Instrumental methods of
analysis

Background:

e Analytical Chemistry: The Science of Chemical
Measurements.

e Analyte: The compound or chemical species to be
measured, separated or studied

e Types of analytical methods:
1.) Classical Methods (Earliest Techniques)
a.) Separations: precipitation, extraction, distillation

b.) Qualitative: boiling points, melting points, refractive
index, color, odor, solubilities

c.) Quantitative: titrations, gravimetric analysis
2.) Instrumental Methods (~post-1930’s)

a.) Separations: chromatography, electrophoresis,
efc.

b.) Qualitative or Quantitative:  spectroscopy,
electrochemical methods, mass spectrometry,
NMR, radiochemical methods, etfc.

Qualitative instrumental analysis is that measured property
indicates presence of analyte in matrix

Quantitative instrumental analysis is that magnitude of
measured property is proportional to concentration of
analyte in matrix



CHOOSING AN ANALYTICAL METHOD

l.

S A T S

What are the advantages or disadvantages of the
technique versus other methodse

How reproducible and accurate is the technique?
How much or how little sample is required?

How much or how little analyte can be detected?
What types of samples can the method be used withe

Wil other components of the sample cause
interference?

Other factors: speed, convenience, cost, availability,
skill required.

Types of Instrumental Methods: Example methods

Radiation emission Emission spectroscopy, fluorescence,

phosphorescence, luminescence

Radiation Absorption spectroscopy, photometry,
absorption spectrophotometry, NMR

Electrical potential Potentiometry

Electrical charge  Coulometry

Electrical current Voltammetry - amperometry,
polarography

Electrical Conductometry

resistance

Mass-to-charge Mass spectrometry

ratio
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|

encoded
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Example: Spectrophotometry

Instrument: spectrophotometer
Stimulus: monochromatic light energy
Analytical response: light absorption
Transducer: photocell

Data: electrical current

Data processor: current meter
Readout: meter scale

Detector (general). device that indicates change in
environment

Transducer (specific). device that converts non-electrical to
electrical data

Sensor (specific). device that converts chemical to electrical
data
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Part 1

Electrochemical methods of

analysis

Introduction

Electrochemistry is the relationship between electrical
properties and chemical reactions. The electrical properties
most commonly measured involve voltage, current or
resistance or combination of these. The measurements are
carried out by the use of certain instruments, thus, the methods

are also denoted by instrumental methods

Classification of electrochemical methods
1. POTENTIOMETRY
Measure electrical potential developed by an electrode
in an electrolyte solution at zero current flow. Use NERNST
EQUATION relating potential to concentration of some ion

in solution.
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2. VOLTAMMETRY
Determine concentration of ion in dilute solutions from
current flow as a function of voltage when POLARIZATION
of ion occurs around the electrode.
POLARIZATION = depletion of concentration caused by
electrolysis. If using a dropping mercury electrode,
method is termed POLAROGRAPHY.

3. CONDUCTIMETRY
Measure conductance of a solution, wusing INERT
ELECTRODES, ALTERNATING CURRENT, AND AN ELECTRICAL
NULL CIRCUIT - thereby ensure no net current flow and no
electrolysis. The concentration of ions in the solution is

estimated from the conductance.

NOTE:
Methods 1 and 3, NO ELECTROLYSIS of solution. Sample

recoverable, unaltered by analysis.
Methods 2 must cause ELECTROLYSIS OF THE SAMPLE.
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1. Potentiometry

Definitions:-

An electro-analytical technique based on the measurement of

the electromotive force (e.m.f) of an electrochemical cell

consists of a measuring (indicator) and reference electrodes.

