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Oxidation-Reduction Titration
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Loss of electron (Oxidation)

OG .3

Gain of electron (reduction)

Chemical reactions in which transfer of electrons occurs are known
Oxidation reduction reactions (Redox Reactions). More volumetric
analytical methods are based upon this type of reactions, such as
oxidation-reduction titration.
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Oxidation, involves the loss of electrons by the substance, and
reduction , the gain of electrons by the substance .

In any oxidation — reduction , the ratio of moles of substance
oxidated to moles of substance reduced is identical to the ratio of
the number of lost electron from one species to the number of
accepted electrons by the other species .
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The oxidizing agent is the material having the ability of withdrawing
electrons, and is itself reduced.
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Mn?* + 4H,0

MnQOg4 + 8H™ + 5e°

The reducing agent is the material having the ability of loosing
electrons, and is itself reduced oxidized.
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Fe?* Fe + le
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Most of the oxidation -reduction reactions that we shall consider are
reversible and needed suitable indicators for detection of end point.
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Example: when a piece of zinc is immersed in copper solution
(CuS0sy), separation of an oxidation —reduction reaction into its two
component part each part called half-reaction the overall reaction

will be.
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Zn + Cu?t Zn** + Cu Redox reaction
Zn Zn%t + 2¢ Oxidation
Cu?* + 2e Cu Reduction
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Other example:
Zn (s) + 2H" (aq) — Zn?* (aq) + H2 ()  Redox reaction
Zn (s) — Zn?** (aq) + 2¢ Oxidation

2H* (aq) + 2e" - H (Q) Reduction
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Nernst equation Cuwd y ddalas
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Consider the reversible reaction: Sall Jelal) 1aa

aA + bB cC + dD

_ RT [C]°[D]¢
E=E° —— In A [B]P

E =electrode potential (ki 3=)
E° = the standared electrode potential for each half reaction
Cuaill Jelal ol (il sga = EO
R = the ideal gas constant (8.314 JK™ mol) <l jlall alall culil)
T = temperature, K = GASIL dalhaal) 5 ) jall ds o
n = number of electrons that appears in the half reaction
alatial) Gl i<V dae
F =the faraday number (96.485 coulombs /mole of electron
In=2.303 log
At 25 °C
=t o Juand B )l Aa g i Jadl ey ) )8 gl Aaly (g sad g log s diad) a8 sl ) In Jasat axy

0.0592  [C]°[D]

E = E°- - log—[A]a[B]b

Nernst equation

Ecell = E rignt - E Let

or. Ecell = E Reduction - E oxidation
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Calculation of Equilibrium Constant: Keq

E°cell = E° Right - E° Lett

At equilibrium E°c =0
_ . 0.0592 [C]¢[D]¢

- w9 Bp

0.0592

logKeq
0.0592

0 = E°

0 = (E° Right — E° Left) - logKeq

__ n(E°Right —E° Left)
logKeq = 0.0592

Ex: Calculate the electrode potential for the following Cell if
you know [Br2(aq)]=0.001M , [Br']=0.01M

Broag + 2e 2Br- E° = +1.087

—1-2
£ po _ 00592, [Br]

n BTZ(aq)

2

£ po _ 00592 0g (0.01]
2 0.001

0.0592

E = 1.087 - > log0.1

E= 1117V
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Ex: Calculate Equilibrium Constant for the following Cell

E°Cu=+0.337 E°Ag=+0.799

Cu?* + 2Ag(s)

Cups) + 2AgQ°

n(E° Right — E° Left)
0.0592

logKeq =

2(0.799 - 0.337)
0.0592

logKeq =

logKeq = 15.608

Keq =10 15.608

= 4.055x10%°
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Ex: Calculate the electrode potential for the following Cell if
you know [Fe?*]=0.1M , [Cu?*]=0.3M.
2 >~ Fe? + Cu
Feg + CU (o) <—— + (aq) (5)
Fes) —Fe™ +2e (ox.) E°=-0.44V
Cu*?+2e— Cu (re.) E°=0.34V

Capadaill
N~
Cu’ gt 2e- =—— Cu E°=0.34 V
2
Fe' g T26- =—— Fe E°=-044V
000592 [Cu]
Ecp2v = E°- " log (a2
E = 034222 g L
- 2 %903

