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FIGURE 14.1 A representation of the general basis of electroanalytical methods.
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FIGURE 14.2 A representation of an electrochemical cell as described in the text. One electrode is the anode, the

other the cathode, and electrons generated by the oxidation process at the anode flow through the external circuit
to the cathode, where reduction takes place. This flow of electrons constitutes electrical current in the external circuit.

Types of electrochemical cells:
a. Galvanic cells b. electrolytic cells
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Fizure 16.2 : A Potentiometric Titration Assembly.

The vanous components shown in Figure 162, are as follows :
A = Saturated Calomel Electrode (SCE),

B = Indicator Electrode,

C = Burette to discharge titrant in the reacting vessel,

D = pH Meter with a mV scale,

E = Magnetic sturer with vanable speed, and

F = Magnetic Guide.
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Current — Voltage Relationship (/-Ecurve) in Polarography

Half-wave potential characteristic for

each electroactive species i, limiting current plateau
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Polarographic data

Halfwave potential
The E,, value is the inflection point of the aurve.

It can be found by taking the derivative of the curve
or by determining the E at one half of the i,
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Polarographic data

Diffusion wrrent The rate of diffusion to our electrode s
concentration dependent based on the llkovich
equation

id =706 nC Dll2 m213 tllb

iy = currentin LA n = # e in transfer

C = concentration D = diffusion coefficient
m = mass of drop  t = drop time



Polarographic data

Diffusion wrrent

If t, m, D and n are constant, then we can simplify
things by using a standard.

Then iy
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Polarographic data

If more than a single spedies is present, the wwrves will
add on top of each other.
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14.5.5 Potentiometric Titrations

It is possible to monitor the course of a titration using potentiometric measurements. The pH electrode,
for example, is appropriate for monitoring an acid—base titration and determining an end point in lieu
of an indicator, as in Experiment 10 in Chapter 5. The procedure has been called a potentiometric
titration and the experimental setup is shown in Figure 14.11. The end point occurs when the measured
pH undergoes a sharp change—when all the acid or base in the titration vessel is reacted. The same

FIGURE 14.11 A setup for a potentiometric titration.
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Spreadsheet Documentation

A B C D E F G H | J K
1 |Spreadsheet for titration of 50.00 mL of 0.0500 M Fe®* with 0.1000 M Ce**
2 [Initial Conc. Fe™, M 00500 £%,, 068
3 |Vol. Fe™*, ml 5000 E%ey 144 150
4 |Conc. Ce¥, M 0.1000 140 EXGSSC?—"‘
5
6 Volume Ce®,mL  [Fe™]  [Fe™]  [Ce™] [Ce"] EopmV| '
7 500 0.009091 0.036364 064 120
3 10.00 0.016667 0.025000 067|
9 1500 | 0023077 0015385 069| 3" eq 4
0 20,00 0028571 0.007143 072|  ¥ypp
T 24,00 0032432 0001351 076
12 24.90 0.033244 0.000134 082| 0%
13 2500 | 1] I ‘
14 25 10 0033289 0000133  1.30 ' Excess
5 26.00 00320895 0001316  136| 070 —fepk
6 30.00 0031250 0006250  1.40
17 35,00 002412 0011765 142 0%
18 40.00 0027778 0016667 143 i
19 Volume Ce(lV), mL
20
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Figure 1.3.9 Two-electrode cell.
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Direct coulometry
Al gl g8l bl

Constant potential i o gas

As the reactants are consumed, the wrrent
decreases. When the reaction is complete, the current
is negligible.

The area under the
curve equals the
number of coulombs
used.

current

time



Direct coulometry

Constont wrrent
The wrrent is held constant by ‘floating” the
potential. The reaction is complete when the
potential no longer changes.

Either type of
wrve is possible
based on the
reaction involved.

time
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Current Titration

Meter cell

Fig. 2.1 Conceptual diagram of a coulometric titration apparatus.



Q. Calculate the time needed for a constant current of 0.96
A to deposit 0.5 g of Co(ll) as elemental cobalt on the
surface of a cathode. molar mass of cobalt = 58.93

M_It
96500 n
 58.93%0.96 ¢
2%96500

m=

0.5

~ 0.5%2x96500
~58.93%0.96
=1705.76 s
=284 mins

Time needed to deposit 0. 5 gm of cobalt = 28.4 mins.



1.e. 2Br — B +2 e

Br
e )
Br
. v " Cyclohexene 2 — dibromo-
- Example Coulometric Titration ’ Cyciohexane

A 2.000-mL volume containing 0.611 3 mg of cyclohexene/mL is to be titrated in
Figure 17-8. With a constant current of 4.825 mA, how much time is required for
complete titration?

Then:

Solufion The quantity of cyclohexene is

(2.000 mL)(0.611 3 mg/mL)
(82.146 mg/mmol)
In Reactions 17-7 and 17-8. each mole of cyclohexene requires 1 mol of Br,, which

requires 2 mol of electrons. For (0.014 88 mmol of cyclohexene to react, 0.029 76 mmol
of electrons must flow. From Equation 17-3,

= (L0114 88 mmol

I-t (moles of e™ ) F
Molesofe- =—=1 =
F ]
0.029 76 = 1077 mol)(96 485 C/mol
f= mol)( mol) _ 595.1 s

(4.825 % 1073 C/s)

It will require just under 10 min to complete the reaction.
Dr.Jehad Diab