General Principles

Reference electrode | salt bridge | analyte solution | indicator electrode

Ere Ej Eind
Ecenl = Eind — Eret + E;
Digital meter
Reference caell: 84.2mV

A half-cell having a known electrode
potential
Indicator electrode:
Has a potential that varies with
variations in the concentration of an
analyte
Electrochemical Cell:
1.) Basic Set-up:
a) Two electrodes

b) electrolytes solution

Reference
electrode,

Epof — 9
Metallic

|~ indicator
electrode, E; 4

Salt bridge, —|
E

Porous

membrane Ecn=Epng™ Erct+ Ej

c) external connection between electrodes (wire)
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d) Internal connection via contact with a common solution

or by different solutions connected by a salt bridge.

Salt bridge — acts to isolate two halves of electrochemical cell

while allowing migration of ions and current flow.
o usudlly consists of a tube filled with potassium chloride

o Separate species to prevent direct chemical reactions.

Electrochemical cell

It is composed of a container or two containing a pair of
electrodes (metallic or otherwise) in contact with an electrolyte
solutions. These electrodes are anode at which the oxidation
occurs and cathode at which reduction occurs. A conductive
junction is used to connect the two electrolyte solutions in the

two containers of the cell

Electrochemical cells can be classified into:
1. Galvanic or voltaic cell
An electrochemical cell which spontaneously produces
current (or energy) when the electrodes are connected
externally by a conducting wire

e.qg. Daniell cell

For the galvanic cell shown in the following figure the copper
electrode is the cathode. The cathode half reaction is

Cu*+2e = Cue
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The zinc electrode is the anode. The anodic reaction is:
Inc = In%* + 2e
Electrons are supplied from the zinc electrode to the external
circuit to the copper electrode and copper deposited on the
electrode surface. The two electrodes solutions are connected
by a junction which allows transference of charges without

mixing of the two electrodes solutions

Voltmeter

1.100 V -
— T

e—

Salt bridge
Saturated KClI solution

(/

Zn electrode - |- Cu electrode

0.0100 M
ZnSO,
solution

0.0100 M
|_- CuSO,
solution

Porous
disk

Zn(s) = Zn>*(ag) + 2¢” Cu?*(aq) + 2e~ = Cu(s)
az,2+=0.010 acy2+=0.010
Anode Cathode

The potential difference i.e. electro-motive force of the
obtained cell is

Ecei' = Ecathode - Eanode

Where Ecathode ONd Eancde are the electrode potential of the
cathode and anode. E.g. Daniell cell Ecen = Ecy - Ezn
Schematic representation of cells:

A cell such a Daniel cell can be represented as follows:

In / In?* (C4) | | Cu2* (C2) / Cu
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2. Electrolytic cell

current source

_| + - '—
In this cell an electrical energy Mo i
e e
is forced from outer external
source to the cell and cause -
Ag

chemical changes of the .
—» Ag —>»
electrolyte solutions i.e. electrical ﬁ

+ -
Ag + NOg

energy is converted to chemical

. - + -
energy. Electrolysis occurs, e.g.  Adls)->Ag'+e Ag +e ->Ag(s)

plating with silver or platinum.

Potentiometry

It is a method of analysis in which we determine the
concentration of an ion or substance by measuring the
potential developed when a sensitive electrode is immersed in
the solution of the species to be determined.

Mo = Mr*+ ne
Applying Nernest equation.

0.059 1
E25 = EO — n log [M“"']

Since Eo for the given electrode is constant so, E2s will vary by

change of [Mn+].
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Thus, by measuring E2s one can calculate the concentration of

the ion. e.g

25 —_ 0

The electrode used to determine [Mn*] is known by the
indicator electrode as it indicates Mn+ concentration.

The potential of the indicator electrode cannot be measured
alone, it must be connected with another electrode with
known constant potential which is known by reference
electrode. Both the two electrodes form the two half-cells of
electrochemical cell, the electromotive force [e.m.f.] of which
is the algebraic difference of the two electrode potentials
[cathode — anode].

Since the reference electrode potential is constant the
change in e.m.f. of the cell is due to the change of the
indicator electrode potential which in turns is due to the

change in the concentration of the ion to be determined.

To measure e.m.f. developed between the reference and
indicator electrodes we must have an electrical device which

is known by potentiometer.
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A) Reference electrode

It must:

1. Have a constant potential which will not change with the

passage of small current.

