Analytical Chemistry Lecture 3 Dr. Ruba Fahmi Abbas

REDUCTION - OXIDATION TITRATION
REDOX TITRATION
Oxidation is defined as a loss of electrons to give a higher oxidation state (more positive).

Reduction is defined as a gain of electrons to give a lower oxidation state (more negative).

OXIDATION NUMBERS: The following rules predict the oxidation number for each

of the atoms/ions in a compound or ion.
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General Rules (Always applicable—No exceptions)

1. For any uncombined element, the oxidation number is zero.

Examples: Fe, Xe, O,, H; (0 for all of these)

2. For any monoatomic ion, the oxidation number is equal to the charge on the ion.
Examples: Fe?*, F, 0%, H* (+2, -1, -2, and +1 respectively)

3. For any compound, the sum of the oxidation numbers must be zero.

Examples: NaCl=Na"+ ClI'=+1+(-1)=0
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MgF, = Mg?* + 2 F = +2 + 2(-1) = 0
K,Cr,0; =2 K"+ 2 Cr+ 7 0%
=2(+1) +2(X) + 7(-2) =0 - X=+6

Special RulesThese rules only apply to certain columns on the Periodic Table.

. Column 1A +1 (Except H with a metal, then H = -1)

. Column 1A +2

. Column 1A +3 (Normally, however +1 possible near the bottom of the table)
. Column IVA +4

. Column VA +51t0 -3

. Column VIA -2 (Oxygen is -2 except when combined with F, or in 0,%)

. Column VIIA -1 (Fluorine is -1 in compounds)
. Column VIIIA (Usually only 0)
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Periodic Table of the Elements
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Oxidizing agent : an oxidizing substance which tend to take on an electron or electrons
and be reduced to a lower oxidation state. For example -

Ce* +¢ > Cce*

e Oxidizing ability depends strongly on pH value.
KMnQ, in presence of dil. H,SO,

MnO, ! +8H" +5¢” SMn? +4H,0 E%=+ 152V

Q - Calculate the oxidation number for the central atom in the following compounds.
KM nO4, chr207’ H202’ HN03 HZSO4’ K|O3 CdC|2
H,SO;: (+1x2) + (S) + (-2x4)=0—> S=+6

Reducing agent: an reducing substance which tend to give up an electron or electrons and
be oxidized to a higher oxidation state. For example -

Fe** > Fe+e
Oxalic acid H,C,042H,0 ::: C,0,° =CO, +2¢
Q - Calculate the oxidation number for the central atom in the following compounds.

H2C20402H20, HZS, SnC|2
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REDUCTION - OXIDATION REACTION

Is one that occurs between a reducing and an oxidizing agent,

For example Ox; + Red, > Red; + Ox;
Ce™ +Fe? > Ce* +Fe®
Zn(s) +2H" > Zn2+ +H2(g)

Redox reaction as two half reaction As a redox reaction involves both oxidation and

reduction components, it is possible to divide the total reaction , these clearly demonstrate

which species gains electrons and which losses them .

Jeldi s (Redox reaction) J)_sa¥) s 32uSY) Jelii (lé calei LS 1 Jelil duaiS J) 35AY) g bausy) cdle s
A 3 5 32T Je i (ol amai Wiy el 13¢d 5l g1 sl <l )y s 5 iSIYY JES) Cpancaly e
lld‘;m . . Ul }i '5‘
aal i (e il s Ky las Jiey ¢ 32l 138 (Oxidation Half-Reaction): saus¥) Jeldi cial |1
s s 5,Al sl aae Ma gy GawsY) A e i) 4gLesl &1 55Y)
g 9 di (el g I QL) Jiag ¢ 32l 138 (Reduction Half-Reaction): J1 5y Jeldl caal 2
s oA anklaae J& J) Y DA Jelite AT s

This can be suitably illustrated by the reaction between iron ( 111) and tin (11).

2QFe® +s5n? > Sn* +2Fe?

