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Figure 34.1 Current-overpotential curves for the system O + ¢ = R with e = 0.5, T = 2908 K,
e = —ip, = fand igff; = 0.2, The dashed lines show the component currents i and 7,
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Reaction at Very Small Overpotential
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= At a very small overpotential (|n| < 10 mV), the exponents is the equation are
small enough to expand both of them taking into account that e* ~ 1 + x:
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. JontFn
~ RT
in which the current density is proportional to overpotential.

— d& 2501 HE0 dHlidiots 14 &+ B2 ES.



2 Tafel region (p. 22 O 0A &2t M A
|

(1) Anodic Overpotential0l 0t 2 &R

o -2 )

* When the electrode is highly anodically polarized, n > 0, the second term of the
equation is very small and the equation is simplified to:

== (1 - B)nFy
] = Joexp[——r]
* Whenn >» 0 (large anodic polarization),
(1 —B)nFn RT RT
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(2) Cathodic Overpotential0] OIF 2 &=

= When n « 0 (large cathodic polarization), consider only absolute value
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Figure 3.4.4 Tafel plots for anodic and ¢

O+ez=2Rwitha =05T=208K, and

= A plot of log ivs. n
- known as a Tafel plot
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athodic branches of the current-overpotential curve for
fo = 107% Ajem®.

> At large negative overpotentials
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The plots deviate sharply from
linear behavior as n approaches
zero, because the back reactions
can no longer be regarded as

negligible
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Figure 3.4.4 Tafel plots for anodic and cathodic branches of the current-overpotential curve for

O+e=2Rwitha=05T=298K,and jp =10
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Tafel Plots Sapibia

Intercept: i,

o Very small n

mi = -i,fM/RT and Rt = |n/il = RT/nFi,

o Very large n
L Negatlve r], e anfn A Tafel Plot for a Copper Electrode Cu®"+ 2¢ +=Cu
= Positiven, i = |Oe(1 a)nfn e

Anodic
slope

{During discharge}

Cathodic

o From the plot, i, (k°) s
and o can be determined.
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Electrochemical and Chemical Reactions

o Net Reaction Rate =
difference between

o Net Reaction Rate = |
difference between |
forward and backward : forward and backward
reactions | reactions

o Transition State Theory | o Transition State Theory
Arrhemusequat'onl = Arrhenius equation
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|:| Effects of Electrode | Independence of

Potential on Reaction Potential
Activation Energy
s Extent of influence
varies between the
cathodic and anodic
processes (a)
= Butler-Volmer equation
-. & 495 SgAUN= 32 =& EEE 0|20t 2L
=2=890Z Butler-Volmer &AM Tafel plote 20l =2
gt For an applied anodic current favoring ionization to H',
fppa = Ia = lo = I, €Xp [anFn":|— i, exp [_(1 — cnk, }
' RT RT (12)

where « is now the fraction of 1), taken by the anodic ionization reaction. For high
values of 7, (11) simplifies to

bope = i — i, = i, exp | LH
app.c¢ C c o CXP RT
which is identical to
i
Naer,e = B, log— (10b)
with B, = 2.3RT/onF; and (12) becomes
Iy
ﬂm,a = ﬁa log;—' (103)

for high values of 7,. For o« = 0.5, 3, or 3, is 0.12 V, near the assumed value of 0.1
V used for the approximate calculations in this book.



The year 1898 marked a turning
point in organic electrochemistry with
Swiss chemist Julius Tafel (1862-
1918) demonstrating the use of lead as
an electrode for the reduction of organic
compounds. Tafel, who was both an
organic chemist and a physical chemist,

made seminal contributions to organic

electrochemistry and established the
Tafel equation connecting the rates

of electrochemical reactions and
Julius Tafel overpotential. The Tatel equation was
unique in that it could be applied
to irreversible electrochemical reactions that could not be
described by thermodynamics. The several contributions
he made in organic chemistry include reduction with
amalgams and the Tafel rearrangement. Tafel is also known
for introducing the hydrogen coulometer for measurement
of electrochemical reaction rates and pre-electrolysis as a
method for purifying solutions.
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Electrochemical reaction kinetics

The big question: How much current do | achieve for the amount of overpotential that | apply?

Depends on two major factors (as with any chemical reaction):

(1) The inherent kinetics of the reaction.
[2); Effects ot mass-tranafer The Butler-Volmer Equation

- ‘wanFn] _ . acnFy i = current density
I = 1,1eX g exp|—&.+
of P[ RT J Pl_ RT ]} i, = exchange current density
1 i J ! J n = # of electrons transferred

. ' a = transfer coefficient {anodic or cathodic)
anodic term  cathodic term = Faraday's constant: 96,485 C/mol

i = ['a T+ Elc 1 = {E — Eaqui ) = Overpotential
R = gas constant
Assumes only one step is rate-determining T =temperature

If near equilibrium, both terms are important.
If farther from equilibrium, one term dominates... can use the Tafel Equation!

la =1, PXP(%)
where b = Tafel slope

JI:uc' = _Ela exp(_%)



Electrocatalyst activity: Figures of merit

Four primary figures of merit for electrocatalyst activity:
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* Exchange current density, i, (mA/em?) ia=1I, E‘-XIJ(:%)

+  Tafel slope, b (mV/decade)
* Current density at a given overpotential:

ic current | Bytler-Volmer

F=lg+ie

iE{Vvs.RHE] (mA/em?)
*  Overpotential needed to reach a given current density;
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Three ways to report current densities:
; & Easy/Practical
* Per geometric area (em?®_;)
. 2
Per surface area (em® )
*  Perelectrochemically active surface area ([em?,)

*  Closest to a true Turnover Frequency (TOF)
Difficult/Useful
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Tafel-diagram rj vs. log i