2. Its potential must be definite and known in case of

direct potentiometry.

To express any electrode we have to mention:

a- Redox reaction at the electrode surface.

b- Half-cell and Nernst equation.

c- Sketch of its design.

d- Any necessary conditions for its preparation.

e- Any necessary precautions for its use.

1. Normal Hydrogen Electrode: (N.H.E.)
It's a primary reference electrode. Its
potential is considered to be zero.

v' Electrode reaction:

v halfcell: pt, Ha/ H* (IN) ||

—Electrode
connection

H,

H2\
Salt
\fl\?/ bridge

v Design: >
Ec = zero Pllattinum
plate
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v" Limitation:

1. It is difficult to be used and to keep H2 gas at one
atmosphere during all determinations.

2. It needs periodical re-plating of Pt. Sheet with Pt. Black
Thus for these limitation we use secondary reference

electrodes.

3. Calomel electrode (secondary reference electrode)

v Half reaction: il::trical

Hgs" + 2e «——2Hg°

Hg,Cl, + 2e «——2Cl"+2Hg"

Inner tube containing

|~ paste of Hg, Hg,Cl,,
L1 and saturated KCI1

v' Half cell:
Hg/Hg2Cls, saturated KCI, 0.1N or
INKCI | |

v' The Nernest equation for the

| Saturated KCI

LR L IR HE LR
R R R

Small
) hole T Fritted disk
electrode: The potential of

the electrode depends on
the chloride ion concentration obtained from potassium
chloride in the solution. This effect is illustrated as follows:

E - RO | 0059, 1
25 Hg/Hg + 2 [ng - ]2
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The Hg 2t found is that produced from the ionization of the very
small amount of the sparingly soluble Hg2Cls:

HgoClo = 2 Hgo?t + 2CI

SP Hgaciz = [H@2#]2 [CI]?

[He2 ]? = Sp Hg,Cl,
[CI'])
-2
25 B 0.059 log [C17]
Hg/Hg 5Clo © 2 Sp Hg,Cl,
Since Sp Hg2Cly (Ksp = 1.8 x10-18) is constant value and the

chloride ion concentration with very little approximation is that
the same as KCI concentration so as the concentration of KCI
increases the concentration of Hg.?* decrease and
accordingly the electrode potential decreases. Calomel
electrode prepared in saturated KCI, TM KCI and 0.1M KCI has

potentials of: KClI E volt
Saturated 0.241
™ 0.280
However, once it is prepared in either 0.1M 0.334

one of these solutions it has a definite constant potential.

3. Ag/AgCil, saturated KCI electrode:
It is a secondary reference electrode, which has a constant

definite potential:
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v" Half reaction:

AgCls + e =Ag )+ Cl-

v half cell
Ag/AQgCI, saturated KCI | | or I NKCI | | or0.1 NKCI | |
v design Ag wire
v The Nernest equation for the Il
electrode: the potential of the
Saturated KCI +
reaction depends on the chloride /1 to 2 drops 1 M AgNO,
/
ion concentration:
E E° - 0.059 log !
Ag/Ag+ ~ - Y
[Ag™]
Because the concentrafion of Ag*
_ L ‘ Solid KCl
obtained from the ionization of the very | Agar plug saturated
small amount of AgCl dissolved from Wil EC]

. \Porous plug
the sparingly soluble AgCI:

SP agcl

Agtl=
[Ag" ] =

Spaga = [Ag*] [CI] i.e.
Spagci is a constant value the chloride ion concentration is that
of potassium chloride [KCI] so, as KCl concentration increases
the potential of the electrode decreases. It is prepared in

saturated KCI, 0.1N or 1N KCI. However, in either of these

solutions it has a constant potential.
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Disadvantage of silver-silver chloride electrode
1. Itis more difficult to prepare than SCE.
2. AgClin the electrode has large solubility in saturated KClI

Advantage of Ag/AgCl electrodes over SCE.
1. It has better thermal stability.
2. Less toxicity and environmental problems with consequent

cleanup and disposal difficulties.

