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ABSTRACT: Open circuit potential (OCP) measurements
can be very sensitive to small changes in the electrode
environment and may allow detection of electron transfer
events involving few, and maybe single, electrons. Factors
affecting the overall sensitivity of OCP measurements were
investigated to achieve the highest sensitivity. The OCP of
platinum ultramicroelectrodes (UMEs) was determined in
solutions that initially contained only supporting electrolyte
where the OCP is a mixed potential governed by background
faradaic processes. Then, increasing amounts of a redox couple
at equimolar amounts of oxidized and reduced forms were
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added. In dilute solutions of the redox couple, the OCP deviates from the redox potential because of additional background half
reactions occurring at the electrode. These dominate the OCP through their partial current contributions, shifting the OCP to a
mixed potential region. The OCP at a platinum UME remains unchanged from the aqueous electrolyte solution mixed potential
until ~107¢ to 10~ M concentrations of redox molecules are reached. At higher concentrations, the OCP moves toward the
formal potential of the redox couple and eventually becomes poised at this value. By using a simple surface modification, the
sensitivity to changing concentrations can be increased by almost 2 orders of magnitude. Numerical calculations with a Butler—
Volmer formalism can estimate the contribution to the OCP mixed potential from background half reaction currents which are
used to extract sensitivity factors from the change in potential with respect to current. The relative sensitivity to changing
concentrations is shown to increase as the electrode size decreases.

O pen circuit potential (OCP) measurements combined
with nanoscale electrodes can be an extremely sensitive
detection system and hold the possibility to detect few or even
single electron transfer events. We discuss here the sensitivity of
the OCP measurement system, factors that can affect the
sensitivity, and ways to increase it. This investigation was done
by measurement of the changing OCP from a mixed potential
system to a poised system as the concentrations of redox
molecules increases for various sized electrodes and under
different conditions.

The OCP is the potential where zero total current flows in
the electrode. The OCP of an electrode immersed in a solution
containing sufficient amounts of components of a reversible
redox couple will establish an OCP that is the expected
thermodynamic potential of the redox couple and is said to be
poised at that potential. This is a result of the fast kinetics of
both the anodic and cathodic half reactions. Similarly, in
solutions containing no reversible redox couple that can
establish the electrode potential, other half reactions combine
to produce a zero net current, setting the potential of the
electrode to the so-called mixed potential of the system. The
concept of the mixed potential system has been largely used in
corrosion science and was first introduced by Wagner and
Traud."” Others have shown its use in other areas such as
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reaction kinetics® and catalysis.”” Additionally, OCP measure-
ments have also been widely applied as sensing techniques for
various chemical species.””'’ This group recently used this
concept as an ultrasensitive nanoparticle detection method and
analysis technique where platinum nanoparticles were detected
as they collided with a gold electrode, leading to a stepwise
change in the measured OCP toward that of bulk platinum."'
By invoking the mixed potential system, the magnitude of the
observed OCP steps from nanoparticle collision could be
reliably predicted."

A schematic representation of the concept of the OCP half
reactions can be seen in Figure 1. Two different situations are
depicted in the schematic, Figure 1A shows a situation where
the reaction is not spontaneous (Egy® — Eg.° > 0) or is
spontaneous but has very slow reaction kinetics where there is a
negligible half reaction or mixed current, i ;. This system will
depend very strongly on kinetics of the half reaction and
possible mass transport and is akin to a noble metal electrode
placed in an aqueous solution where no redox molecules are
present (just electrolyte). Figure 1B shows a situation where
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Figure 1. Schematic representation of the mixed potential half reaction
i—E curves. (A) When Eqy° — Eg.s° > 0, a system forms that has a very
small mixed potential current, i,;,. (B) When Epx® — Eg.s° < 0, the
reactions will occur spontaneously at the systems OCP and have a
more substantial mixed current.

the reaction proceed spontaneously (Eox® — Eg.s’ < 0, e.g, a
corrosion reaction where the anodic branch involves iron
corrosion and the cathodic one involves oxygen reduction)
which has a substantial mixed current, which in principle cannot
be directly measured. The electrode potentials for both cases
will be decided by the relative rates of the background half
reactions. If the system contains a reversible redox couple, the
OCP is equivalent to the formal potential of the redox couple
and is said to be poised.

