e

Electrochm'lm\
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Mechanistic Stud.i-es/

There are several pathways that a

electrochemical reaction may take ror an.

organic or inorganic species, where E

represents an electron transfa-uﬁd\
represents a homogeneous chemical =

reaction. \

CHEW 5390

N\



Potential Sweep Met-hod/

Mechanistic studies

E represents an electron transferattme e
electrode surface

C represents a homogeneous che'm'bd\
reaction S

EC — product produced by an ele ansfer
IS Involved Iin a chemical reaction
afterwards. N

X, Y, Z —species notelectroactive e
mechanisms.

CHEW 5390



Potential Swee
Mechanistic studies

Ox

>. Red i He
X +R —=R" —RH (7)

RXE £- R, (®
y, e
S RXEL™ — RXEZ, (5)

(a) General reduction paths

(@) stable Red
Ox =
@ Rx2* X4 B e i e B (F)

R

3

RXNu- R, @

\ Nu~
RXNu® — RXNu, (5)
(b) General oxidation paths

Figure 12.1.1 Schematic representation of possible reaction paths following reduction and
oxidation of species RX. (a) Reduction paths leading to (1) a stable reduced species, such as a
radical anion; (2) uptake of a second electron (EE); (3) rearrangement (EC); (4) dimerization (ECy);
(5) reaction with an electrophile, E€™, to produce a radical followed by an additional electron
transfer and further reaction (ECEC); (6) loss of X~ followed by dimerization (ECC,); (7) loss of
X followed by a second electron transfer and protonation (ECEC); (8) reaction with an oxidized
species, Ox, in solution (EC"). (b) Oxidation paths leading to (1) a stable oxidized species, such asa

radical cation; (2) loss of a second electron (EE); (3) rearrangement (EC); (4) dimerization (ECy);

(5) reaction with a nucleophile, Nu™, followed by an additional electron transfer and further

reaction (ECEC); (6) loss of X followed by dimerization (ECCy); (7) loss of X followed by a

second electron transfer and reaction with OH™ (ECEC); (8) reaction with a reduced species, Red,

in solution (EC’). Note that charges shown on products, reactants, and intermediates are arbitrary. C H 5390

For example, the initial species could be RX ", the attacking electrophile could be uncharged, etc.



Potential SweepM

Mechanistic studies

S

0.0l Ol

39, reprinted with permission.]

a.

b.

o

Reversible electron transfer

Preceding chemical reaction

EC mechanism

EC mechanism

Catalytic regeneration

1.0

Y

Figure 3.23 Variation in the ratio of anodic to cathodic peak currents as a function
of scan rate for several electrode processes with reversible electron transfer. [From Ref.

Q

10 100

O+e R
Z (0]

O +e R
O+e R
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Mechanistic Stu.d.i-eg/

CE Reaction (Preceding reaction)
Y& 0 T
O+ne<—>R

O Is generated by a reactio ding
the electron transfer.

X\

CHEN 5390



Mechanistic Stud.i-es/

EC Reaction (Following Reaction)

O+ne <=2 R
R&<—> X

\.
Product of electrode reactioft; acts

to produce nonelectreactive species
the reducing potential of

CHEW 5390



Mechanistic Stu.d.i-eg/

EC' Reaction (Catalytic)
O+ne<—>R
R+Z<>0+Y

\.

Product of electrode reactior: acts with
nonelectroactive species, Z, to regene .
N

CHEN 5390



Mechanistic Stud.i-es/

EE Reaction

\.

Product of 15t electron trans tion
undergoes second electron transfer s
at potential different thari™figst step. \

A+e<—>B =&
B+e<—>C ES

CHEW 5390



Mechanistic Stud-iee/

ECE Reaction

O, +ne<—>R, E/

R, +Z22 0, \

O,+ne€<2>R, E\
\

CHE 5390



Mechanistic Stu.d-i-es/

—>

ECE Reaction
A+e <o A
A > B

B--e <> B \-

The product of a chemical rem
the reduction of A Is oxidized at potentials X

where A IS reduced.