E = 0.34-0.02952x 0.523
E = 034-0.015=0.325V

B — ,_00592 [Fel
¢ 2 [Fe?+]
. _0.44_0.0592 log 1
2 0.1
E = —-044-0.0296x1
E = —-044-0.0296 = —0.47 V(ox)

Ecen = E Right ~ E Lx

Ece|| =0.325 - (' 047)
=0.795Vv
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TABLE 17.1  Standard Reduction Potentials at 25 °C

Department of Chemistry

Reduction Half-Reaction E° (V)
Stronger Fig) +2¢ — 2F(ap) 287 Weaker
oxidizing HOy(u) + 2HHag) + 26— 2H0() 178 reducing
agent MnOf{ag) + 8He(ag) + & — M) + 4H,0() 151 agent

Clyg) + 2¢” — 2Cl{ag) 136

07 (ag) + 14H¥ag) + 6¢”—> 2Cr**(ag) + THO() 136

Of) + 4H(i) + 4 —>2HQ() 12

Bryfg) + 2¢° — 2Br(ag) 1.09

Agtlag) + € — Ag(s) 080

Fe*(ug) + ¢ — Fe(iy) 0.77

Oyg) + 2Ht(ag) + 2¢ — Hy0y(aq) 070

Is) +2¢ — 2[(ag) 054

Ofg) + 200 + 4 —> 40H ) 040

Cu?*(ag) + 2¢° — Cufs) 034

Sn(ag) + 2¢ — Sn*(ag) 0.15

2H) + 26 S Hg) 0

Pb*(ag) + 2e —> Pbs) -013

Nitt(ag) + 2¢ —> Nis) ~0.26

Cd¥*(ag) + 2¢ — (d(s) ~040

Fe(ug) + 2¢" —> Fe(s) ~045

In*(ag) + 2¢ —> 7n(s) -0.76

YO0 + 26 —>Hyg) + 20H{w) 08

AP + 3¢ —5 All) 166
Weaker Vg™ + 2¢ — Mgh) 24 Stronger
0xidizing Nat(ag) + € — Nafs -L71 reducing
agent Lifag) + € — Li(s) =304 agent

Copyright © 2010 Pearson Prentice Hall, Inc.
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Titration curves
Zoaudl) ciliaia

In the curves the logarithm of the concentration of one of the

species is drawn against the volume of the reagent and the more
sensitive to the indicator species is selected. The indicators itself is
either oxidizing or reducing agent response to the system potential

instead of to the change in reactants concentrations.
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L et take this redox reaction:
Ce4+ + Fe2+ Ce3+ + Fe3+

It is expressed either by reduction potential of Ce (1) to Ce (111) or

reduction potential of Fe (111) to Fe (1) and these values is drawn
against the volume of the reagent and called as half cell potential.
The two species will be in equilibrium during titration process. The
values of reduction potential of the two systems are numerically
equal at any point of the curve. The most important value is the
value of potential at equivalent point.
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Ce* + Fe? Ce3* +Fe*  redox reaction

Ce* +1e Ce® reduction(oxidized agent)

Fe? Fe¥* + le oxidation(reduced agent)
JISEAY) Gl e A Clual Adalae i€ Cund i Alalaa aladiia die oSl
Ce* +1e Ce*
Fe’ + le Fe?*
0 0.0592 [Ce3T ]
E = EC 4+/ce3t 1 log [cett] (1)
L0 0.0592 [Fe?t ]
E E 3+/Fe2+ o 1 log [F33+] _______ (2)
3+ 2+
2 E= E%e 0o + E° et jre?” - 0.0592 logiee ILFe™”]

C 4+ ][ Fe 3+ ]

: ol (stoichiometry YA s8Sill Cua s o)) 58 Ala 8 Caaldaill () Loy
[Fe3+] — [Ce3+]
[Fe2+] — [Ce4+]

[Ce3+ ][ FeZ+ ]
[ Ce 4+ [Fe3+]