The Nernst equation can be used to predict the measured
potential of a solution based on the concentrations of ions or
redox molecules. The potential of an electrode placed in a
solution that contains a mixture of the redox couple can be
predicted by the Nernst equation and depends on the relative
concentrations of each. At equal concentrations, the measured
potential, E, will be poised at the formal potential of the redox
couple, E°". However, at very low concentrations of the redox
species the Nernst equation no longer applies. The deviation
from ideal behavior can be used to determine relative rates of
reactions that shift the OCP to the mixed potential region.

Our study shows that at a platinum UME in very dilute redox
solutions (equimolar concentrations of K;Fe(CN)s and
K,Fe(CN), were used), the measured OCP is dominated by
the background half reactions shifting the observed OCP to a
different mixed potential region. Through a series of experi-
ments we determined at what redox concentrations the
electrode begins to transition from the mixed potential to the
poised potential and we show the shape of the transition can be
used to investigate aspects of the OCP that cannot be directly
determined, such as the mixed currents. Figure 2 shows a
schematic representation of the dilute redox experiment that
was performed. The relatively simple experiment involved
increasing the concentration of redox couple in various
electrolyte solutions and then measuring the resulting OCP
at each concentration. The relative rates of electron transfer
resulting from each half reaction are represented as arrows in
the schematic (where anodic and cathodic currents sum to
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Figure 2. Schematic showing the generalized dilute redox solution
OCP experiment which is a function of mixed potential half reactions
and the redox molecule half reactions. The OCP is measured as
increasing concentrations of redox molecules are added to the
solution. At low concentrations, the OCP is dominated by the mixed
potential of the other half reactions but at higher redox concentrations
the OCP becomes dominated by the redox molecule and is poised at
the formal potential of the redox couple.

zero). Instead of becoming poised at low concentrations the
electrode remains at the OCP mixed potential of the solution
with just electrolyte present. Furthermore, the electrode does
not become poised until a sufficiently high concentration of
redox molecules are introduced into the system due to the
dominating additional half reactions. As the redox concen-
tration increases, the contribution of the redox half reactions
increases and eventually dominates over the background half
reactions. As far as we are aware, the only previous study that
has observed a concentration dependent deviation from
Nernstian behavior for molecules involves an inner-sphere
electron transfer reaction, such as O, and H,."”

B EXPERIMENTAL SECTION

Electrode Fabrication. The electrodes used in this study
were constructed by sealing either a 25 ym Pt wire (Alfa Aesar,
99.95% purity) into a borosilicate glass capillary (0.75 mm
inner diameter and 1.5 mm outer diameter, Sutter Instrument)
under vacuum. After sealing, the electrode was electrically
contacted with silver conductive epoxy (Epo-tek H20E, Epoxy
Technology, Ted Pella) and NiCr wire. The procedure to
prepare the platinum disk nanoelectrodes is described in detail
elsewhere."*™"° To briefly summarize, a 25 um diameter
platinum wire was placed in a fused silica capillary tube (o.d., 1
mm; id., 0.3 mm, Sutter Instrument Co.) and one end sealed
closed using an oxygen/hydrogen flame. The fused silica
capillary was then placed in a P-2000 laser pipet puller (Sutter
Instrument Co.) and vacuum applied to the unsealed end of the
capillary. The laser was used to heat and seal the fused silica
around the platinum without pulling the capillary. Then the
platinum/fused silica assembly was pulled (pull parameters:
heat = 750, filament = 2, velocity = 60, delay = 140, pull = 250)
resulting in two ultrasharp tips with the platinum nanowires
sealed inside. The Pt wire in the tips was then electrically
contacted and carefully polished to expose the disk electrode.
The platinum electrode modification was done by soaking the
electrode in a 10 mM solution of 1-propanethiol in ethanol for
24 h followed by rinsing it in ethanol then DI water. All
solutions were purged with argon before use except when
specified otherwise.