Mechanistic Stud.i-es/

—>
ECE Reaction

A+te <2 A

A - B-

B -e<—>B .

It is also possible for.a solutm\
transfer reaction to take pla N\

A+B<>B +A

CHEN 5390



Mechanistic Stu.d.i-eg/

—>

ECE Reaction
A+e <o A
A > B

B--e<—>B \-

The overall reaction for this schem
N

A = B with no net transferef electrons.

(So reaction could possibly take place atia very slow rate with n

5390



Mechanistic Stu.d-i-es/

— _
ECE Reaction

This mechanism can also be an electron transfer

catalyzed substitution reaction
RX + e € RX \ .

RX- D> R+ X

R + Nu” =2 RNu-
RNuU -e <=2 RNu
N

This I1s comparable to'the organic Sy ™Ngechanism:
RX + Nu = RNu + X




Mechanistic Stu.d-i-es/

Square Schemes

At+te <o A-

1l ™

B +e < B- \
W

Two electron-transfer reactions are C to two

chemical reactions ina-cyclic pattern.

Common when there are structtmal changes upon N

reduction, such as a cis-trans 1some on.

5390



Mechanistic Stu.d.i-eg/

Studying Coupled Reactions

In general, a chemical.reaction can affect the
primary measured parameter o

reaction (iy,iy,Ey . Ep, igghise)- -

\.

CHEN 5390



Mechanistic Stud.i-es/

Studying Coupled Reactions
Effect on Primary Forward Parameters (, @, ooy

For EC reactions: \
Flux of O is not changed.much, so limiting current =
IS same or close to same. \
For EC' reactions: X
O 1s continually replenished, so limiteg. is

Increased.




Mechanistic Studi-es/

Studying Coupled Reactions
Effect on Characteristic'Potentrals(EpyEsym——

Effects on potential depend on type of reaction,
experimental duration,andreversibility of electron
transfer.

For E,C. reaction (reversible electro fer
followed by irreversible chemical reaction):
O+ne<>R>X X

E =E% + RT/nF In C,(x=0)/Cr(X=

Cr(x=0) decreases and Cg(x=0)/Cr(x=0)%
moving the potential more pesitive.

Creases,

5390



Mechanistic Stud.i-es/

Studying Coupled Reactions
Effect on Characteristic Potentials (€1, Ep) o

Effects on potential depend on type of reaction,

experimental duration, and reversioili electron
transfer. .

For E;C; reaction \
O+ne>R—>X N

There is no change in E, since theré%s,no C,(x=0)
term.




Mechanistic Studies="

Studying Coupled Reactions
Effect on Reversible Parameters (T /e, o &)

For E,C; reaction: \
" n

For no chemical reaction,.L,,/1,. = 1 in CV

and 7/ = 1/3In chronopotentl .
For a chemical reaction, 1,./1,. <11in C
t/: < 1/3In chronopotentlometry because R

IS removed at the electrode sur by the
chemical reaction as well as by diffOsy

5390



Mechanistic Studi-es/

Studying Coupled Reactions

The lifetime of a chemical reactionwith rate—— =
constant k iIs t,' = 1/k for a 1%t order reaction and t,’
= 1/kC for a second order.reaction, where

C = initial concentration of the reacﬁﬂ\
_

Each electrochemical method has a eristic
time, T, or measure of the period of experim
The shortest useful t Is determined by C, and N

Instrument response.

The longest available t1s governed by {hgonset of
convection.




Mechanistic Stud.i-es/

Studying Coupled Reactions

If IS small compared.to.t,' or t,' — then the
experimental response reflects on
heterogeneous electron-transfer.

If t'<< 1, the chemical reaction has a large
effect.

CHEW 5390



Mechanistic Stud.i-es/

Studying Coupled Reactions

To study a coupled reaction, need to find
the conditions that put t, and {, '
range of t.

Potential step and voltammetry e Nents
are fast enough for rate.constants ~ 0.02

107 s1,

\

CHEW 5390



Mechanistic Studies="

Studying Coupled Reactions

The main strategy to study coupled
reactions IS to systematically-e the
experimental variable controlling the t

the technique (i.e. sweep rate,Lotation rate,

or applied potential) and then deterfmag the
response of the forward,parameters

(i,/ot2C, itH4/C, i//2C), thecharacteristic

potentlals (E, and E,,) and the
parameters (|pa/|pc, 1L/TnQ,/ Q).




