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Se rompe el
Equilibrio
Electroquimico:
Migracion ionica.
Se enriquece D
la doble capa
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Esfera interna
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Se rompe el capacitor de la interfase 4
cargada: hay transferencia de carga
a través de la interfase, COTTREL| - |CRONOAMPEROMETRIA
Gradciente de concentracida->difuside

Reaccidn de transferencia
Reaccion electroquimica m =) | CRONOPOTENCIOMETRIA l
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CONDICIONES OPERATORIAS
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¢cudl es la relacion entre corriente, resistencia y

el potencial impuesto externamente
Para una disolucion ionica?

Los iones se mueven
Lentamente.

TT Los electrodos
Se polarizan:
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Electrode
variables

Méterial
Surface area (4)
Geometry
Surface condition

Mass transfer
variables

Mode (diffusion,
convection, . ..)
Surface concentrations

N dsorption

Solution variables

External variables

Temperature (T)
Pressure (P)
Time (1)

Electrical variables

» Potential (E)
Current (i)
Quantity of electricity (Q)

Bulk concentration of electroactive
species (Cq, Cg)

Concentrations of other species
(electrolyte, pH, .. )

Solvent

Figure 1.3.2 Variables affecting the rate of an electrode reaction.
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LOS ELECTRODOS Y LAS CELDAS
Sistema de 2 electrodos:

@ TANAL LT 1
amperimef[ro 3 8 JUL 2

- potenciostato ALE JANDRO

Electrodo de referencia: ER

T~

Electrodo de trabajo o indicador: ET

Power

| ' supply
i .

Q
Working \_/ Reference

electrode electrode

Eappl

FQ UNAM Tlejcmzrmﬂﬁ_@




B) Sistema de tres electrodos:

-

{ an
——_ Potenciostato
0
- | galvanostito
amperimetro
Electrodo .
— : .
de trabajo
electrodo =
auxiliar >
(EA)
Refrerencia
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.

Power

supply

Working Auxiliary
electrode electrode
s Eyyus. ref In cell notation

Working or
T, indicator

Reference
electrode —> Reference

Auxiliary or:
‘ counter
electrodes
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C) Sistemas de 4 electrodos:

EA
ER N 37 Fase organica
>~ —_— | Potenciometro
> 0
ER A — 1 galvanometro
= < F
potenciometro e ase acuosa
EA

- Amperimetro
FQ UNAM Alejandro Baeza 2007 12



Condiciones operatorias (I)

1) Los electrodos: 3

EA: Gran superficie
ET: MICROELECTRODO
ER: (dE/dI) — O

1) Electrolito soporte inerte

2) Régimen hidrodindmico controlado

FQ UNAM Alejandro Baeza 2007
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Régimen hidrodinamico controlado:

égimen convectivo laminag

ultramicroelectrodos

Flujo continuo

ejandro Baeza 2007 14
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Fia. 19. Scheme of polarograph. (A)~(B)
Potentiometric wire; (C) sliding contact;
(F) photographic casette; (G) mirror galva-
nometer; (K) dropping electrode; (N) refer-
ence electrode; (R) galvanometer sensitivity
reductor; (S) slit through which the beam

FQ UNAM Alejan@R3texrg . thephotographic casette. s




Dropping-mercury
electrode assembly

Polarographic cell

(exaggerated scale)

Meter A
stick

(43

Glass wool

» __Leveling
bulb

When electrons flow
this way, the current

is said to be cathodic
(positive).

":i.-‘
S B

Glass capillary
(marine barometer
tubing)

| Electrical contact

~

[ N, —= g

in —

Calomel
reference
electrode

!
.
1
I
with QO |V Power
| .
‘mercury column J-. supply
: .
' —— _JJ
I
1

—_ e . e e e e = owm e e wm

II N, outlet .___/_.;_____ _ _
- Polarograph

When electrons flow
this way, the current
is said to be anodic
(negative).