This reaction can be divided into two half reactions show below

2Fe ¥ + 2¢ > 2Fe? (reduction)
Sn* > Sn*"+2e” (oxidation)
Total  2Fe® +Sn® +2e > Sn*" +2Fe® +2¢

This method of expressing a redox reaction as two half reactions provide a kind of flexibility
to the concept of redox reaction.

No half reaction occur by itself there must be an electron donor (reducing agent ) and an
electron accepter (an oxidizing agent ) Fe** oxidizing agent Sn** reducing agent .

ub\gﬂ)ld“\g(dwdab)uh\g\;ﬁﬂ@hd&uj&u\w&codﬂ&mwg\um‘f
N Sale§n?t iy Laiy 13uS e Sle Fed* siag (S50 Jals)
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Balancing Redox Equations

Knowing how to balance oxidation- reduction reactions is essential to understanding all the
concepts covered in this course.
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Q- Complete and balance the following equation after adding H* OH’, or H,0O as
needed
MnO; + NO,y= Mn** + NOj

1- We write and balance the two half-reaction involved.
For MnO4, we writt  MnO,= Mn?*
To account for the 4 oxygen atoms on the left-hand side of the equation we add 4H,0 on the
right-hand side of the equation, which means that we must provide 8H" on the left.
MnO,; +8H'2 Mn*+4H,0
To balance the charge, we need to add 5 electrons to the left side of the equation. Thus
MnO, +8H" +5e'= Mn*+4H,0
For the other half-reaction

NO, = NOj

We add one H,0 to the left side of the equation to supply the needed oxygen and 2H" on the
right to balance hydrogen
NO,+H,0= NO;3 +2H"
Then we add two electrons to the right-hand side to balance the charge
NO,+H,O0= NOj3 +2H" + 2¢°
Before combining the two equation, we must multiply the first by 2 and
the second by 5 so that the number of electrons lost will be equal to the number of electrons
gained. We then add the two half-reactions to obtain

2MnO, +16H"+ 106+ 5NO,+5 H,O =  2Mn**+8H,0+5NO; +10 H* +10¢’
Which then rearranges to the balanced equation?

2MnO, + 6H" + 5NO,= 2Mn* + 5NO5 + 3H,0
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Q - Complete and balance the following equation after adding H* OH’, or H,O as

needed
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The effect of concentration on electrode potential

Nernst equation

A mathematical expression that related the potential of an electrode to the activities of those
species in solution that is responsible for potential. For a cell with the following general
equation

A ypuall o 5 Jstaall b 5 g sall ) pall cilillads L jeS (e dga Ja ol 5 uan A 1t i Alilaa
IS ale Jeli el Al dually seall 13a oo

aA+bB+ ...... + ne =2cC+dD+.......
The electrode potential for this reaction is given by the equation

(Al Alalaally Je il 136 U 50 il sga sy

pe
E = the standard electrode potential which is 3 nan dad g 5 ¢ bl L oSl Qladll 3ga 1 Eo
characteristic for each half- reaction Jeldl caai S
E=Electrode potential under the normal eV Gkl & AL oSl bl seat E
conditions
R= the gas constant 8.314 J.K™ mol™ or 8.314 K™ mol™ ¢ssbus il culi R
J
(8.314 —)
molK 8.314 ——
molK _
T=temperature K (K).odlSlbs 5l pallda 0 0 T
n = number of moles of electrons that appear | Jdelii caai & jedai Al iy SV @Y e 23e 1
in the half —reaction for the electrode process (HheSl )
F = faraday constant = 96485 C-mol . 96485 C-mol ™~ s sbus gl e s ¢ F
C C
(96485 —— (96485 —
mol mol

In = natural logarithm = 2.303 log gkl able Sl n
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If we substitute numerical values for the constants convert to bas 10 logarithms and

specify 25 °C for the temperature, we gat

Jiani lild 25 0C 3 ) jallda o dic 510 (b)) 2t jle Sl bgat g b Al Apaael) andl) yia g2ty Liad 1)
; ) D 3 o ! o) S
. L;s

., 0.0592 [C]¢[D]¢ .....
E o9 Tajerp

Examples : Typical half-cell reactions and their corresponding nernst expressions follow.
b Lo i L AR ol 3 il i g Aad gadl) ALIA) Clal cdle L - AL

0.0592 1

2 log [Zn2+]
Zng is not included in the logarithmic because it is a pure solid. Thus, the electrode potential
varies linearly with the logarithm of the reciprocal of the zinc ion concentration [Zn?*].