B- Indicator electrodes

An indicator electrode is that which it's potential is sensitive to
the concentration of one of the products of reaction. In
potential changes rapidly with the change of concentration of
a particular ion.
It must be:

(a) Give a rapid response and

(b) Its response must be reproducible.
Now, when it is connected with a reference electrode with
constant potential the change in e.m.f. of the cell reflects the
change of the ion under examination.
These electrodes are classified into two classes

1. Metallic electrodes where the redox reaction takes

place at the electrode surface.
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2. Membrane (specific or ion selective) electrodes: where
charge exchange takes place at a specific surfaces and as

a result a potential is developed.

Metallic indicator electrodes

1.  First-order electrodes for cations:

A first order electrode is comprised of a metal immersed in a
solution of its ions, such as silver wire dipping into a silver nitrate
solution. e.g. in determination of Ag* a rode or wire of silver

metal is the indicator electrode, it is

L Vv
potential is:
O}
E® =E°  -0.059 log L
Ag/Ag Ag/Ag [ Ag +

Ag wire —_

Ag*r+ e =Ag(s) Eo = + 0.800V

Double-
It is used for determination of Ag* with ~ Junction__
saturated
-, Brr - calomel
Cl, Br-and CN-. Roooll |
¢ b

2. Second order electrodes for anions
A metal electrode can sometimes be indirectly responsive to
the concentration of an anion that forms a precipitate or

complex ion with cations of the metal.
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Ex. Silver electrode
The potential of a silver electrode will accurately reflect
the concentration of iodide ion in a solution that is saturated
with silver iodide.
Agl(s) + e=Ag(s) + I Eo=-0.151V
=-0.151 - (0.059216/1) log [I]
=-0.151 + (0.05916/1)pl

. Inert electrodes

Chemically inert conductors such as gold, platinum, or
carbon that do not participate, directly, in the redox process
are called inert electrodes. The

potential developed at an inert

electrode depends on the nature
and concentration of the various o

redox reagents in the solution.

Ag(s) | AgCl[sat'd], KCI[xM] | | 3
Ag | AgCl | CI
Fe2 Fe%) | Pt plus
salt bridge
Fest+e = Fe2* Eo = +0.770V Reference
electrode

Ecell = EindicoTor - Ereference

= {0.770 — (0.05916/1) log [Fe2]/[Fe3*]} - {0.222 — (0.05916/1) log
[CF]}
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Membrane indicator electrodes

The potential developed at this type of electrode results from
an unequal charge buildup at opposing surface of a special
membrane. The charge at each surface is governed by the
position of an equilibrium involving analyte ions, which, in turn,

depends on the concentration of those ions in the solution.

v

internal reference

electrode

Reference

solution ™~ / External reference

<] _ / electrode
membrane |
\\\‘ -
Analyte solution

1. Glass electrodes for pH-measurements:

This is the most used one for measuring the pH. It is one of the

ion selective electrodes, which is specific for hydrogen ion. In

this type of electrode the membrane consists of a thin
envelope of soft glass sealed into the end of a hard-glass tube.
The tube is filled with a dilute solution of HCI in which a silver

wire is immersed thus forming a silver-silver chloride reference
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electrode. The acid also provides a solution of hydrogen ions of
constant activity “a”.
This electrode can be represented by the half-cell:

Ag(s) | AgCl[sat'd], Cl(inside), H*(inside) | glass membrane |

H*(outside)
E = E° - (0.05916/1) log [CIF] + (0.05916/1) log ([H*(outside)] /[H*(
inside)])
E= Q +(0.05916/1) log [H*(outside)]

Reference

electrode 1 Glass electrode
— - ch ~

External Internal
analyte solution reference solution
SCE | [H,0']=gq, | meﬂﬁzm I[H,0%] = a,, [C1"] = 1.0M, AgCl (sat’d) | Ag