Electrochemical Measurements. OCP electrochemical
measurements were recorded using a Keithly 6430 high input
impedance (>200 TQ) electrometer operating with a two
electrode setup in a faraday cage grounded to the instrument
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Figure 3. Measured potential over time at a 1.9 ym radius Pt UME in 100 mM KCl solution that is (A) deaerated by actively purging with argon and
(B) air saturated. The arrows in each indicates increasing concentration of added redox molecules from nM to mM and the red curves are the
potential curves in the absence of redox molecules, (i.e., pure electrolyte). (C and D) Semi log plots showing the resulting steady state OCP value
versus the—log of the redox molecule concentration determined from parts A and B, respectively. The red dots located on the y-axis denotes the
OCP from the pure electrolyte. A list of redox concentrations used is included in the Supporting Information.

with a shielded triax cable. When performing these types of
electrochemical measurements it is important to use a
measurement system with a very high input impedance to
not affect the resulting measurement.17 If measurements are
made using an instrument with too small of an impedance,
erroneous results will be obtained. The data was recorded using
an in-house virtual instrumentation program written in
LabView (National Instruments) on a desktop PC equipped
with a NI GPIB-USB-HS+ (National Instruments) controller
and analyzer. A commercial Ag/AgCl reference electrode (CH
Instruments) was used for all experiments and all potentials are
referenced to NHE.

B RESULTS AND DISCUSSION

OCP in Dilute Redox Solutions. The OCP experiments
were performed by measuring the potential over time (E vs t)
of platinum UMEs in various concentrations of redox
molecules while the supporting electrolyte remained un-
changed. Example OCP measurement experiments can be
seen in Figure 3. These were recorded from a 1.9 ym radius Pt
UME in 100 mM KCl in both deaerated (Ar sparged) and air
saturated solution. The E vs t plots shown in Figure 3A,B are
from the deaerated and air saturated solutions, respectively, and
the final portions of the potential curves and are observed to be
steady over time. First, the electrode would be allowed to reach
a steady state OCP in the electrolyte only solution. This would
typically take a long time as there were no redox molecules in
solution to poise the potential but would reach a steady OCP
faster as the concentration increased. An example of a typical
potential curve can be seen in Figure S-2 in the Supporting
Information where it took nearly 2 h to reach a steady OCP.
After the potential reached a constant potential, the redox
couple was injected into the solution and any change in
potential was determined.

For the deaerated 100 mM KCI solution, Figure 3A, the
electrolyte only potential curve is located at a more negative
potential. As the redox species, Fe(CN)s>/* was added and the
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concentration is increased, the potential initially does not
change for nM concentrations but as it reaches uM
concentrations, the potential shifts more positive. As the
concentration is increased, the change in the measured OCP
extends over several orders of magnitude of concentration and
does not become poised until the high M concentration range
(50—500 uM), after which adding more does not cause further
change to the OCP. Figure 3B shows essentially the same trend
except for in air saturated solution, where oxygen concentration
is much higher, the OCP of the electrolyte starts at a more
positive potential than the formal potential of the redox couple
and then shifts negatively toward the poised potential as the
concentration is increased.

The resulting steady state OCP values that are obtained from
each potential curve are plotted versus the negative log of the
concentration and shown in Figure 3C,D for the deaerated and
air saturated solutions, respectively. These plots show sigmoidal
relationships as the OCP goes from being dominated by the
mixed potential to becoming poised. The most interesting
portion of the curve is the transition region where instead of a
sudden transition point there is a more gradual transition. This
indicates that in this region the redox half currents and mixed
potential half currents, i, are balanced with each other and
one does not quickly dominate over the other. In fact when the
relative magnitude of each reaction current are determined
from calculations (discussed in detail below), we find that the
halfway point in the curve is when the redox and mixed half
reaction currents are equivalent.

Having oxygen present in solution caused a large positive
shift in the mixed potential because it is removing electrons
from the surface of the electrode through the oxygen reduction
reaction (ORR). The other half reaction could be water
oxidation. To test this, the pH of the solution was changed to
both basic and acidic pH. If water oxidation is the other half
reaction the mixed potential is predicted to shift by —59 mV/
pH, as both the ORR and water oxidation involve protons in
their reactions.'® These tests also confirmed there was not an
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effect of the KCl electrolyte as a similar behavior was observed
in 100 mM phosphate buffered solution (pH 7.4). Figure 4

(A) 500 i1
E P
Z 300
g
< 100-
; pH 7.4
-100-]
H13
-3004+—————7——7 p —
0 300 600 900 1200 1500
Time /s
(B)GOO
. { o y = -55.343x + 547.5
% 2004 R?=0.9976
4
z |
] .
S 2004 0 T )
3 ] v
~ 1
a 0 ..
(o e
o b ..,
-200 H—r— 11— r—r—r——
0 2 4 6 8 10 12 14
pH