1- Zn™ +2e = Zng E=E -

A5 yied Abllad g (A8 Aba Bala ASY ]_e'éﬁmwyﬁézn(s)

3+ N o _ —° 0.0592 [Fe?*]
2-Fe” +e = Fe E=E -——log Fo3]

the potential for this couple can be measured with an inert metallic electrode immersed in a
solution containing both iron species.

The potential depends on the logarithm of the ratio between the molar concentrations of
these ions.

Sligl o e i) 38 o (g iy Jglae B ) geia Jald (o 318 bl alaRiily 7 o3 13 3 (il (Say e
. aad)

il 5 03gd Ay ¥ gall il 38l G Al a8 ¢ e agad) ading @

o 0.0592 PH
3-2H " +2e = Ha) E=E - > log [H+]22

In this example PH.is the pressure of hydrogen (in atm) at the surface of the electrode.
. hal) mha 2ie (atm) Baa sl G gl Bivd RPH2 (JUall 132 e

Cdgongd) alis) 385 e g G gungd) 8 bl o agal) adiny @
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0.0592Iog [Mn?*]

5 [Mno, |[H+]8
Here, the potential depends not only on the concentration of manganese species but also on
the pH of the solution.

4-MnOy + 5e +8H'2 Mn? + 4H,0, E=E -

Jslaall (PH) i g ougd) ad ) o Lol aaday o < Gaiaial) g1 g8 5uS 5 o Jadd agad) aaiay Y (La o
Aabeall A[HT] 2999 ey

5- AdCly +e =2 Agy +CI E=-E - 00552

log [C17]

This half-cell reaction describes the behavior of silver electrode immersed in a chloride

solution that is saturated with AgClI.

(AGCI) il 3 51 wadia 31518 gl b paicall Aadll Codad o sl 138 28 (ol i iy @

Udlaall 2 1 (i gat s A0 Legilllad 8 (A s 21 50 (A Ag(s) 5 AQCI(S) of e

Example: calculate the electrode potential of a silver electrode immersed in a 0.05 M

solution of NaCl using (a)E Ag+/Ag = 0.776 V
(b)E” AgCI/Ag =0.222 V. Kspagey=1.82 x 10™.
Solution :

@ Ag +e = Agg E agr/ag = 0.776 V

E = EoAng/Ag B 0.02592Iog [A;]

1 Gagas Al Aulia Bala Auadll o
OSay A ¢ gl i mle 2 AGCICs Kopagen I3 duala il cilblanal) (& S3Ad) Lay @
AUl e dadl) 38 5 e Jguanl)

AgCl , Ag' +CI

Ksp =[Ag"][CI]
1.82x 10" = [Ag*] 0.05

1 Ksp  182x10710 _9
[Ag™] =5 = —pos — =364 x107°M
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Substitution into Nernst expression gives:

1 —_—
E=0.776- 0.0592 lOg W =0.299V
(b)- AgClgy +e = Agy+Cl E AgCl/Ag =0.222 V
o 0.0592 _ : _
E=E AgCl/Ag - log [CI"] ,  Concentration of [Cl"]= 0.05M

1

1 Gagas AlS dilia 3 e duadll .&)\9&5@4\9@\ .

E =0.222 - 0.0592 log [CI] = 0.222 — 0.0952 log 0.05 = 0.299 V

Oxidation-reduction (redox) Titration

JIHAY) ¢ BawsY) cilasand

Oxidation-reduction (redox) Titration:In redox titrations the concentration of the
substances or ions involved in the reaction continuously keeps changing in the course of the
titration. Hence the redox potential of the solution must also change (the phenomenon may
be compared to the change of the pH of solution during acid-base titration) by plotting the
redox potential corresponding to different points in the titration, a titration curve similar to
the curve obtained in an acid-base method is obtained. The titration curve in redox reactions
can be drawn by plotting the potential of half-cell against the volume in millimeter of the
titrant.