Mechanistic
Studying Coupled Reactions

TABLE 12.1.1 Approximate Time Windows for Different Electrochemical Techniques

Usual range of

Time window

Technique Time parameter parameter” (s)?
ac Impedance l/w = (2117‘)'1 (s) w=102-10°s"1 107°-100
(f = freq. in Hz)

Rotating disk electrode Vo = Qaf) ! (s)° w = 30-1000s"! 107°-0.03

voltammetry (f = rotation rate, in 1/s)
Scanning electrochemical d*ID d = 10 nm-10 um 1077-0.1

microscopy .
Ultramicroelectrode at steady state )‘3 /D ro = 0.1-25 um 15
Chronopotentiometry 1(s) 167950 5 107°-50
Chronoamperometry 7 (Forward phase duration, s) 1077-10s 107710
Chronocoulometry 7 (Forward phase duration, s) 10~ 108 1077-10
Linear scan voltammetry RT/Fv (s) v = 0.02-10° V/s 1071
Cyclic voltammetry RT/Fuv (s) v = 0.02-10° V/s 1077-1
dc Polarography Imay (drop time, s) 1-5s 1-5
Coulometry t (electrolysis duration, s) 100-3000 s 100-3000
Macroscale electrolysis t (electrolysis duration, s) 100-3000 s 100-3000 \

“This represents a readily available range; these limits can often be extended to shorter times under favorable conditions.
For example, potential and current steps in the nanosecond range and potential sweeps above 10° V/s have been reported. |
bThis time window should be considered only approximate. A better description of the conditions under which a chemical
reaction will cause a perturbation of the electrochemical response can be given in terms of the dimensionless rate
parameter, A, discussed in Section 12.3.

“This is sometimes also given in a term that includes the kinematic viscosity, v, and diffusion coefficient, D, (both with
- Z ) o) ] 3
units of cm?/s), such as, (].61)“1'”"/((1)D”' ).

5390



Mechanistic Stu.d.i-eg/
Theory

Solution of the equations for the different

experimental techniques depend on the

diffusion equations and sevem
conditions. =

\.

CHEN 5390




Mechanistic

g—

TABLE 12.2.1 Modified Diffusion Equations and Boundary Conditions for
Several Different Coupled Homogeneous Chemical Reactions in Voltammetry

Diffusion equations

General initial and
semi-infinite
boundary conditions

Potential step and
sweep boundary

Current step
boundary condi-

N

Case Reactions (all x and 1) (t=0and x — ») conditions (atx = 0)  tions (atx = 0)
1. CE Y i o dCy =D ('I:(‘Y B & - aCo - ;
Ly I; -('/] = v ﬂ.\j' e kIVCY + thO C()/CY =K ‘C,; = 6 (1) ’ﬁ g ;F/-\D:)
) Cot+Cy=C*
dCq (7'C()
O o ”(’:R e o Y R -4 kl'CY = th() CR =0
at ox~ ; )
(_}C_Ii B 'icl{ (Note 1 (Note 2)
at R I
kg
2./ C.E; Y=0
kb
. S C7C0 s 30 bt .
(as above) (as above) Dq r ¥ i k'Cqe (as above)
O +ne—R (Note 3)
ICo #Co 2
3.EC; Drme=R —Sr-=Ho—5 Cs=0CG (as C,E, above) (as above)
ox~
kg f/CR (92CR
R=Y —=Dgp— —kCr+kCy Cr=Cy=0
kpy dt ax”
iCy _ FCy
“(,/T = Y—(,, = + kYCR - thY (NOIC 1)
4. EC; OA+ ne =R (as above, with ky, = 0) (as above) (as C,E, above) (as above)
;
R—>Y (equation for Cy not required)
JCo #Cs
5. E.Cy; O + ne=R % Po .3 (as above) (as C.E, above) (as above)
ax-
kg ; 3*C
2R —> X R iy }’C‘,RA — ke C%