Figure 4. Observed pH dependence on the measured OCP in the
electrolyte only solutions. (A) The OCP measured from a 12.5 um
radius Pt electrode in various pH solutions once it has reached
equilibrium. (B) Plot of the measured OCP at equilibrium from (A) as
a function of pH. Solutions were 100 mM HCI (pH 1, measured as pH
1.05), 100 mM phosphate buffer (pH 7.4, measured as pH 7.39), and
100 mM KOH + 100 mM KCl (pH 13, measured as pH 12.96), all
solutions were Ar sparged for the duration of the experiment.

shows the resulting measured OCP in different pH solutions.
As predicted the high pH solution shifted the OCP to more
negative potentials whereas the low pH shifted it to more
positive potentials. Figure 4B plots the OCP versus pH and
from the slope of the line we get a relationship of the OCP to
the pH of —55 mV/pH, close to the expected —59 mV/pH.

Numerical Calculations. The contributions from the
mixed potential half reactions and the redox half reactions
can be calculated from the Butler—Volmer equations for the
half reactions. These calculated values were found to closely
match the experimental data and can be used to estimate i,
indirectly for each set of conditions. These calculations utilized
the Butler—Volmer kinetic equations for the anodic and
cathodic currents, which have been shown to effectively
model the open circuit mixed potential changes in a previous
publication.'” For generalized half reactions where species O in
solution gets reduced to species R, indexed by i to represent a
number of different reactions.

O +ne 2R, i=1,N E (1)
We can represent the half reaction currents, ic; and iy;, for
different species of O; and R, using eqs 3 and 4 below.'>"”
lig) = n,FAKG,Co(x = 0) exp[—acf(E — EZ)]
(i=1,0,i=3,Fe(CN)") (2)
liy] = nFAK{ Ci(x = 0) exp[(1 — ay)f (E — E3)]
(i =2, H,0, i =4, Fe(CN);*") 3)
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where A is the area of the electrode, n; is the number of
electrons for the overall reaction i, kg; and kg; are the cathodic
and anodic rate constants, respectively, for species i. Co;(x = 0)
and Cg(x = 0) are the concentrations of the oxidized and
reduced forms of the redox couple, EZ; and Ey; are the standard
potentials of the half reactions, a is a symmetry factor, and f =
F/RT with R being the gas constant, T is the temperature, and
F is Faraday’s constant. The concentrations of the redox
molecules at the electrode surface can be expressed as eqs 4 and
S.

Colx=0) = Cgi[l 4)

)

where Co* and Cy* are the bulk concentrations of the oxidized
and reduced forms of the redox molecule couple and ipc and
ipy are the cathodic and anodic diffusion limited currents,
respectfully. In the case of a disk shaped UME, the diftusion
limited steady state currents can be written in terms of the mass
transfer coeflicients, my and my.

- ic;'/ iDCi]

Cri(x = 0) = Call — iy/ips]

lipc! = n;F. AMOngi (6)
lipad = nFAmg,Crr )

For a disk electrode, the mass transfer coefficient will be
equal to mgy = 4Do/nr and my = 4Dy/7r, with r being the
electrode radius and Dy, and Dy, the diffusion coefficients of the
species O and R, respectively. The equations can be combined
into more general expressions.

lic) = (k&i/mo)(ipe; — ici) expl—acf(E — E¢;] (8)

ligl = (kRi/my)(ipa; — i) exp[(1 — ay)f(E — E}] 9)

The resulting eqs 8 and 9 can be further rearranged to give a
more suitable expression for the individual half reaction
currents.

lic| = iDCi/{l + mf,” exp[—acf(E - E&]}

ke (10)
. . mRi o
ligd = ippi/q1 + —- exp[(1 - aAi)f(E - Egl

Ai (11)

Equations 10 and 11 were used to calculate the currents for
each cathodic and anodic half reaction that occurred at the
electrode. The potential where all of the calculated anodic and
cathodic half currents combine to yield zero net current is the
OCP of the electrode, i.e., when the sum of all the cathodic
currents equal the sum of all the anodic currents (eq 12).

N N
Dlich =D liy
i=1 i=1 (12)

Using egs 10 and 11 combined with the relationship in eq 12,
we calculated OCP values that closely matched the
experimental OCP data points in various conditions. When
calculating the OCP values under various conditions we used
fixed constants for many parameters, most of which are
available in the literature. We also decided to use the
thermodynamic potentials for the oxygen reduction reaction
(O, + 2™ + 2H" < H,0,) and the water oxidation reaction
(H,0 < O, + 4H" 4e”) for the background half reactions. We
should highlight the fact that calculations of the actual rates of
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complex inner sphere reactions depend on knowledge of the
precise reaction mechanism, which could change the values of
E°. The calculations made here can only be considered as
effective reaction mechanisms so the true rates may be different
than what is calculated.