Platinum auxiliary
electrode
Analyte solution

Dropping-mercury
working electrode

Mercury drop

Pool of used mercury
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- 18-2  Shape «

(b)
Valve gap
adjustment

Valve seal
adjustment

4

o °| | Bsssssss— Return spring
e

T Coil

133

Ferromagnetic
material

Inlet port

i Mercury

Valve

Working
contact

’ Septum
=2 (a) Modemn polarographic equipment

ercury electrode, sample cell, and controls. (The
an also be controlled entirely from software on
er unit that is not shown.) (b) Schematic of
wtrode. Mercury from the internal reservoir

lass capillary through the stainless steel tube.
valve is held in the closed position by the return
E top of the assembly. Electrical current

ithe coil at the top of the assembly to open the
precisely determined time to allow a mercury
desired size to form before the valve closes

r measuring current and voltage with the static,
)p, the drop is dislodged by 2 mechanical drop

b shown) and a new drop of exactly the same
ensed. Continuous electrical contact is made to
ycolumn via the stainless steel tube even when

]

il

Glass capillary

closed. [Courtesy Bioanalylite) dysNiAMedlejandro Baezg

Retaining ring

Stainless steel
tube
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(3)

—  (5)

. ESESTNTENET J
F2
Micropolarographic cell, V=500 ul. 1) DME; 2)

: ) hi , . ; Reference electrode Ap°lAeCl
0.1M]}; 3) C° auxiliary electrode; 4) nitrogen inlet; 5) Hg® purge; 6) Hg® pool.g AsClika

H.Prado, P. Diaz. J.L. Ortiz and Alejandro Baeza
Polarographic determination of Km” and of glutathione reductase
Current Separations 20-4€2D0%NM Al 22dro Baeza 2007
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Electrodos giratorios de disco: EGD
Régimen hidrodinaniico (convective laminar)




Laminar flow Turbulent flow

.

Insulator Disk
{Teflon) (platinum)

Bottom view




Counter

Electrode material Bipoteontiostat

(e.g., platinum)
Insulator Ref
(e.g., Teflon) O ? O—

Shaft and ring material L

(e.g., brass) Ring

Disk

Counter

o)
; Ref
Potentiostat O
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Solution
flow
Auxiliary @
electrode 1 I
Reference
. A - electrode 1
Working electrode 1 ok
— IR -
14 )
Working electrode 2 - Reference
' t elsctrode 2
Auxiliary
electrode 2 I
{a)
Reference
robe
Pe Teflon spacer s Ag | AgCl reference
§ é Pt auxiliary electrode
Teflon AT . = Leads to porous electrode /
insulator Q"“&—) electrode
Reference _‘[ L
probe Capillary
=
I
Nz°U1<—| Buffer | Electrophoresis I\x\
. (© compartment Gy working cathode (grounded) e et
b Cell for polarographic electrode Micropositioner
: . analysis
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SIN AGITACION
REGIMEN DE
DIFUSION PURA
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Liquid -~ liquid £ tectrode - liquid
a Solution
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Electrodos de

referencia Contra electrodo

-

pampren

’ %} J I Apstador
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=
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//mzz—\mi— Vidno poroso
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FIGURA 3. Modelo de celdmpararestydios teARSEI utilizada por Vanyselsg
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(1) " (3) LH—‘
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| (3) -
| (4)
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(7) (6) | (6)
L ) J- H
& = 2 .

Figura 1 a)celda polarogrifica, b) celda voltamperogrifica; donde 1: EC1 & ER1,
2: EC2, 3: ER2, 4: Fase orginica, 5: Fase acuosa, 6: Capilar de Lugin, 7: Capilar de goteo,
8: Fase acuosa remanente, 9: Jeripgaparacontsolar-enmwivel de la fase organica, 10: Septum.
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;cual es la relacion entre corriente, resistencia y
el potencial impuesto externamente?