O iR

M—__

CHEW 5390
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Mechanistic

CELC, O + ne=R (7;’;0 =Dg ’7—i‘) + kCgr Co—1C (as C,E, above) (as above)
k aCy #Cx .
R—=0 e, = DR ’T - kl‘CR (,R =0
ax
[Note 1(a)]
aCO | (72 C() 1 CO 1 (,7C0 1
7. ECE: O1+me=Ry ——=Dgi—— Cop = C* — =0,5(1 D ] s 3
rGE, 1t L 012 ol By (O] o1\ 5
% ICR) #*Cr Con 9Coo i
R,—0 — =Dp;—— — k¢ Cr1=Cpp = = e t Doy —— | =
1 2 it RT3 tCri RI = Cor =Cra =0 Crn 0,5(1) 02| FA
9Coo #Coy
02 S npe == RZ Jt = D02 ? I kaRl (Nole 4) (Note 5)
dCro N dCro
- ~R2
ot It
(Note 1) (@) Dof 22 D (ac") ©(b)D ()CY) 0
ote a — = —Dp| —— A —— =
O\ 9 Jimo B\ 9% Janp N\ 9 Jip
(Note 2)  For potential sweep, 6 = exp[%(lii = E(")J TS = exp<—%ﬂ,) * * E; = initial potential
v = scan rate
For potential step to potential E, = cxp[%(E = E”')l S =1
(Note 3)  For sweep from Ej at scan rate v or for step to E; withv = 0, k' =k CXPIZ:EQTI' (E; — Ii”'):| * b= %;,U
(Note 4)  There are two flux balance equations analogous to that in Note 1(a), one written for each of the redox couples.
nF g )
(Note 5)  For potential sweep, 0; = cxp[;‘i (E; — E_? )J C I:'Jp pertains to O; + nje = R;

mF X
For potential step, 6; = exp E(E — EJO)

CHEW 5390



Mechanistic Studi-es/

Voltammetry and Chronopotentiometry
Theory
1st technique usually used for studies is CV.

CV suffers however fronrthe faeuh,i\
heterogeneous Kinetics can affect the .
observed response and complicate readings
of accurate rate constants for hom ouS
reactions.
Potential step or rotating-diSksgethods do
not have this problem.

CHB\ 5390




Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
I

C.E, (Preceding Reactions)

O+ne<—->R
K =kik, = C5(X,0)/Cy(X,0)
N

Behavior of this system depend magnitude of
K, ki, and K.

A dimensionless kinetic parameter, A, IS U
relate these terms.

to
5390



Mechanistic

TABLE 12.3.1 Dimensionless Parameters for Various Methods

-

Time Dimensionless kinetic parameter, A, for
Technique parameter(s) ool E.C; EC/
Chronoamperometry and polarography ¢ (kg + kp)t ki k'C; t
Linear sweep and cyclic voltammetry 1/v (l\—‘;; fhl (RT g (5}?) lj,f—f (%) _
Chronopotentiometry T (kg + k)T kT k'Cff T
Rotating disk electrode 1/ (ks + kp)l@” klw k'Crw

UOI'S/,LL = 1.61 kl/.’_l)]/()/(U”ZDl/().

N

CHEN 5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
. 1 ©———
C.E, (Preceding Reactions) -

O+ne<—->R
K =kik, = C5(X,0)/Cy(X,0)
N

When K is large, the equilibrium lies e right and

most of the species is in‘the electroactive O, so the
preceding reaction has little effect on the
eelctrochemistry. (Nerstian)

5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
C.E, (Preceding Reactions) S —

Linear and CV methods (C,E,) \
u

Shape of I-E curve depends on v

However if K is small;.for K = 10-3, k. = 10
k, = 10s at fast scan rates theyteaction is in the
diffusion region.

AS scan rate decreases the reaction mo rom
Intermediate kinetics to pure Kinetics.