Figure S shows the comparison of experimental OCP curves
to the calculated curves for a 12.5 um radius electrode. The
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Figure S. Plots of the OCP curves with different concentrations redox
couple from a 12.5 ym radius Pt electrode in (A) 100 mM phosphate
buffer pH = 7.4 and (B) 100 mM KOH + 100 mM KCl. Included for
each plot is the resulting calculated data curve using the parameters
listed in Table 1 with pH 7.4 for the 100 mM phosphate buffer and 13
for the 100 mM KOH. Both solutions actively bubbled with Ar.

curves were calculated using the set of parameters listed in
Table 1 without any changes for all the experimental data
shown in Figure SAB except for the pH value that is used in
the E° values. The close match between the experimental data
and the calculated data shows that the model accurately
predicts the changing OCP. The different response of the OCP
to the increasing redox concentration in 100 mM KOH + 100
mM KCl (pH 13) compared to the 100 mM phosphate buffer
(pH 7.4) shows that a higher concentration of redox species is
needed to poise the potential in the basic solution. The OCP
plot in basic solution does not reach the poised potential until
~500 uM redox concentration. This is due to the pH
dependent shift of E° for the water oxidation to lower potential

leading to an increased water oxidation rate in basic solution,
which needs to be overcome by the redox species.

Electrode Surface Modification. The background half
reactions responsible for shifting the OCP to the mixed
potential region are inner-sphere reactions. These reactions can
be slowed by a surface bound layer of molecules which will
occupy the surface reaction sites, preventing the inner-sphere
reaction from occurring and decreasing the magnitude of i ;. It
is known that alkanethiols will form self-assembled layers on
platinum metal, albeit not as uniformly as on gold.”” Figure 6A
is a schematic showing an electrode with a surface bound layer
of 1-propanethiol which blocks the inner-sphere reactions from
occurring on the electrode surface while still allowing the
electron transfer from the outer-sphere redox molecules. This
suppression of the magnitude of i ;, should have the effect of
making the system more sensitive to the changing redox
concentrations. This inner-sphere blocking effect has been
observed previously where short chain alkanethiols will block
hydrazine oxidation (inner-sphere) while still allowing
ferrocene methanol oxidation to occur (outer-sphere).”***

Figure 6B shows the recorded OCP traces from a 12.5 ym
radius Pt electrode that has been modified with 1-propanethiol
in deaerated 100 mM PB (pH 7.4). The OCP of the modified
electrode in the electrolyte only solution is ~250 mV more
positive than compared to the OCP of a bare Pt electrode in
electrolyte only (see the Supporting Information Figure S-SB).
The more positive OCP is the result of a decreased water
oxidation rate on the modified electrode. Both reactions are
probably being suppressed but the water oxidation appears to
be suppressed more substantially than the oxygen reduction. As
the redox concentration is increased, the first OCP change is
observed at a much lower concentration. Figure 6C shows the
resulting OCP at the different concentrations for the modified
electrode and at 5 nM redox concentration, the OCP is similar
to the electrolyte solution but at 50 nM redox there is an
observed shift in the OCP and is essentially poised at 1 yM
concentration. A comparison of the normalized OCP response
for the modified and bare Pt electrodes is shown in Figure 6D.
The modified electrode shows greatly increased sensitivity to
the changing concentration compared to the bare electrode.
The observed change in OCP happens at almost 2 orders of
magnitude lower concentrations on the modified electrode.
This result demonstrates that the additional background half
reactions can be suppressed, and if they can be pushed low
enough the possibility of detecting extremely low concen-
trations using OCP measurements may become feasible.