EI Ez pS . "y

L —
Reference electrode 2
Esx E E,=E —E, E,, s
1o
pH meter
To
pH meter

Saturated calomel \ [

electrode, Egeg
._._._'_____..--"

Glass electrode,
— Eing

Filling port
—Fillin rt

——Wax or gel & po
insulation KCl_ |
solution

Ag/AgCl reference

Solution of clectrodes

unknown pH Heavy-walled

glass

J 0.1 M HCI —Glass frit
saturated with
. AgCl
‘ Magnetic stirrer Thin pH glass
membrane
{a) {b)
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Theory of operation

When a thin membrane of glass of special composition

separates two  solutions  of T, o— Lo .
. . H'..~ | | -
different hydrogen ion e -_o Glass O-'"H .
concentration a potential is H .97 = O
H' H s Na' = O
developed on this membrane
) Internal External
depending on the  solution solution

concentration of hydrogen ion (more accurately on its activity

in the two solution.)

Composition of glass membranes
70% SiO2 30% CaO, BaO, Li2O, Na20O, and/or Al20O3
lon exchange process at glass membrane-solution interface:

SIO~Na* (solid) + H* (solution) <> SIO~H* (s0lid) + NQ* (solution)

Membrane
a) |a'y a's| as

Anal Ag/AgCl
5;.:&::‘ Na G~ Reference

Electrode

/" \\
H'+G, «H'G, HG, &©«H +G;
E; E »

This potential, due to change, i.e. ion exchange that takes
place between H* and one of the component ion of the glass
matrix H*, is exchanged in the form of H3O* thus hydration of

the membrane is necessary. Changes will be concentrated on
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both surfaces at different concentration depending on the
different H* activities in the two solutions.

As result of this change imbalance a potential is developed. It
given by the following equation:

E=K+0.059 (pHi - pH2)

K= constant known by the asymmetry potential.
PH; = pH of the internal solution 1.
PH> = pH of the external solution 2.
The final equation is:
E=K - 0.059 pH

Where K is a constant formed of four components

1. Asymmetry potential

2. E of the 2 reference electrodes
3. pH of the internal solution

4. Liquid junction potential

Salt bridges and liquid junction potential:

Connection between two electrodes is made by a junction
which allows transference of charges without mixing of the two
electrodes solutions. This is done by the use of salt bridge which
may be in the form of a bend or inverted U shape tube being
filled with an agar gel prepared in saturated potassium chloride
(KCI) or potassium nitrate (KNO3) solution. The bridge may be in
the design of the electrode itself as a wick saturated with KCI or
disc filled with KCIl. The bridge has two boundaries one
between it and the solution of the cathode and the other with

that of the anode solution. A potential is developed at both
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boundaries of the junction, which is known by liquid junction
potential. It is due to the difference in rates of migration of both
anions and cations of the bridge salt and electrolytes in the
electrodes solutions. This difference results in unequal charge
distribution at the boundaries thus producing a potential.

To reduce the liquid junction potential to only few millivolts one
has fo:

1. Use a sat for preparation of the junction which its
cation and anion have very near mobilities, so that
they move by the same rate e.g. KCl and KNO:s.

(K+ =74, Cl-=73 and NO3 = 76)

2. Use high concentration of the salt for preparation of
the bridge, to reduce the effect of difference in
rates of migration of other ions in the electrode

solutions.

Advantages of glass electrode: It can be used in presence of
oxidizing, reducing, complexing and catalytic poisonous
substances. Also in reactions involving volatile constituents’

noble metals....

Disadvantage:
1. Delicate, it can’t be used in presence of dehydrating

agent e.g. conc. H2SO4, ethyl alcohol....
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2. Interference from Na* occurs above pH 12 ie. Nao*
exchange together with H*above pH 12 and higher
results are obtained.

3. It takes certain time to come to equilibrium due to

resistance of glass to electricity.