2 E=E%* ice® + E° e et - 0.059 log

2 E= EOCe4+ /Ce3+ + E° Fe3+ /Fe2+ - 0.059 IOg 1

2 E=E°e* 1cedt + EOrS 2t - 0

(1]
E Cesat / +  E e+ /
Ce3+ /Fe2+

E= >
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Example : consider the titration of 100 mL of 0.1 N iron (Il) with
0.1N cerium (1V), calculate the potential at:

Ce** + Fe?* Ce’* + Fe?t redox reaction
Ce* + le Ce3* E°=1.44V
Fe3t+ le¢ =———= Fe?" E°=0.77V

1. Initial potential.

At the outset the solution contains no cerium ions, in addition to
the iron (1) ions a small but finite quantity of iron (I11) will be
present as a consequence of air oxidation. Because the concentration
of the latter is uncertain. We cannot calculate the initial potential

that has significance.
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2. Potential after addition of 10 mL of oxidizing agent(Ce**)

With the introduction of a volume of the oxidizing agent, the
solution acquires appreciable concentrations of three of the
participating ions, that for the fourth, the cerium (IV) ion, will be small.
Setting this last quantity equal to X. we may write:

Jodmall  owiss « ( Cet™ ) wuSiadl Jols=dl g Jo 10 islsl  wa
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[Ce*] = X

11
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(mol Fe"'Z)mltlal MpoVEe

Ce®'] =
[ ] total volume Vpe+Vce
10x0.1
[Ce3'] = ;;0 - X =9.091x10° mole/L X is negligibly (small)
[Fe™] = (mol Ce+4)added McoVce
total volume Vpe +Vce
10x0.1
[Fe3*] = 1X - X =9.091x10"3 mole/L X is negligibly (small)
[Fe**] = (mol Fe*?)initial—(mol Ce"'4)added MpeVre-McoVe,
total volume VEet+Vce
100x0.1-10x0.1
[Fe?'] =—— — *22 -X =0.082 mole/L

[0.082 ]

E=+0.77-0.0592 |Og [9.090x10-3 |

=+0.77-0.0592 1og 9.021 =+ 0.71 V

3. At equivalence- point potential ( after addition of 100 mL of the
reagent
We have seen that the potential at the equivalence point in this
titration is given by:

o
Cea+ /Ce3+ T EFe3+ /Fez+
2

E =

144+ 0.77

=1.11
> |4

12
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4. Potential after addition of 100.1 ml of reagent.

The solution now contains an excess of Ce(lV) in addition to
equivalent quantities of iron (I11) and cerium (I11) ions.

The concentration of iron(I1) will now be very small; if we
set its value equal to y.

[Fe*]=y y =Jsmaad) e 585 O gl
[Fe3*] = 1(:()):;(;.1 - y is negligibly (small)
= 0.05mole/L
[Ce®] = 1‘;3:‘;1 i y is negligibly (small)
= 0.05mole/L
[Ce™] = 100.1x0.1-100%0.1 J is negligibly (small)

200.1

= 4.998x10° mole/L

[Ce3+]
[Ce*]

E= E°%¢*" - 0.0592 log

0.05

E=+1.44-0.0592 log——"=—

=+1.26V

13
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Example: consider the titration of 100ml of 0.1 N iron (II) with
0.1N potassium permanganate, calculate the potential at:

N
5Fez+(aq) + MnO4 (ag) T BH® < Fe3* + Mn? + 4H20(|_) redox reaction

Fes*+ l& ——— Fe* E° =077V
MNO4aq) + 8H* + 58" s~—="Mn?"(aq +4H200, E°=151V

1. Initial potential
At the outset the solution contains no permanganate ions; in addition to the
iron (I1) ions a small but finite quantity of iron (I11) will be present as a
consequence of air oxidation, because the concentration of the latter is
uncertain. We cannot calculate an initial potential that has significance.
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2. Potential after addition of 10ml of oxidizing agent(MnQ™)

With the introduction of a volume of the oxidizing agent, the solution acquires
appreciable concentrations of three of the participating ions that for the fourth,

the (MnQy’) ion, will be small.