Electrode Sensitivities. We have shown that the
experimentally measured OCP can be modeled as a mixture

Table 1. Values Used for the Various Constants in the Butler-Volmer Calculations of the Half-Reaction Currents to Determine

the OCP at Different Concentrations of Redox Couple”

D (cm?/s) E° (V) k° (cm/s) a C, (mol/L)
. —sb RT —6
ic; (O, Red) 14 X 10 070 — 2.3( =~ | x pH 0.0015 0.3 1.5 X 10
. —Sc RT —8
in, (H,0 Ox) 23 % 1078 123 = 23| /- | x pH 8% 10 0.75 55.5
icy (KyFe(CN)g) 7.6 X 1077 043 0.01 0.5 variable
ing (KFe(CN)g) 6.3 x 107 043 0.01 0.5 variable

“Appropriate values for electrode radius were used for different electrodes. The parameters in bold were varied between different data sets (i.e.,
different electrodes) to fit the experimental data as closely as possible. bOxygen diffusion coefficient taken from ref 20. “Water self-diffusion
coefficient taken from ref 21. “Ferricyanide/ferrocyanide diffusion coefficients taken from ref 19.
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Figure 6. (A) Blocking effect of a surface bound monolayer of 1-propanethiol on inner-sphere reactions. (B) Plot of the resulting OCP vs time
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Figure 7. Sensitivity factors for the change in potential with respect to the change in total anodic currents (AEgcp/Aiy;,) versus the redox
concentration for (A) the bare 12.5 ym radius Pt electrode from Figure SA, (B) 1.9 ym radius Pt electrode, (C) a 48 nm radius Pt electrode, and (D)
a propanethiol modified 12.5 pm radius Pt electrode. Partial currents were obtained from the calculated half reactions.

of reactions occurring at the electrode surface. The calculation
also allows the determination of the relative half currents that
each reaction is producing at the OCP for a given set of
conditions. By extracting these half currents from the numerical
calculations, a sensitivity plot can be made from the change in
the mixed current, i, which is the total of either the anodic or
cathodic currents (from the relationship in eq 12, the sum of
the anodic currents equals the sum of the cathodic currents).
The OCP change with respect to the changing mixed
currents in response to the added redox couple can be thought
of as a sensitivity factor (AEqcp/Aiy;). This factor is a
quantifiable measure of how sensitive an electrode will be to
very minute changes in the system. Figure 7 shows plots of the

9848

sensitivity factors derived from the calculation for different
electrodes. Figure 7A is for the bare 12.5 um radius electrode in
deaerated 100 mM phosphate buffer. Figure 7B,C is derived
from the 1.9 ym electrode and a 48 nm radius Pt electrode,
respectively (both in deaerated 100 mM KCI and the
comparisons of the experimental and calculation data are
shown in the Supporting Information). Figure 7D is the
sensitivity plot for the 1-propanethiol modified 12.5 ym radius
electrode in deaerated 100 mM phosphate buffer. The plots
show similar shapes where at the lowest concentrations the
sensitivity is the highest followed by a decrease in the sensitivity
that trends toward zero at the higher concentrations where the
electrodes become poised. The overall shape of the curve
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(being most sensitive at the lowest concentrations) is due to
the extremely small current changes associated with the
extremely small amounts of redox molecules present in
solution. These extremely small currents lead to large
sensitivities, even when the associated change in potential is
small. The sensitivity is seen to increase as the radius of the
electrode decreases. The smaller 1.9 pum radius Pt electrode is
more sensitive than the larger bare 12.5 um radius electrode
where there is an almost 6 times increase in the sensitivity but
the 48 nm radius electrode has a maximum sensitivity of more
than 20 times that observed for the 1.9 ym radius Pt electrode.
The propanethiol modified electrode had the highest sensitivity
where there is an increase in sensitivity by more than 3 orders
of magnitude over the bare electrode and it is 10 times more
sensitive than the 48 nm electrode.

Bl CONCLUSION

Measurements of the OCP at platinum UMEs revealed relative
sensitivities of the electrodes to changing redox concentrations
in solutions of dilute redox molecules. By investigating dilute
redox solutions, we found the OCP depends on the multiple
half reactions occurring at the electrode surface and that the
change in the OCP can be predicted through numerical
calculations. There is a concentration range where the OCP
goes from being dominated by the mixed potential half
reactions of water oxidation and oxygen reduction to being
poised at the redox molecule formal potential. By modeling the
experimentally observed OCP values using a simple Butler—
Volmer formalism we could extract the partial currents and
derive sensitivity factors. These modeled OCP values matched
very well with the observed values. We have also shown that
surface modification of the electrode with a simple adsorbed
monolayer can block the inner-sphere background half
reactions. This has the effect of decreasing the magnitude of
iy and increasing the sensitivity to the changing concentration
by almost 2 orders of magnitude and the sensitivity factor by 3
orders of magnitude.
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