2. Combination electrodes
A typical modern pH probe is a combination electrode, which
combines both the glass and reference electrodes into one
body. The combinatfion electrode consists of the following
parts:
1. asensing part of electrode, a bulb made from a specific
glass
2. sometimes the electrode contains a small amount of AgCI
precipitate inside the glass electrode
3. infernal solution, 0.1 M HCI
4. internal electrode, usually silver chloride
electrode or calomel electrode
5. Body of electrode, made from non-

conductive glass or plastics.

6. reference electrode, usually the same type

B wNOO

as 4

7. Junction with studied solution, usually made

—

from ceramics or capillary with asbestos or

quartz fiber.
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http://en.wikipedia.org/wiki/Asbestos

The pH electrode is best thought of as a fube within a tube. The

inside most tube (the inner tube) contains an unchanging

saturated KCl and a 0.1 M HCI solution. Both the inner tube and

the outer tube contain a reference solution but only the outer

tube has contact with the solution on the outside of the pH

probe by way of a porous plug that serves as a salt bridge

2. Hydrogen electrode:

nelectrode reaction:

H+ 1 e < Pt.balck )}/ H2

2
1
E =zero - 0.059log ——
[H]

aoNernest equation
E =-0.059 pH
aDesign:
When it is connected with NHE as

reference electrode the e.m.f. of the

—Electrode
connection

H,

\Y"\/)/ Salt

bridge

Platinum
plate

cell:
Ecel = zero —(—0.059 pH)
=0.059 pH
pH =E/0.059
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aDisadvantages:-

1. It cannot be used in solution containing oxidising agent
which will oxidiose [ 2 H, = H* + e ] or reducing
substances which willreduce [H* + e = 2 H2 ] especially
in presence of platinum black

2. It cannot be used in reactions involving volatile
constituent’s e.g. CO», as it will be bubbled out by the H»
gas.

3. It cannot be used in presence of catalytic poisons
which will affect Pt black which catalysis the electrode
reaction.

4. It needs re- plating with Pt black.

5. It is not easy to keep H2 gas at one atmospheric

pressure during all measurements.

3. Antimony electrode Sb/Sb203

aElectrode reaction:
Sbo O3 + 6H*+6e = 2Sb + 3HO

aoNernst equation

0.059 [Sb]*
Esbisny03 = E° - ——— log
o 6 " [SbO5][H'T’
2
or EZ_g0.[0059, [So" | (0059, =~ 1 :
6 [Sb,05] 6 [H*]
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E25 = E0-0.059 pH
o Design
It is prepared by allowing a rod of antimony to cast for two

or three weeks in air. It should be standardized before use.

nAdvantages

Easy to use, cheep and durable.

oDisadvantages
1. Can only be used within pH range 2 — 8 at lower pH Sb203
dissolves and at higher pH Sbe dissolves.
2. 1t cannot be used in presence of oxidizihg agents,

reducing agents, complexing agents and noble metals.

4. Quinhydrone electrode

Quinhydrone is an organic molecular compounds formed by
the addition of quinone and hydroquinone in equimolar

proportion.

It is slightly soluble in water and is partially dissociated in

aqgueous solution to quinone and hydroquinone
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o OH
+
O o o) OH

Quinone [Q] hydroquinone[H2Q]

@) OH

+2H +2e

O OH

Quinone and hydroquinone constitute a conjugate redox pair

If an inert electrode such as platinum wire is immersed in the

system potential is developed and given by Nernst equation:

0.059,  [H,Q]
EQ/HZQ - OQ/HZQ ) 2 Iog [Q][|2_|+]2

0 0.059, [H,Ql) (0059, 1
Bamaq = Eamao —( 5109 [é] ]—( > '09[H+]zj

To measure the hydrogen ion concenfration about 0.1 g of
quinhydrone is added to the solution, the quantity must be

sufficient tfo saturate the solution and have some undissolved
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quinhydrone. After stirring for two minutes the redox potential is
measured by dipping a platinum electrode and connects it

with a suitable reference electrode.

nAdventages

1. Itis not affected by catalytic poisons.
2. It gives satisfactory results in presence of carbonic acid.
3. Easy to prepare and use.