Mechanistic

Voltammetry and Chronopotentiometry
C,E, (Preceding Reactions)

I
Linear and CV methods (C,E,)

1
2__
2
1 _
38
<C
2 0 =
A \
T - ..
-3 i | |
400 200 0 -200

-400
E, mV

Figure 12.3.2 Cyclic voltammograms for the C,E, case. A =2 B; B + ¢ == C, where F([;/c =0V,
C*=1mM,A=1cm? Dy =Dg=Dc=10""cm?s, K= 1073, kg = 1072571,

ky = 10 s | T = 25°C, and scan rates, v of (1) 10; (2) 1; (3) 0.1; (4) 0.01 V/s.

N\ CHER 5390



Mechanistic Studi-es/

Voltammetry and Chronopotentiometry
C.E, (Preceding Reactions)  eees——
Linear and CV methods (C.E,)

At fast scan rates there is littlecontribution from the
preceding reaction (appears reversible).
concentration of O determined by equilibrium constant 0 n

reaction.

At slow scan rates, current is governed by rate
produced at the electrode surface by the chemical
reaction not by diffusion. So the reagtion has reached
steady-state giving a limiting current (
plateau independent of sean rate.

The anodic portion of the reverse scan is not affe

much as the forward scan.
5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry

C.E, (Preceding Reactions) .
Linear and CV methods (C,E,)
The anodic portion of the reverse s ted as
much as the forward scan. The ratio of I../I,. increas -
with increasing scan rate. =

e

2.0 =

15 Figure 12.3.6 Ratio of anodic to cathodic peak I ‘

pe currents as a function of the kinetic parameters for

-..
bt

P

-

~as

b the C,E, reaction scheme. [Reprinted with permis-
- | | | | sion from R. S. Nicholson and I. Shain, Anal.
g 2 4 6 8 10 Chem., 36, 706 (1964). Copyright 1964, American

(K3 Chemical Society. |

\ CHEY 5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry

C.E, (Preceding Reactions)

Linear and CV methods (Crlg\
n
Can plot the dimensionless para s for the
CV instead of all the various parameter
normalize the current.
N\

CHEW 5390




4-1072 K=1072
5 /\
1 —~1
1.5 A\
e f \
n " x(o1)
k,- 12
) 1 / 5-10° B
[“’ T
0.5
y \.‘
0 10 20 30
{2\ 1072
3
K=10" .
3:1079
4-10‘I2
5:107
2 7-107°
"2 y(ot)
KAv= 107" 2.0~
4-107"
'\'~ \
1 \\ — Figure 12.3.3  Curves of current [plotted
e e P ] 172 : o AL
1 108 ~ as 7 “x(ot)/KA'", where y(ot) is defined
102 '7\\_ as in (6.2.16)] vs. potential at K = 10 2
104 10 (upper) and K = 104 (lower), at different
108 P | | values of A = (RT/nF) ((k + ky)/v] shown
on each curve for the C,E, reaction scheme.
[Reprinted with permission from J.-M.
0 10 20 30 Savéant and E. Vianello, Electrochim.
—E[E—E"'] Acta, 8, 905 (1963). Copyright 1963, Perga-
RT mon Press PLC.]
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Voltammetry and Chronopotentiometry

C.E, (Preceding Reactions)

Chronopotentiometry.Methods (C,E,)
n

It behavior for diffusionis W

iTy*
jrli2 = (12.3.16)
1 N

0.886 erf(A /%)
_+_
\ CH& 5390




Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry

C.E, (Preceding Reactions)

Chronopotentiometry.Methods (C,E,)
W

IT behavior for pure kinetieg.i\

o 112
i = irlf? - — (12.3.15) Ny
ZK(kt b kb) -

|

\ CHRI 5390




Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
C.E, (Preceding Reactions) -
Chronopotentiometry.Methods (C.E,)

\ .
For kinetic behavior a plotefizl/? versus i
gives a straight line of
slope = —n2/2K (k; + K )2, N

CHEW 5390
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Voltammetry and Chronopotentiometry
C.E, (Preceding Reactions) B B

Chronopotentiometry Methods (C.E,)

i,[.1/2
mA — S1/2
cm

(k¢ + ky) (in's 1. Calculated for
K=0.1,C* =0.11 mM, and
D = 10 > cm?/s. [Reprinted with
permission from P. Delahay and T.
[ Berzins, J. Am. Chem. Soc., 75,
0 50 100 2486 (1953). Copyright 1953,

i (mA/em?) American Chemical Society.]