e ) ety Jelail) 84S jliall il oY) ol ) sall 3S 5 yahy oI RAY) 9 BamsY) cilagaid
5aSY) aga it 4aiy) Wl Jslaall ) 8V 55008 aga iy (o comy ¢ Uil 5 el dlee
(322l 5 (aalal) menids L Jglaall pH ety J) A1 53008 i Alee 8 J) AV
e 3 ylae inie e Jgeanl) 25 ¢ moll 8 Aalide Lalas] Jilall JI a1 5 500SY) dga ans
JI AV 5 300SY) e \ds 85 jlaall inie ans ) Sy Bacldll g praelall 48y yh 6 il sl
iellally el Jglaall ana Jiie al) i dga pm
Points in the redox titration
1- Before titration gmawdll J&
2- Prior to the equivalence point slsil) das 38
3- At the equivalence point 33sil) dads sic
4- After the equivalence point s8lsil) dads say
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Oxidation-reduction (redox) Titration ’ . .
% Acid-Base Titration
pe I 14 end point
1.6 pH of 11 .e\
1.4
10+
12 =
\ E. 5 pH at | wey = 7.00
E(V) End point B A R &
104 6 x“\rmd paint
pHof 6.8
P 4
0.8 .
~ 2 T
06 | *v’p.—_' =250mL
T T T T T > T T T T T T
0 20 40 60 80 100 o 10 20 30 40 50
Volume (mL) Volume (mL)

Example: consider the titration of 50.0 ml of 0.05 MFe*" with 0.10 M Ce*" in a medium
that is 1.0 M in H,SO;, at all time. ( volumes of Ce** added from burette 0 ml, 5 ml, 25
ml, 25.1 ml)

Ce* +e=a Ce*E°=1.44V (IM H,SO,)

Fe¥* +e= Fe*E’=0.68 V (1M H,SO,)
Solution:
At all times during the titration this reaction is rapid and reversible and in equilibrium hence

Esystem 1S the potential of the titration and is the value plotted on the y-axis.

3> AE system gl ¢ il o) 5 Al 85 W sSe 5 by Jelaill 138 )5Sy 68 plaall SIS 8 YD s B
(y-axis).gball Hsnall Je lean ) ol Al dadl) 58 53 plaall

Esystem represents the potential of the electrochemical cell:

Ce*" + Fe¥?'= Ce* + Fe*

+e (reduction)

]

Ce* + Fe?* == Ce™ +Fe™

L 1
-e (oxidation)
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SHE// Ce*, Ce**, Fe®*, Fe?'/Pt

b aldai 43) ¢ ol Cpa g ugd) il i (Standard Hydrogen Electrode 4 Ju<=ial » SHE
i ¢l i gougd) b aga g s A Al gl GUBY) 3 g lead aa jaS aadiey (il 48
Al Al g lal) sie (V) g jhia (g g ABUY)

We can follow either  Ecea+ o3+ OF Epgs+ o2+

Esystem :Ece4+’ce3+ = EFe3+,Fe2+

(a) At Volume [Ce** Jsolution = 0 mL
In the beginning of the titration the solution would contain only Fe?" ions and may have
traces of Fe** due the aerial oxidation of the solution.

As the concentration of the Fe** ion is too small the calculation of the potential has no

meaningful significance.

JH[Ce™] =0 Jslae pra aic

5 Gy Fe®t (e Alin il 2 3 38 Fe?*, Jglae Jah aa 5y 65 pladll Aglay b: Aglaiy Dl
T shaall L 5l

5l dga s (8 ((Abilal) 328V ) 13 pidiaFe® sl 3 5 0V 15k sl clua
sl o b (See e JI S

(b) At Volume [Ce**] solution = 5 mL

Excess of Fe?* concentration of (Fe?*/ Fe**) are measurable.