4. |t comes to equilibrium rapidly.

aDisadvantages:

1. It cannot be used in presence of oxidising agents which
oxidise hydroquinone to quinone also reducing agents
that reduce quinone to hydroquinone. This affects the
ratio of [H2Q]/[Q] and makes the equation un-applicable.

2. The upper limit of the electrode use is pH 8 above which
hydrogquinone, which is, weak acids dissociates and affect
the pH.

3. Atmospheric oxygen slowly oxidizes hydroquinone. It

needs to be used freshly.
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Application of potentiometry

1. Direct potentiometric measurements

The cdlibration curve method in which we plot the potential of

the cell versus a series of standard solutions of extra pure grade
of substance to be determined. Then measure the potential
obtained when using the The most important application of this

method is the determination of pH.

2- Potentiometric titration

In this method we measure simultaneously the potential [E2s]
developed when a sensitive electrode is immersed in the
solution to be fitrated after successive addition of the fitrant i.e.
we add certain amount of the ftitrant then measure the
potential and repeat the process. Then we plot a curve
representing the Exs against ml of titrant from which we can
determine the end point i.e. the method is a mean for
determination of the end point.

It is used for all types of volumetric analysis: acid base,

precipitimetry, complexometry and redox

It is used when it is not easy or impossible to detect the end
point by ordinary visual methods i.e:
1. For highly coloured or turbid solutions.

2. For very dilute solutions 103, 10-¢ M.
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3. When there is no available indicator

End point determination:

Several methods can be used to

determine the end point for a

potentiometric titration.

a) Normal curve: it is a plot of
potential against volume of
titrant.

b) First derivative curve: it is a plot of
the change in potential per unit
change in volume (A E/A V)
against volume of titrant.

c) Second derivative curve: it is a
plot of the change in the change
in potential per unit volume (A2

E/A V2) against volume of titrant.

Vol of Evs. AE/A A’E/A
AgNO:;  SCE, V, V?
ml \Y/ Viml

5.0 0.062 0.002
15.0 0.085 0.004
20.0 0.107 0.008
22.0 0.123 0.015
23.0 0.138 0.016
23.5 0.146 0.050
23.8 0.161 0.065
24.0 0.174 0.09
24.1 0.183 0.11 2.8
24.2 0.194 039 44
24.3 0.233 0.83 -59
24.4 0.316 024 -1.3
24.5 0.340 011 -04
24.6 0.351 0.07
24.7 0.358 0.050

25 0.373 0.024
25.5 0.385 0.022
26.0 0.396 0.015
28.0 0.426

Potentiometric titration data for
2.422 mls of chloride with 0.1 F
silver nitrate

> 04 ! 1.0 0.6

i |

% L 081 0.4 |-

£ 03— [ 02

= End point > 0.6 - B

5 & 2 o0

=] =g 04 - LN

S 02 5 “

3 | S, 02

5 | 2

§ | -0.4 —

= 0.1 L L 0 -0.6 |
20 22 24! 26 20 20

Volume 0.100 M AgNO,, mL

Volume 0.100 M AgNO;, mL

T
22 24
Volume 0.100 M AgNQO;, mL

26

30
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Application of potentiometric titration in:

a) Nevutralization reactions:
The electrode system s
glass / calomel electrode.
The instrument used is pH-
meter which is a
potentiometer, the millivolt
scale of which is converted
to pH scale by dividing the

potential over 0.059. The

pH

value of asymmetry potential

(K) is balanced by means of

potentiometer which feeds a

value of (-K) when using a

buffer of exact known pH

and adjust the scale to the

pH value of the buffer. The

titration curve is a plot of pH

12.00

6.00 +

400 +

2.00 +

0.00

dpH | dv

Titration of 2.5 mmaoles of Xa: 00 with 0,125 M HCI

Volume of HCI fmlL

First Derivative
|
x !
" iJ.-
* h IFI .
-"‘*l—?—-—l“"I ) .-\“—-,—I‘_- : | ——
10 ) k1] 40 ]

Volume of HCI F il

values obtained during the fitration versus the volume of titrant.