Figure 12.3.8 Variation of i7"?
with i, for various values of




Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
! ] ©———
C E; (Preceding Reactions) -

A different kind of precedinm .

have a reversible chemicalkeaction with
Irreversible electron-transfer gov
o and ko.

N

CHEW 5390




Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
g ] ©
C E; (Preceding Reactions) -

Linear and CV methods (CrE\
_

No anodic current observed everse

scan. As approach Kinetics resgni.m-\

goes from peak to S-shaped and I, IS .

Independent of v.

CHEW 5390



Mechanistic S

Voltammetry and Chronopotentiometry
. B CS—————————
C.E; (Preceding Reactions) B
Linear and CV methods (C,E;)

0l e
03}
=
= 0.2 - Figure 12.3.9 Curves of current [plotted as w2 x(bt),
' where y(bt) is defined as in (6.3.6)] vs. potential at differ- \ ~
ent values of (K)\i”z)—l (shown on curves). The potential
0.1 = scale is a(E — EV) + (RT/F) In[(wDb)"*/k") — (RTIF)
In[K/(1 + K)]. b = «Fv/RT; A; = (k¢ + kp)/b. [Reprinted
. I | I with permission from R. S. Nicholson and I. Shain, Anal.

120 60 0 -60 Chem., 36, 706 (1964). Copyright 1964, American

Potential, mV Chemical Society.]
\ CH &I 5390
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Voltammetry and Chronopotentiometry
E,C; (Following Reactions) )
Linear Sweep and CV methods (E,C))

At small values of X;=reversible behavior iIs

_
found, at large values of A, n tis
observed on reverse.scan and curve 0
like Irreversible charge transfer. Also E,

\
shifts negative with increasingsscan rate
E, =E,, —RT/nF 0.789 + RT/2n

5390
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(a) 10V/s (b) 1V/s
S 1.00E-03 —
R J’> £ 5.00E-04 [ J
5 E
G 0.00E+00 4 3 0.00E+00 —
1\-‘ l | [ i 1
400 200 O -200 -400 400 200 0 -200 —400
Potential Potential
(©) AV/s () 0.01V/s
3.00E-04 1.00E-04 —
£ 2.00E-04 - £ 5.00E-05 |- ;
o — o
g s - /) 3 0.00E+00
0.00E+00 [ = | | .’
400 200 O -200 —400 400 200 O -200 -400
Potential Potential

©
»

o
o

2
o

Normalized current

|
©
(V)

180 120 60 0 -60

(E = Eqjp)n, mV
Figure 12.3.10 Cyclic voltammograms for E,C; case at 25°C. A + ¢ == B; B — C. (a—d) System
where EQ ;s =0V, CX = 1 mM, Cf =0,A = 1cm? Dy = Dg = 10> cm%s, and ks = 10s™af
scan rates v of (a) 10, (b) 1, (¢) 0.1, and (d) 0.01 V/s. Current in amperes; potential in mV. Note
that the vertical scale changes from panel to panel. (¢) Normalized current for several values of
A = kRT/nFuv. [Part (¢) reprinted with permission from R. S. Nicholson and I. Shain, Anal. Chen., C H 5390
36, 706 (1964). Copyright 1964, American Chemical Society.]



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
E,C, (Following Reactions) ]
Linear Sweep and C\.methods (E,C))

\-

I./1,c can be plotted as a fometiQn of kr,
where 7t IS the time between E, , an
switching potential E,~Aalue of k. can .

be estimated from the plot.

