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CV Model. A model for CV is based on the adsorption of a ferrocene derivative, FcXY, on

HOPG, which proceeds its oxidation to Fc"XY as given by

FcXY(aq) = FcXY(HOPG) (D
FcXY(aq) + e = FcXY(aq) 2)

Diffusion equations for FcXY and Fc'XY are given by

o, [
== D[ . J 3)

where the diffusion coefficient of FcXY, D, is equivalent to that of Fc'XY, DFC+Xy. The rate of

heterogeneous electron transfer, v, is given by the Butler-Volmer model as

Ve = KedCreny ™ KocCron @)
with

ko =k exp| ~0t, F(E~E")/RT | (5)

k, =kexp| (1-0, ) F(E-E")/RT | (6)

where kwq and ko« are oxidation and reduction rate constants, ko is the heterogeneous standard electron-

transfer rate constant, ot is transfer coefficient, E is the HOPG potential, and E” is the formal potential
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of the redox couple. The substrate potential is cycled between Einiiai and E, as the switching potential.

The adsorption rate of FcXY, v,qs, is given phenomenologically by

vads = kadsCFcXY (Fv - 1—‘FcXY ) - kdesFFcXY (7)
with

kads = ke?ds eXp(z‘xadsgl—‘FcXY / RT) (8)

kads = ka?ds exp|:—2(l - aads )ngCXY / RTi| (9)

g=g'RT /2T, (10)

where k:ds and kges are standard adsorption and desorption rate constant, I'rcxy is the surface

concentration of FcXY, g is the energy of interaction between adsorbed molecules, and ¢ is a
symmetry coefficient (0 < ongs < 1) regulating the effect of g on the adsorption activation barrier.
Adsorption equilibrium is achieved at # = 0 to yield the Frumkin isotherm based on the Bragg—Williams
approximation as given by

r /T
CFCXY = ﬁ(l_Fii(Y /SF )exp(_g,chXY /rs) (11)
FeXY s

where cpcxy i1s the concentration of ferrocene derivatives near the HOPG surface, I'y is the saturated

surface concentration of FcXY, and B(= kfds / kfes) and g’ are parameters characterizing the magnitude

of ferrocene-HOPG and ferrocene—ferrocene interactions, respectively. Accordingly, boundary

conditions at the substrate surface are given by

D[—gﬂ = Ve "V (12)
g x=0
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aCF XY
D=7 =% (13)

ar
{—5;“]% (14)

Finally, a current response for CV, i, is given by

i=FS,, (15)

Dimensionless CV Model. The aforementioned diffusion problem was redefined by using
dimensionless parameters and solved by using a commercial finite element simulation package,

COMSOL Multiphysics 5.4 (COMSOL, Burlington, MA). Specifically, eq 3 yielded

Ez[a@} (16)
ot | dX°
where
C =c/c, (17)
7=Fvt/RT (18)

Fv
X:x,/—
RTD (19)

Dimensionless parameters were also introduced for boundary conditions (eqs S-8—S-10) to obtain

-acpcxy] vy )
I aX . et ads
_aCFc*XY

az | =7 (13)
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ads

aHFCXY
o1

where

K:L Fv
¢, \DRT

In these boundary conditions, the electron-transfer rate was normalized to yield

Vo= A (00" €y ~(6) ™ Co |

f RT
Ahet = kO DFV

The adsorption rate was given in the dimensionless form as

with

Vo= M (O™ Coy (100 (0 61

with

RT
A, =K.T [
ads ads § DFV

I' | RT
A, =k Lo [RT
e . ¢, DFv

Adsorption equilibrium was achieved at = 0 to yield

Aads — OFCXY
A 1-6

des FeXY

€Xp ( —& IQFCXY )

Overall, V is equivalent to a normalized current response, /, to yield
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(14)

(15)

(16)

(17)

(18)

(19)

(20)

1)



[=v =1 BT (22)
“  FS,, \ DFv

where FS c,vDFv/RT is ascaling factor and V, = 0.4463 for a reversible CV without adsorption.

Table 1. Parameters Used in COMSOL and Dimensionless Models.

Parameters Equation
COMSOL Dimensionless Model
Esw E, - E°
Erange Ez " Hinitial
kO 17
RT
A= ko\/
¢ DFv
theta0 ) Fs Fy 15
¢, DRT
Lamda A, 19 and 20
Adcs
g g'=2gT /RT 10
kappa RT 19
A = Od I |—
aas aas N DFV
alpha O Sand 6
beta Oluds 8 and 9
gamma D /D
Fc"XY

S-5