All the possible titration curve discussed before in neutralization

reactions can be obtained by applying potentiometric

titrations.
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b) Precipitation reactions:

. . . 5 {}12 T T T T T

For ~a precipitation %

oy
e o S
fitrafion the indicator £ .| Ag” +Cl = AgCl
electrode is often the T

1]
metal from which the g 0.08 - Ag”+Br = AgBr
reacting  cafion is s« -

, 006 F Ag +I = Agl

derived. The most ~.

m | | | | |

widely used volumetric

precipitation reagent is

0.0

0.1

0.2

0.3

0.4

Volume, mL

0.5

silver nitrate, which is employed for the determination of the
halogens, the halogenoids, mercaptans, sulfides, arsenates,
phosphates and oxalates. The titration curves obtained in
determination of different halides and their mixtures with silver

nitrate is shown below.

c) Complex formation titration:

Similar to precipitation reactions both metal and membrane
electrodes can be used to detect end point for reactions that
involve formation of soluble complexes. By far, the most
important reagent for complexometric titrations are a group of
amino carbxylic acids of which EDTA is the most widely used
one (HaY).

The indicator electrode commonly used in EDTA potentiometric

titration is mercury as a second order electrode. When using it a
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drop of 0.005-M mercuric editate complex is added to the
solution to be determined before fitration.

The electrode reaction:

HgY- + 2e = Hgo + Y4

For which:

4—
E=0.21- 0.059 log [Y"]

2 [HoY ]

The complex is very stable, thus its concentration remains
essentially constant over a wide range of [Y4] concentration.

To relate the electrode potential to EDTA concentration:

E=K- —0'259 log [Y*]
K. 0.259 oyt

Where K is a constant

K= 0.21—@ log 1t

2 [HoY "]
Many cations and their mixtures can be determined by this
electrode e.g. a mixture of Bi3*, Cd?* and Ca2* can be
determined by EDTA at different pH using the mercury
electrode. At pH 1.2 Bi3* reacts and at the end point sharp
change in potential occurs, then adjust pH at 4 where Cd2?*

only reacts, similarly at the end point distinct change in
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potential occurs now raise the pH to the basic side using
ammonia/ ammonium chloride buffer, EDTA forms stable
complex with calcium. The fitration curve will be a plot of the

electrode potential versus milliliter of EDTA.

0.12
0.10
0.08

0.06

E, V vs Ag/AgCl, 1M KCI

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Volume, mL

Titration and derivative curves for determination of Ca2+ with

EDTA.

d) Redox titration:

A platinum electrode responds rapidly to many important
oxidation couples and develops a potential that depends
upon the concentration ratio of the reactant and the products
of such half reactions. A plot of the measured potential during
the titration versus mil. titrant will give the fitration curve where
the change in the potential becomes larger at the
equivalence point as the equilibrium constant of the reaction is

great sharp inflection at equivalence point occurs:
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For example for reaction of Fe3+/ Fe2r with Ce4+/Ces*

Iog Keq n ( EOX|d|smg reducmg)
0.059
log Keq 1 45-0.77
0.059
Keg =4.17 x 10"
Table: Summary of potentometric titration electrode systems
Titration Ind.elec. | Ref. elec Equations Application
Acid - base Glass Calomel or | E=K+0.0591 pH | Acid-base
Ag/AgCl titration
Redox Pt Calomel or | E=E° +0.0591/n | Ce#, MNOy«
Ag/AgCl log [Ox]/[red]
Preciptmetry Silver Calomel E = E° +0.0591 Halides
log [Ag]
Complexometry | Hg/Hg(ll) | Calomel E=E° Metal-EDTA
+0.05%91log[Ky — | titration
PM]
K glass electrode constant and K; constant derived from Hg(ll)-EDTA
equilibrium
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