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Homogeneous Kinetics Review
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rr = kgCqand 1, = kCp

r = kaA - kbCB
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At equilibrium: £ = K = =

Arrhenius: ky, = A e Ear/RT
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Heterogenous Electrochemical Kinetics

Ox + e~ & Red o
Ey = AU* = AH* — pérT)

r = kfa()xae - kbaRed EA ~ A[—]* — AG* + TAS*

Leta,- = landy; = 1 (AG*+TASH) AST  AGT AG*
Ae  RT = Ae Re RT =A%e RT
r = ksCox — kpCreq AG}
k, = Aje RT

kk — Ake_EA,k/RT




Heterogenous Electrochemical Kinetics

Ox + e~ = Red Letfzif—T
ki — A:‘e RT IfT] — 0, kf — kb
AGQE = AG&EO — (1 - a)F(E — EOI) A]te—AGiEO/RT _ AZQ—AGj;O/RT — 0
AGY = AGH + aF(E — E) o _ o, -af(5-5%)
r =

_ 2% ,—AG¥°/RT ,—aF(E-E®)/RT ,
kf Afe e kb _ koe(l_a)f(E_EO )

k, = Aze—AGEO/RTB(1—a)F(E—E°')/RT




Aside on Transfer Coefficients ()
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Heterogenous Electrochemical Kinetics
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Questions

What assumptions are made in the derivation of

i = FAK® (CRed,x:Oe(l_a)f(E_EO ) _ COx,xzﬂe_af(E_EO ))

What is the meaning of a?
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USEFUL KINETIC RELATIONS

Exchange Current, Current Overpotential, Butler-Volmer, Linear
Characterization, Tafel Behavior
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Exchange Current at Equilibrium

i = FAkO (CRed’xzoe(l_a)f(E_EOI) B COx,x:()e—a (E—Eol))

. . . * — *
L = 0; E = Eeq; COx,sz — COx' and CRed,sz _ CRed

iekx — e(l_a)f(Eeq_E0,)+af(E€q_E0,) — ef(Eeq_EOI)
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Exchange Current at Equilibrium

_ _ro’
At equilibrium: |i.| = |ig| = iy = FAK°C} e~ (Beq=E"")

C* 0, C* - 0,
Recall; 2% = of(Eeq=E") (%) — o—f (Eeq—E®)
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Current Overpotential Equation

i = FAkO (CRed’xzoe(l_a)f(E_EOI) B COx,x:()e—a (E—Eol))

i, = FAK°C ¢ *
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Current Overpotential Equation
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= " e " — " e ,
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Recall: (ﬂ) = e“f(Eeq_EO ) and (ﬂ) = e_(l_“)f(Eeq_Eo )
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Butler-Volmer Equation

If solution is well mixed or currents are low so that:
Ci>k - Ci,x=0

i - (CRed,x=O> e(l—a)fn - (COx,x=0> e_afn
iO CEed ng

[ = io(e(l_a)fn — e_afn)

. . o
*Good approximation when i < ﬁ




Linear Approximation at small n

If n is small, so will i because i « e”

| = io(e(l—a)fn _ e—afﬂ)

lime* =1+ x
x—0

i = io(f + f11— affy = Y+ gfn)
L =1ofn

n RT
— =R = =
l Fi,




Log Approximation at large 7

If n is large, either the forward or backward reaction will dominate (i.e., irreversible kinetics).

| = io(e(l—a)fn _ e—afn) S = —iOe_“f”




Questions

Try writing the Butler-Volmer equation from memory.

What conditions are required for the Butler-Volmer equation
to hold?




Questions

Try writing the Butler-Volmer equation from memory.
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STATISTICS AND CURVE FITTING




Parameter Fitting Methods

COMMON METHOD SUGGESTED METHODS
~ _RT RT : 1. Use the full, non-linearized expression, fit
n(0) = a_Fln(lO) B a_Fln(_l) with SSE minimization:

Linearize by plotting n vs In(—i) and fita L= Lo (e(l_a)fn —e M)

straight line to the extremes on the curve

2. Fit the simplified, but non-linearized forms to

RT .
slope =m = —=— the extremes of the curve with SSE
ar minimization:
intercept = b = —In(i i = —i e %M
p — In(iop) ;
or
r 1_
baF bF RT b [ = lOe( a)fn
PP N ) CL ST
@« =—— and iy = eRT = e\RT/\ mF/ =g m
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Burying Linearization

* Linearization was very handy prior to broad access to
digital computing.

* Process of linearization changes the variance, and not
uniformly. Homogeneous variances are fundamental to
statistical analysis.

* Parameters fit through linearization are always more likely
to be incorrect.
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Questions

Will you ever linearize your data to fit parameters again?

What if it's not in an electrochemical context?




Questions

Will you ever linearize your data to fit parameters again?

Never

What if it's not in an electrochemical context?
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OTHER KINETIC CONCEPTS




Inner/Outer Sphere Reactions

* Inner Sphere * Quter Sphere
* Reactants and/or products * Reactants and/or products
interact with the electrode remain at least one solvent
surface 0 layer removed from
o @ o . electrode surface
? &\ @ b / © 0
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Marcus Theory

Upgrade free energy surfaces from linear to
quadratic:

k
ng(CI) — E (C[ - CIOx)Z

k
G}(?)ed(CI) - E(q - CIRed)Z + AG°

k
A= 5 (qrea — CIOX)Z
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OCP in Complex Systems

* In single redox couple systems:
OI RT ClM+n
EOCP — EM/M+n ln

* In multiple redox couple systems:

0= i;(Foce, )

J

where i; = i (e(l‘“j)fnj — e_“jf"j)




Multi-Step, Multi-Electron Transter

* Rate Determining Step (RDS), Outer-Sphere Reaction,
[rreversible First Step:
Ox + e~ & Red’
Red + n"e~ & Red n=n"+1
Ox + ne~ < Red

[ _aRDSF(E_EO)]
I = —nFAkZhq |Coye RT




Multi-Step, Multi-Electron Transter

* Rate Determining Step (RDS), Quasi-reversible
Ox +n'e” & 0x  Epe
Ox'+e” & Red  Es n=n+n"+1
Red’ + n"e” & Red Evost
Ox + ne~ < Red

| = —nFA[kaOx — kpCre ]




Multi-Step, Multi-Electron Transter
[ = —nFA.|ksCox — kpCre |

K = koe{[f_T[n'Eg;emEg;)S }e{—;—T[(n’+a)E]}

k, = k° e{—;—T[n"EggSﬁ(l—a)E}%bS]}e{%[(n’?l—a)E]}




Questions

* How does Marcus theory upgrade the typical free-energy
surface diagrams?

* How can you tell if something is an inner or outer sphere
reaction?




Questions

* How does Marcus theory upgrade the typical free-energy
surface diagrams?

Treats Tl uvwey ay quadratfic iAsteed of
shaight  lines.
* How can you tell if something is an inner or outer sphere
reaction? .
lanes  Sphert  MeaUhis will  be elecivpde
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will  be aJMﬁL.