0.0592 [FeZt]
— o 0 —
Esystem - EFe3+,Fe2+ = E Fe3* Fe?* n log [Fe3+]

24+ 50x0.05-5%0.1 4+7 _ 50x0.05-5x0.1 _ 2.0

[Fe™]= 5045 +[Ce™] ~ 5045 T M
349 5%X01 o 4. 05 _ 05

[Fe ]_50+5 | I~ 5045 55

0.0592

(55)
log 55 = 0.64 V

(35)
(c)- At Volume [Ce*] solution = 25 mL at the eq. point : no excess of [Fe®*]
[Ce4+]xvtotal = [Fez+] XViotar and [CeS+ ]xvtotal = [Fes+] XVotal

Esystem = EFe3+,Fe2+ = O. 68 -
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The reaction takes place in one vessel
[Ce*]=[Fe”]and [Ce®']=[Fe*']

0.0592 [Fe?*]

Eeq:EFeH,Fe“ = EoFe3+,Fe2+ T T log [Fe3t] (1)
_ _ 0.0592 [Ce3*]
Eeq_ECe‘H,Ce3+ - EoCe4+,Ce3+ T T log [Cett] (2)

Summation of eq(1) and eq(2)

0.0592 [Fe?*][Ce3*]
—_ o o]
2Eeq— E Fe3+,Fe2+ + E Ce4+’ce3+ - n lOg [Fe3+][ce4‘+]

= EoFe3+ Fe2+ + Eoce4+’ce3+

E® o3+ pe2+ TE® ot 3+ 0.68+1.44
— Fe°™ Fe Ce™ T ,Ce _ L . _
Eeq= > = 5 =1.06V

(d)- At Volume [Ce*" Jsolution = 25.10 mL >Veq = 25 mL
After the eq. point : excess of [Ce*"] and concentration of [Ce** ]/ [Ce™*]
Are measurable. Hence Esystem POSt-eq = Eet+ co3+

0.0592 [Ce3t]

— — O —
Esystem —Ece4+’ce3+ — E Ce4+,Ce3+ n log [Ce‘“’]
4+ _25.1x0.1-50x0.05 2+ 25.1x0.1-50x%0.05 0.01
= Fe ~ = M
[Ce ] 50+25.1 +[ ] 50+25.1 75.1
3+ 25x%0.1 2+ 2.5 2.5
= — |F ~x — =
[Ce ] 50+25.1 [ ] 75.1 75.1
g 1 44 0.0592l 2.5 13V
= 1. — (0] = 1.
System 1 g0.01
1.6
1.4 -
-*
1.2
= .
L s eq.point
1.0+
0.8 - —
—
0.6
T T T T T ¥
0 1o 20 a0 40 50

Volume of Ce?* (mlL)
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Permanganometrc Titration :

Gilada al) cilasad

r

Permanganometrc Titration :

This method is based on reactions of oxidation by permanganate ion.
Oxidation may proceed in acid or in alkaline or neutral solution. When KMnO, acts as an
oxidizing agent in acidic solution the septivalent Mn (Mn"*) in it reduced to Mn** ions and a
manganous salt of the acid used formed.
For example if FeSQy is the reducing agent and if it is oxidized in the presence of H,SO, the
reaction is represented by the equation;
MnO ! clinie ) ¢ gl Unsd gy 5amsY) Sl Ao 48, ) o2a aaial
(aaa Jolan B auSsa JalaS KMNO4 Jery Ladie Jalata gf gaolB i odaala Jplaa (8 BansY) diaas 48
oaaall jojuiia pla (sChy Mn®* cligh ) J5ad 4d  (MNn'™)(7+ 2l Alag) eladl Suiial) o
PRECHA|
Alalaally Jiay Joliil) (b (H2S O, 3925 o sl 13) 5 J5i8al) Jaladl 2 FSO, s 131 ¢ Jlall Jasau Ao
10FeSO, + 2KMnO, + 8H,S0O, = 5Fe,(SO4)3 + 2MnSO, +K,SO, + 8H,0
Or in ionic form
5Fe*" + MnO, + 8H'= 5Fe* + Mn”" + 4H,0
The decrease of the valence of manganese by 5 shows that the KMnO,4 molecule gains
5 electrons this is also very clear from the following equation:
Adlaall (o Loyl 133 el 5 130 g el 58N 5 Sy KMNO, $s0a OF 5 Jlalay Jaiaial) $81S3 (alias) el
Al
MnO, +8H" +5e=2 Mn* +4H,0
It follows that in this case the gram-equivalent of KMnO, is(M.Wt KMn04=158 g/mol)