Resistencia ideal:

f >
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(a) |deal polarizable electrode (b) Ideal nonpolarizable electrode

Figure 1.3.5 Current-potential curves for ideal (a) polarizable and (b) nonpolarizable electrodes.
Dashed lines show behavior of actual electrodes that approdch the ideal behavior over limited
ranges of current or potential.
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Quimica Analitica

|

Determinacion Analitica

|

Metodologia Analitica

|

Analisis Quimico
(medici0on, monitoreo, caracterizacion)

/\.

Metodos quimicos Metodos Fisicoquimicos

(reacciOn quimico) (interacciOn energia-materia)
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CONDICIONES OPERATORIAS (II)

METODOLOGIA ELECTROANALITICA

PERTURBACION mmm) SISTEMA wmmm) RESPUESTA

- (b) Spectrophotometric experiment

; @D _:____3___________,___________;f'_a_ | 9—|sd /\/\

Lamp-Monochromator - Phototube
A Optical cell A

with sample

(c) Electrochemical experiment

: IO~ \

supply i I'l'l

FQ UNAM Alejandrp.Bagza 200
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programa

perturbacion
I |
imposicion imposiciéon
de de
potencial corriente
E=f(t) |=f(t)
I l e I l |
potenciostatico 6otenciodiném}x\ galvanostatico galvanodindmico
pulsos barridos pulsos barrridos
de de de de
potencial L potencial / corriente corriente

~_
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Programa

perturbacion

Pulsos de
potencial

Pulsos de
corriente

Barrido de
potencial

Barrido de
corriente

Patron de
Respuesta

Cronoamperometria

(De=f®)

Cronopotenciometria <:>

(E)i=f(?)

Voltamperometria

I=f(E)

YVoltamperometria

E=f)
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Controlled Potential Methods (Voltammetry) /7 73

Table 4-1 7 Controlled Peotential Methods

ame of Technique

Potential
Excitation Signal

Mass Transfer

Measurement

Analytical
Reilation
to Bulk
Concentration

Typical
Display

clarography
Ic or normai)

C polarography

uise polarography

rifferentiai puise
olarography

iingle sweep
oltammetry

Jyclic voltammetry

hronocamperometry

Zhronocouiomeltry

dydrodynamic
oltammetry

Controlled potential
soulometry

Zontrolied potential
slectrogravimetry

Amperometric titration
(one or two polarized
eilecirodes)

Stripping voitammetry

Slow iinear
scan (or con-
stant £)

Stow linear
scan + low am-
plitude sine
wave

Square volitage
pulses of in-
creasing ampli-
tude

Square voltage
pulises of con-
stant amplitude
+ linear ramp

Linear scan
E

Triangular
scan E

Step £

Step E

Linear scan £
(or constant £)

Constant £

Constant £

Constant £
-+ titrant
addition

Constant
foilowed by
limear scan
or differen-
tiat pulse
scan

M

M

M

A&

b

L
AN

~
-

ﬁ .

-
~

tl I 't

=
‘l:
‘l:

deposifion

(E
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Diffusion

Diffusion

Diffusion

Diffusion

Diffusion

Diffusion

Diffusion

Diffusion

Convection/dif-
fusion

Convection/dif-
fusion

Convection/dif-
tusion

Convection/dif-
fusion

Convection/dif-

i vs. E

fac VS. E

i vs. E

A vs. E

i vs. E

i ve. E
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i vs. volume
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Figure 5.1.1
J Experimental arrangeme
for controlled-potentil

i) measured  experiments,
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> Sampling
) L~ time
N — ' 2
2 0 ly 45
(-) _""_1 g l /3’5 3
~ /2
IS I W)
— 0 | 1 1 9
N I |
0 t 0 Tt E{-)=>

(a) (b) ()

Figure 5.1.3 Sampled-current voltammetry. (a) Step waveforms applied in a series of .
experiments. (b) Current-time curves observed in response to the steps. (c) Sampled-current

voltammogram.

FQ UNAM Alejandro Baeza 2007

39