CHEW 5390



Mechanistic St.u.d-i-es/

Voltammetry and Chronopotentiometry
. B ©—————
E C; (Following Reactions) -
Linear Sweep and CV methods (E,C))

10— 7 -
08—
i . Figure 12.3.12 Ratio of anodic to cathodic
‘e 0.4 ks peak current as a function of kg7, where 7 is the
AN time between E;), and the switching potential ‘
0.2 1= E,. [Reprinted with permission from R. S.
0 1 | | | | | Nicholson and I. Shain, Anal. Chem., 36, 706
-2 -1 0 (1964). Copyright 1964, American Chemical
log kst Society.]

CHE 5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
E,C, (Following Reactions) ]
Linear Sweep and C\.methods (E,C))

If the products of the'ehemical reaction are

electroactive, then another peakK bl occur
In the CV. (So an ECE reaction).

CHEW 5390
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Voltammetry and Chronopotentiometry

Current

Linear Sweep and CV methods (E,C; reaction carried"oUt o reves s =
an ECE reaction)

1.00E-03 —

8.00E-04 |—

6.00E-04 |—

4.00E-04 |—

2.00E-04 |- /\

0.00E+00
—2.00E-04 | T

Scan
—4.00E-04 |- start
—6.00E-04 L | ' ' J
800 600 400 200 0
Potential

Figure 12.3.13 Cyclic voltam-
mograms for the E,C; case.

A + e 2 B; B — C (as in Figurg} \
12.3.10b, v = 1 V/s), with the |
scan extended to show the waves|

200 -400 forthecouple D + e =C,
EB/C =05V.

W CHEY 5399



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
E,C; (Following Reaction) Cee—

Linear Sweep and CV methods (E,C;)

When the rate of charge-transfer is slm .

behavior depends on k° and a"and,A. for the following
reaction. For the CV method it is conve define a
dimensionless parameter A and relate it to k°.

A = [ko/(D1/201/2)] (RT/F) 1/2

Plot of these parameters can yield k°.

CHEW 5390



Mechanistic Stud.i-es/

Voltammetry and Chronopotentiometry
E C' (Catalytic Reaction) L e—

O+ne<—->R

R+Z20+Y \
_

Z 1s usually nonelectroactive andweacts to regenerate the
starting species. Need to consider the di
Assumed that Z iIs present in large excess (C,*>>
S0 Its concentration does not'ehange during the

experiment. N

The kinetic parameters ofunterest are:
A= K'C*t A = (K'C, ) (RT/nF)

CHEW 5390



Mechanistic

Voltammetry and Chronopotentiometry
E . C,' (Catalytic Reaction)
Linear sweep and CV methods (E,C;')

3 1 1.2 — 2
2l 0.8
i It -
0 o4 —
" \/ 0 B ) .
5 | | | Y | |
400 200 0 -200 -400 400 200 0 -200 -400
<
£
10— 3 1.0 — 4
0.8 — 0.8 -
0.6 — 0.6 —
04— 0.4 ~
0.2 |~ 0:2:—
0 | | | 0 1 | |
400 200 0 -200 400 400 200 0 -200 400

E,V
Figure 12.3.17 The E,C| case: A + e=2B;B + Z— A + Y. Cyclic voltammograms for the sys-
tem where EQ g = 0V, C¥ = 1 mM, C =0, €0 =1M A="1e" Dy =Dg=Dy=10"°
em’/s, T = 25°C, and k¢ = 105! at scan rates, v, of (1) 10, (2) 1, (3) 0.1, and (4) 0.01 V/s.
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Mechanistic Studi-es/

Voltammetry and Chronopotentiometry
E C' (Catalytic Reaction) C —
Linear sweep and CV methods (E,C;")

At the negative potential of the scan‘al rves tend

to a limiting value of current i, WhiChM

scan rate. -
I, = NFAC,*(DK'C,*)Y?

This limiting current occurs.since the rate of remova
O by reduction i1s compensated Byathe rate of production
of O. The value of C,(x=0) is indepeneaent of scan rate.

In this kinetic region the I-Excurve becomes a

s/15¢ 1S always unity, independentof A. 5390



Class Assign

» Research paper Topic
» Read Chapters 4, 5, 6, 7,12, 13, and 15
“Electrochemical Methods’” Bard

» Memorize Nernst-Plank equation, Co .
equation, and Randles-Seveukgquation.

CHEN 5390






