversed and zinc

would deposit and copper would dissolve.

Zn?t +2¢ —— Zng, on negative electrode.
Cu Cu®* +2e on positive electrode.
©) ¢« N
ALY I
/{ The over all reaction becomes:
2+
Z[l2+ + Cll(s) ZH(S) + Cu

This process would consume energy from the battery or any type of
ill

’L external energy. If the above reactions are carried on, all copper W

dissolve and all zinc will deposit. ‘o
o
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10.5.2.1 Downs cell

It is another example of the electrica] cell whic

energy to be operated.

=2
-
(2]
L
=
H
(1]
7]
0
-
—
o
=
-
0
—
R

1 R A R e e

This cell represents the electrolysis of fused sodium chloride

A sodi .
Solid sodium chloride is non-conductive although the ions can be found

rotating about the constant centers because they have no free motion in the F

crystal lattice of the salt. But jt wasm"- A
18 Y that fused NaCl
fatlabl

0 .
(fused at 801°C) is an excellent conductive/because the ions are free by ’( *'

moving and transferring.

If we have two graphite electrodes, they constitute the electrodes of the

cell connected to an external electrical current. Both electrodes are
immersed in fused NaCl which has been heated at/t—eq\mperature above K
801°C. When the electrical current flows through this cell, the following

reactions occur on the electrodes:

L A I e DA AR it ol e 3803 e % L i

1- Liberation of grecnish-yellow gas of Cl; on the anode as a result of

oxidation of 2CI1™ to Cl;:

S s sl

oL

2C ——— Clz ©® + 2e

Q
2- The reduction of Na® on the cathode to formﬁ:)dium metal which ’&

B e o S Mgl

goes up the surface of fused NaCl ( because of its lower density).

2Na* +2¢ —— 2Nay

R e by s 1d g i 3 B

The overall reaction is:

2C1" 4+ 2Na* ——» Cly+2Nayy

The clectrons are generated on the anode and consumed on the

cathode,

CE TRV TS T TS o A R R

A

: : " i L.
Fig(10-6) shows a schematic diagram of this Downs eel

P
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Graphite

Graphite R

cathode

¥
& H\ =
) Nat/pa || 2 7/
Fig(10-6); Eleétrolysis instrument of fused NaCl .

10.6 Anode and cathode

So far, we have considered a cell as being composed of two half cells,
each of which associated with the process occurring at one of the electrodes.
However, it is impossible to operate one half cell independently of the
second. Also, the potential of an individual half-cell can not be measured
without reference to another.,

Anode:

4

It is%he half cell where‘pnﬁt/oxidation takes place as shown in the
following reactions:
d** +2e
2C1° —— Clz @ + 2e

+ +
Fe? —_— Fe3 +e

Oy e 5 €

2H, 00— Ol(g) +4H" +4e

Water is oxidised when the solution contains no easily oxidised
species. :
Cathode:

It is/he half-cell where }m;)

following reactions:
Ag te — » Ag @

( reduction takes place as shown in the

+

F63+ +¢ —— Fe2+

NO; +10H' +8¢ — . Nj < +310,0
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