Molecular weight (Mwt)

(Eq. wt)(EJ:g—q) for redox reaction = T T

9 KMNO4 2 (Asall al ad) o5l
g-eq =158.03/5 =31.61 g
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during oxidation in alkaline or neutral solution the Mn™* ion is reduced to Mn*" with the

formation of manganese oxide MnO, in the form of a brown precipitate for example

e (Mn™) =l siide A KMNO4 & (MN™) (Slad) Jitdiall 5580 Jalaial) o gaslil) Jslaal)

FKMNO4  Asall el il gl g sl 3 Sy ¢ (MNO,) Siiall aesi (AU o iy ol JS&
> 52.68 s» Alal) s2a

Cr, (SO4)s + 2KMNO, +8KOH = 2K,CrO, + 2MnO; + 2K,50; + 4H,0
MnO, + AH' + 3e =2 MnO, + 2H,0

Therefore in this case the gram-equivalent of KMnO, has a different value namly
g-eq = 158.03/3 =52.68 g

A g ) e ity M\alﬁ.«g\wg‘y#nﬁ\gwqeﬁaw&ﬂ\atﬁmd;Zua;m
4503 Y ysiad g gdlsl) AdalS LY gua gl
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A redox indicator

O RAY g oY) iy

A redox indicator

(Also called an oxidation-reduction indicator) is an indicator which undergoes a definite
color change at a specific electrode potential. The requirement for fast and reversible color
change means that the oxidation-reduction equilibrium for an indicator redox system needs
to be established very quickly. Therefore, only a few classes of organic redox systems can be
used for indicator purposes.
There are two common types of redox indicators:

« metal-organic complexes (Ex. phenanthroline)

« true organic redox systems (Ex. Methylene blue)
Sometimes colored inorganic oxidants or reductants (Ex. Potassium manganate KMnQOy,
Potassium dichromate K,Cr,Q,4) are also incorrectly called redox indicators. They can’t be
classified as true redox indicators because of their irreversibility. Almost all redox indicators
with true organic redox systems involve a proton as a participant in their electrochemical
reaction. Therefore, sometimes redox indicators are also divided into two general groups:

independent or dependent on pH.
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Questions:

1- What is an oxidizing agent? A reducing agent?

2- What is the Nernst equation?

3- What is the standard potential?

4- What is the redox indicator?

4- Complete and balance the following equation after adding H* OH", or H,O as needed
@-10s+1I'= |,

(b) - MnO,” + H,SOs=  Mn* + SO,%

(€)- MnOs +H,S =2 Mn** + S

(d)-Al + NOs= AIO, + NH;3

() - 2CIO; + SO,= SO,” +Cl,,

(f) - 2CI05 + H,S = SO,2+ Cl,

(9)- Cu + 4HNO3; — Cu (NO3); + 2NO, +2H,0

5- What is the potential of a solution containing 10.0 ml of 0.1 MFe®* with 10 mL of 0.05 M

Ce** in a medium that is 1.0 M in H,SO, at all time?

RT [C]€[P]%—— _0.0592 [C][D]%——
6-Provethe -—In TARBI— equal — —— AT B—

Knowing that R =8.314 K™ mol™ and F = faraday constant = 96485 C
7- Describe the types of electrochemical cells with examples.

8- What are the types of electrochemical cells and then explain the difference between them.
9- Determine the reaction between the following half-reaction and calculate the
corresponding cell voltage:

CU™ +2¢° = CUE°q = +0.34V

Zn* +2¢ = Zn E’ed = - 0.76V
10 - The element that undergoes oxidation is: H, +O, & H,0

11- The element that undergoes reduction is: N, +3H,= 2NH;

(b gilly Ll
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