energy

+V

Fe3*

Voltammetry

!

-2
- / /
a\\jllll.l

Chemical reaction

Fe2*

Homogeneous Electron Transfer
using a chemical reactant FeCl;(aq)

[ ™%

Fe —= Fe + e

k&S

T

Poeental ! v

Fc*

1



Voltammetry

Heterogeneous Electron Transfer
using an electrode

solution electrode
surface

\

e eIectrer
potential

F + " same as
C Energy of
the electrons

Fc* potential = electrode potential
equilibrium

Voltammetry

Heterogeneous Electron Transfer
using an electrode

e.
Fc* '

Fc
solution electrode solution electrode
reduction of Fc" at the cathode species reduced

exchange of an electron = current



Voltammetry

Heterogeneous Electron Transfer
using an electrode

th -+

Fc'
solution electrode solution electrode
oxidation of Fc at the anode species oxidized

exchange of an electron = current

Voltammetry




Voltammetry

i reference
auxiiary — alactrode

electrode
N i \ / working
line ——b | | I —electrode

Voltammetry

Circuit

Potentiostat

Reference
electrode

Working
electrode
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Voltammetry

Voltammetric scan

Potential

>
®

1
start Time end

signal

Current

Voltage

response

Voltammetry

US Convention

™\
Reduction

—

== .
Oxidation
AV

Current

High (V) Low
Potentials Potentials

Current

IUPAC Convention

\
Oxidation

Reduction
\/

Low \")) High
Potentials Potentials



Voltammetry
Experiment 10

20 vt : ' T
- 1
. - !
/N !
15 |- anodic £ TN 1
/ ]
current N { |
| ~. 4
T {
10 |- / . — -+
8 | o
1‘ e e 4
< { e
- A )
g o[ 1
£ / Fe[CN)y*, ¢ = 1,98x107 molL |
a / f Electrode ares: 7.85¢10°F om’ |
% S / Scan rate: 20 mv/s {
. e 'r' Electrolyte KCI 1,0 mal/L |
0 = |
~s / 1
: \ ! | eathodic 1
-5 N\ / {
" reduction N current oxidation |
- e f— ‘\__./ .‘
.10 -n - - | - A Lo Ao d A VY U WY VY Vil Vi G VA VO W TGS = “
0 0.1 0.2 0.3 0.4 0.5 0.6

potential (V) vs. Ag/AgCI/Cl{aq. 1.0 mol/L)
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Voltammetry
s \ _—
11
C
N> N

4K*

Potassium ferrocyanide K,Fe(CN)s-3H,0  (Fe?")

Reversible system often used as a type lll reference electrode in water

12
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Current (A)

Voltammetry

Other iron based redox-system: Ferrocene

G0

Reversible system often used as a type |l reference electrode in organic solvent

Voltammetry

1 Y 1 L I I N I n I ] I
03 02 -01 00 01 02 03
Potential (V vs Fc*/Fc)

1
Q 1 A
0
0 d
away from
Electrode the eleqtrode
surface (solution)

Bulk
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Current (A)

Current (A)

Voltammetry

Ll

T [ R TR T T P
03 02 01 00 01 02 03

Potential (V vs Fc*/Fc)

Voltammetry

L LS LA A A B
03 02 -01 00 01 02 03

Potential (V vs Fc*/Fc)

4 4
B
&)
E " E112
0..
0 d Bulk
RT. [Fct
g =g 4 R, [Fe]
F [Fc]
1
%) C
= Peak
0 I
0 d Bulk
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Current (A)

Voltammetry

1
O, D
o Ll
¥ 0 d
| T R, PR G P
03 02 01 00 01 02 03
Potential (V vs Fc*/Fc)
Voltammetry
Capacitive current
Single reversible system
—
c
e
|-
=)
0 two reversible systems
irreversible system
50 pA [

L] l L) ' L) I ' I L] l L I L
-0.25 -0.50 -0.75 -1.00 -1.25 -1.50
Potential (V vs Fc*/Fc)

Bulk



Voltammetry

Potential (V vy FolFe®)

Redox system with several oxidation states

19

Voltammetry

kinetic = diffusion

kinetic > diffusion

/

kinetic < diffusion

current

\ ,potential

No reaction

Kinetic: Butler-Volmer equation ip = 0-446"FAC0(

Diffusion: Fick equation

nFoD), )é

Randles—Sevcik
equation

20



Voltammetry

current

potential

ipeak = 2.69X 105 n3/2 A Co VD V

ieax- PEAK CUrrent (A)

A surface area of the electrode (cm?)

C,: concentration of the species in solution (mol/cm?3)
D: diffusion coefficient (cm?/s)

v: scan rate (V/s)

Randles—Sevcik
equation at 25 °C

21
Voltammetry
— 100 mV/s x
30r 50 mV/s 30+
—25mV/s
20F ——125mV/s 20+
- —6.25mV/s
<10 = 104 !
yey 3 *  AnodicBranch R=098
g 0 £ 04 * Cathodic Branch R=0.98
-
S 5
-10 Q.10
-20 A 220 4 B
-30

LS ¥ T LS T L] . Ll '30 T T T LS L] 1
10 -12 -14 -16 -18 -20 -22 -24 0.05 010 015 020 025 030 035
Vs Ag/Ag Scan Rate"* (V/s)'"?

ipeak = 2.69x10° n*? Ac, VD v

To check for linear diffusion

At 25°C

22



Voltammetry

A ,
90 ymol L

Current / pA

10 ymol L'

»
»

02 04 06 08 10 12 14
Potential / V

ipeak = 2.69%x10° N"*? Ac, VD v

The peaks of current with different concentrations of a given molecule in a CV experiment. J. Braz. Chem. Soc., Vol. 26, No. 5, 1034-1042, 2015.
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Voltammetry

To find ipe, cathodic and anodic

capacitive current

.....