Jalé (55 ((MNOy) el AS yidall 500N i 61 3 5 il (San ¢ 2S5l Jalall ana 48 jaay
Setting this last quantity equal to X. we may write:
X =[MnO, ] Giladll culiSuapll aal 30855 o)) Ly

[Mn#] = 1?;3'1 - X =9.091x107 mole/L X is negligibly
[Fe3*] = 1(;12.1_ X =9.091x10° mole/L. X is negligibly (small)
[Fe?*] = 22228 X = 0.082 mole/L

14
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[Fe* ]

[Fe3+]
0.082
9.090x10-3

E=E° Fe3+/Fe2+ - 0.0592 |Og

E=+0.77 - 0.0592 log

=+ 0.77 -0.0592 log 9.021 = +0.71

3. At equivalence- point potential.
We have seen that the potential at the equivalence point in this
titration is given by:

MnOs@q + 8H* + 560 =—= Mn?% (5 +4H201)

0 0
EFe3+/FeZ+ + 5E'IVI7104/_MnZ+ 0.0592 1
E = — log
6 6 [H* ]®
g 077+5(+151) 00592 1
B 6 6 Ime
E=+139V

3. Potential after addition of 100.1 ml of reagent.

The solution now contains an excess of Mn?+ in addition to equivalent
quantities of iron (111) and permanganate ions.

The concentration of iron(Il) will now be very small; if we set its value
equal toy.

[Fe?] =y = Jsuaadl (el 585 o2 dd

[Fe3*] =1 (1(;(()):2.1)_ y =0.05mole/L y is negligibly
[Mn?*] :% (1232(1'1 )-y =9.995x10°mole/L vy is negligibly

15
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100.1x0.1-100x0.1
2001

[MnO4T] :% ( + y) =9.995x10¢ mole/L

MnNO 4aq) + 8H' + 5e Mn?*(aq) + 4H20)

) 0'05921 [Mn2+ ]
5 °9 [Mn0o4~ |[H* |8

E=E MnO4 /Mn+

0.0592 9.995x10~3

E=1.51- l
°9 9.995x10-6[1]8

= +1.47

Reducation potentials during titrations of iron (I1) solutions.

Volume of 0.1N reagents (mL) | Potential volts Vs electrode Standard hydrogen
titration with Ce* titration with MnO4
0.0 - -

10 +0.71 +0.71
30 +0.75 +0.75
70 +0.79 +0.79
99 +0.89 +0.89
99.9 +0.95 +0.95
100 +1.11 +1.39
100.1 +1.26 +1.47
101 +1.32 +1.48
110 +1.38 +1.49
130 +1.40 +1.50

16




College of Ibn Al- Haitham Analytical Chemistry Department of Chemistry

Lecture 13
1.6 =
Equivalence
_ —

1.4 ——
=
Q@
B0 - - -
S = 125 =—= Equiv. point
R ”
= =
= % 1.0 |—
= 2
s B
£ = 0.8 +—
; (- 5]
= 0.6 |

0.4 } f } } } }

0 20 40 60 80 100 120 140
volume of 0.1N Ce** (ml)
L | | | | | |
1} 20 40 60 80 100 120
Volume of 0.1N MnO,; ml

Titration of 100 mLof 0.1N iron (11) solution with (a) Cerium (IV)
(b) Permanganate.

Q: Consider the titration of 50 mL of 0.05 N iron (11) with
0.1N cerium (1V), calculate the potential at:

1- Zero addition of Ce*

2- After addition of 5SmL of reagent

3- after addition of 25 mL of reagent

4- After addition of 50 mL of reagent

A3l any galsil) ddadt g AdlAa 380 1) o<t J ) JUal) dady )t 108 -2 ddaadla
=LA asnad) (s Ja YO

Ce* + Fe?t Ce3* + Fe®*  redox reaction
Ce* +1e Ce3* E°=144V
Fed* + le Fe2* E°=0.77V

1. Initial potential.

At the outset the solution contains no cerium ions, in addition to the iron
(I1) ions a small but finite quantity of iron (llI) will be present as a
consequence of air oxidation. Because the concentration of the latter is
uncertain. We cannot calculate ant initial potential that has significance.