Current (A)

Subtract the capacitive
current by making a line

T rlrdlsrlrsrlhrr v 1
-03 02 -0t 00 01 02 03
Potential (V vs Fc'/Fc)
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Voltammetry

To find the reversible potential

Current (A)

L)

T TR
-0.3

1
-0.2 -0.1

I
0.0

T oy
01 02 03

Potential (V vs Fc'/Fc)

Polarography

Nob”

&m&g&§ \%\‘\“\“

spherical diffusion

current

Jaroslav Heyrovsky
Invented in 1922
Nobel prize in 1959

potential



Polarography

Electronically
controlled

Hg drop —
dispenser

- | Potentiostat

Capillary tube

Platinum auxiliary
electrode

Analyte solution
) Drop_ping-mercury
Calomel working electrode
reference Mercury drop
electrode

Pool of used mercury

Polarography apparatus featuring a dropping- mercury working electrode.

27

Polarography

iLuA

Cd +2e = Cd

Eys EV
Polarograms for (a) 0.5 mM Cd(lI)(OH,)¢2* in 1 M HCl and (b) 1 M HCI.

= RT ig—i
E_El/z+;l_l~: H'T'

28



L, uA

Polarograms for (a) 0.5 mM Cd(II)(OH,)s?* in 1 M HCl and (b) 1 M HCI.

Ilkovic equations

favg = 607nD'2m?/3tV/6C

29

For the analysis of electroactive
compounds

Organic compounds:
Carbonyl
carboxylic acid
C=C compounds

metal ions :
Lead, tin, cadmium, iron

inorganic anions,
10;™ and nitrate

30

Polarography

Cd* +2¢ = Cd

Ez

EV

t = drop lifetime (s)

Polarography

M = mercury flow rate (cm3/s)
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[{a)

current

Voltammetry s=12Dt (diffusion layer)
disk electrode

(o)

current

potential

N mastly bnear d®asion

change In current

Potential 4+

Surtace wacton
of an adwarted s e

AN

‘potential

Anodic stripping voltammetry

Potential profile imposed to the electrode with time

A

Metal ion reduction in the mercury drop

Time ———»

>>r electrode

WL 5o

No diffusion



Anodic stripping voltammetry

1R2-0.996
Cd(IN) 27 YT 06x 1832
3001 45pgL. || 2 ,
:l:gl i\ Ph(Il) = %A
2 250 Al £
2 il N 5
| \ 0
~ 200 Int| il " -
= 5w w % & @
@ 150 "-ﬁl ' _Concentration of Cd(I1) (pg/L)
=) o\ U R=0.995
= 100- ‘ 220y 01 348,60 o
o | S0 54
50 - 2 Ew B 7
Eu:n o
0 T T = "' == T ~ 0
1.0 0.8 0.6 -0.4 o]

Potential/V (vs.Ag/AgCl)

0 10 2 3% & 50
Concentration of Ph( Il ) (pg/L)
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Voltammetry ultra micro electrode

34



Voltammetry ultra micro electrode

current

potential

Isteady state — AnFDr Co

35

Exercise
Use a voltammetric analysis to calculate the diffusion coefficient D
of iron-2,2'-bipyridine at 25 °C.
Reaction: [Fe(bipy)s]?* = [Fe(bipy)s]®* + 1e”

c= 1.003 mM,
ipeak (ox) = 209 nA,
scan rate = 2.00 VI/s,
Aelectrode = 0.500cm?

36



B Exercise

Use a voltammetric analysis to calculate the diffusion coefficient D
of iron-2,2'-bipyridine at 25 °C.

Reaction: [Fe(bipy);]>* = [Fe(bipy)s]** + le”
c= 1.003 mM,
ipeak (OX) = 209 nA,

scan rate = 2.00 V/s,
Aelectrode = 0.500cm?

| I' ipeak = 2.69x10° n* Ac, VD v

; ] Randles—-Sevcik
] equation at 25 °C
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- Exercise
Use a voltammetric analysis to calculate the diffusion coefficient D
of iron-2,2'-bipyridine at 25 °C.
Reaction: [Fe(bipy)s]?* = [Fe(bipy)s]®* + 1e”

c= 1.003 mM,
ipeak (0X) = 209 nA,
scan rate = 2.00 V/s,
0.500cm?

Aelectrode =
Ipeak. = 2.69%10° % Ac, VD v

i )2
D= peal

2.69x105 n¥2 A c, vl/ZJ

38



Exercise

Use a voltammetric analysis to calculate the diffusion coefficient D
of iron-2,2'-bipyridine at 25 °C.

Reaction: [Fe(bipy);]>* = [Fe(bipy)s]** + le”
c= 1.003 mM,
ipeak (OX) = 209 nA,

scan rate = 2.00 V/s,
Aelectrode = 0.500cm?

ipeak = 2.69%x10° "*? Ac, VD v

209x10°A

2.69x105 (1)32 (0.500 cm2)(1.003x10- mol/2000 cm?)(2.00 V/s)12

39

Exercise

Use a voltammetric analysis to calculate the diffusion coefficient D
of iron-2,2'-bipyridine at 25 °C.

Reaction: [Fe(bipy)s]?* = [Fe(bipy)s]®* + 1e”
c= 1.003 mM,
ipeak (OX) = 209 nA,

scan rate = 2.00 VI/s,
Aelectrode = 0.500cm?

ipeak = 2.69 X 1.0S n3/2 A Co VD "4

D =1.2x1012cm?/s

40
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Migration current

Migration current vs. Diffusion current

The “active species” concentration should be
less than 5% than the one of the electrolyte to
prevent any migration current

D.C.
Source Ammeter

- @
e” ¢
!

Anode Cathode
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