17
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2. Potential after addition of 5 mL of oxidizing agent(ce**)

With the introduction of a volume of the oxidizing agent, the solution acquires
appreciable concentrations of three of the participating ions, that for the
fourth, the cerium (1V) ion, will be small. Setting this last quantity equal to X.

we may write:

STy Jdaadl cwdiSo ¢ ((Cett ) wwSieadl Jolzdl g Jo 5 Lila)  uso
021 ¢ gl Lwidly Loty o dSHylbied! oliga¥I e W ibgxle
g §50 dogw o (V) psosowdl

PSS W X I dglue eyl paosaadl Ganl Sy ol gmio

[Ce*] = X
[Ce¥] = 2% 1- X =9.091x10 mole/L X is negligibly (small)
[Fe3'] = 20X0. 05- X =4.55x102 mole/L X is negligibly(small)
[Fe?*] = 222222202 X = 0,036 mole/L
E= Eovoop - 0.0592 log [Fez+]]
E= +0.77 - 0.0592 log %‘(’)]] = +0.77 — 0.0592 log0.79

=+0.77-0.0060=0.764 V

18
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3. After addition of 25 mL of reagent (At equivalence-point
potential.

The potential at the equivalence point in this titration is given by:

E=E’%" /Ce3+ + E%" /Fe2+ ) /2

1.44 + 0.77
= > =1.11

4. Potential after addition of 50 ml of reagent.
The solution now contains an excess of Ce(lIV) in addition to

equivalent quantities of iron (I11) and cerium (I11) ions.

The concentration of iron(l1) will now be very small; if we set its value

equal toy.
[Fe*] =y
[Fe3'] = 501><0(:).05 —y =0.025mol/L y is negligibly (small)

[Ce3*] = 50133'1 —y=0.050 mol/L y is negligibly (small)

[Ce*] = 50><0.11—0500><0.05+ y = 2.5x10 2mole/L vy is negligibly

[0.05]

— 4+ _ [Ce3+] _ _
E= Eocs® - 0.0592 log 1] = +1.44 - 0.0592 log 1L

=+1.44-0.018 =1.422V

( oxidant) 32uS 5all (ol s2ll 2a)

KMnOa, Ce**, KoCr207, KIO3, NH4VO3, 13)

(reduction® jida Jal s)

Ag, Ni, Al, Cd, Zn, Cr(111), NazS20s, As(I11), Fe(I1)

19
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Detection of end point
Jeldil) ¢lell) 4085 s

Many types of indicators are used for end point detection in redox
reactions such as:

1- Self indicators

The species ready to be oxidized can be determined by titration
with an oxidizing agent like KMnOs4. KMnOg4 is not standard
materials since it contains reduced products like MnOs and
therefore it should be calibrated before using.
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2- Specific indicators

Specific indicators specifically react with one of the reactant to make
color change. One of them is the starch which form deep blue
complex with I3~ and thiocyanate (SCN°) which form red complex
with ferric ion (Fe**) and becomes colorless with ferrous ion(Fe?*)
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3- Oxidation-reduction indicators
Some indicators depend on the change in the system potential at the
potential at which the color changes depend on Ein value (standard
value for each indicator).
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(Transition potential)
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Color of Oxidized Color of Reduced

Indicator E°, V
form form
2,2'-bipyridine (Ru complex) +1.33 colorless yellow
Nitrophenanthroline (Fe complex) +1.25 cyan _
N-Phenylanthranilic acid +1.08 violet-red colorless

1,10-Phenanthroline iron(ll) sulfate complex
(Ferroin)

+1.06 cyan

N-Ethoxychrysoidine +1.00 yellow

2,2 -Bipyridine (Fe complex) +0.97 cyan _
5,6-Dimethylphenanthroline (Fe complex) +0.97 yellow-green cyan
o-Dianisidine +0.85 colorless
Sodium diphenylamine sulfonate +0.84 colorless
Diphenylbenzidine +0.76 violet colorless
Diphenylamine +0.76 violet colorless

Viologen -0.43 colorless
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https://en.wikipedia.org/wiki/2,2%27-bipyridine
https://en.wikipedia.org/wiki/Phenanthroline
https://en.wikipedia.org/wiki/Phenylanthranilic_acid
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https://en.wikipedia.org/w/index.php?title=Diphenylamine_sulfonate&action=edit&redlink=1
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5-Nitro-1,10 phenonathrolin

Red Violet Pale blue
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