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Abstract

The catalytic properties of metallophthalocyanine (MPc) complexes have long been applied to
electrochemical sensing of nitric oxide (NO) to amplify sensitivity and reduce the substantial
overpotential required for NO oxidation. The latter point has significant ramifications for in situ
amperometric detection, as large working potentials oxidize biological interferents (e.g., nitrite, L-
ascorbate, and carbon monoxide). Herein, we sought to isolate and quantify, for the first time, the
selectivity benefits of MPc modification of glassy carbon electrodes. A series of the most
catalytically active MPc complexes towards NO, including Fe(ll)Pc, Co(I1)Pc, Ni(Il)Pc, and
Zn(1l)Pc, was selected and probed for NO sensing ability under both differential pulse
voltammetry (DPV) and constant potential amperometry (CPA). Data from DPV measurements
provided information with respect to MPc signal sensitivity amplification (~1.5x) and peak
shifting (100-200 mV). Iron-Pc exerted the most specific catalytic activity towards NO over nitrite.
Catalyst-enabled reduction of the working potential under CPA was found to improve selectivity
for NO over high potential interferents, regardless of MPc. However, impaired selectivity against
low potential interferents was also noted.
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1. Introduction

Nitric oxide (NO) is an endogenous free radical implicated in a number of essential
physiological processes, including inflammation [1], wound healing [2], vasodilation [3],
and neurotransmission [4]. Despite a growing understanding of NO’s roles, the ways in
which endogenous levels of NO naturally fluctuate and the concentration-dependence of its
activity are generally still not agreed upon. Unfortunately, dynamic detection of NO is
constrained by NO’s reactive nature and the presence of scavengers, greatly reducing its
half-life in biological media [5-7]. Electrochemical sensors enable direct, real-time
measurements of NO with fast response, high temporal resolution, low cost, and freedom
from exogenous reagents [8,9].

Selectivity remains perhaps the greatest challenge to accurate electrochemical detection of
NO in situ [5,10,11]. While electrochemical oxidation of NO is thermodynamically
favorable, formation of the initial nitrosyl cation (NO*) is kinetically slow, requiring large
overpotentials (Figure 1, adapted from reference 8) that are also capable of oxidizing
interferent species present in biological milieu (e.g., nitrite, L-ascorbate, and carbon
monoxide) [12]. In this manner, sensor accuracy is diminished greatly. Working electrodes
must therefore be chemically modified to differentially enhance the NO signal and/or
impede interferent species’ access to the electroactive surface [11]. Selective NO detection is
traditionally achieved by the use of either selectively permeable (i.e., permselective)
polymer membranes or electrocatalysts [13]. Permselective barriers confer NO selectivity
through well-understood size-exclusion, hydrophobic interaction, or charge-repulsion
sieving mechanisms—exploiting NO’s small size, lipophilicity, and neutral charge,
respectively [14]. In contrast, electrocatalysts do not physically obstruct interferents; rather
they enhance the NO signal and/or reduce the overpotential required for oxidation by
facilitating electron transfer kinetics.

Metallophthalocyanines (MPc) represent the most common catalysts used in the fabrication
of electrochemical NO sensors (Figure S1) [13,15]. Belonging to the same class of transition
metal-coordinated macrocycles as metalloporphyrins (MP), MPcs have extended rt-systems,
which allow them to undergo fast redox processes and thereby facilitate electron transfer to a
variety of molecules [16]. Moreover, MPc catalysts are more chemically and thermally
stable than their MP counterparts [17]. Coordination of NO with an electrode surface-
confined MPc complex (chemisorptive or physisorptive) facilitates initial electron transfer
from NO to the MPc, which then relays that electron to the electrode charge sink, generating
the current response (Figure S2). The presence of certain MPc complexes is also believed to
stabilize the transient NO* cation before further oxidation to nitrate [16,18]. It is through
these stabilizing effects that the NO signal is amplified and voltammetric features are shifted
to lower potentials.
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The identity of the transition metal (M) has been reported to influence the site of NO
coordination [19], bond orientation [20], electronic structure [21], and oxidation potential
[12]. While separate studies have come to different conclusions as to the most catalytically
active MPc complex towards NO [12,18,22], no study has yet evaluated the concomitant
effects on sensor selectivity. For instance, an electrocatalyst that enhances both the NO and
interferent signals will not bear any improvement on sensor selectivity. Signal enhancement
from such a catalyst is more likely the result of increased electroactive surface area rather
than targeted ligation of NO. This hypothetical catalyst is significant in light of the fact that
several MPc complexes do not specifically bind NO at the metal core [19]. For example,
nickel-Pc is the most routinely used MPc for NO sensor fabrication due to its substantial NO
signal sensitivity amplification, yet several studies have reiterated that the oxidation is not
“metal-based” (i.e., mediated through the metal core) [13,18,22,23]. First-principles density
functional theory (DFT) calculations demonstrate that nickel- and zinc-Pc only weakly
physisorb NO at the metal core, preferring instead to hybridize with the C atoms on the
macrocycle’s periphery (Figure S1) [19,20]. Clearly, it is important to determine if these
non-metal-based interactions actually furnish selectivity benefits to the detection of NO.

The findings above motivated us to systematically evaluate the selectivity benefits of MPc
complexes in isolation (i.e., in the absence of a co-deposited permselective membrane).
Based on independent studies carried out by Caro et al. and Vilakazi et al., iron-
phthalocyanine (FePc), cobalt-phthalocyanine (CoPc), nickel-phthalocyanine (NiPc), and
zinc-phthalocyanine (ZnPc) were identified as the most catalytically active MPc complexes
[18,22]. These catalysts were drop-cast on glassy carbon (GC) electrode surfaces and
evaluated for selectivity against: nitrite (NO,7), an oxidative product of NO oxidized at
similarly high potentials; L-ascorbate (AA), a biologically ubiquitous, redox-active
molecule; and carbon monoxide (CO), a molecule of similar size and structure that has been
shown to exert similar physiological effects to NO through heme-coordination (e.g., with
hemoglobin) [24]. These properties are summarized in Table 1.

In addition to varying the interferent and MPc metal, selectivity was also monitored as a
function of electrochemical technique. One of the ways MPcs purportedly improve
selectivity is by lowering the required potential for NO oxidation, though actual selectivity
benefits have never been rigorously quantified [13]. Herein, NO selectivity was measured
using both differential pulse voltammetry (DPV) and constant potential amperometry (CPA).
DPV was used to determine shifts, if any, in the NO oxidation potential (£, no) relative to
the bare glassy carbon electrode. Measured £ v values of the catalyst-modified electrode
were then used as the working potentials for CPA measurements. Comparisons in selectivity
when the working potential was set at either the £, v of the bare or MPc-modified
electrode allowed for the determination of whether catalyst-enabled reductions of the
working potential improved selectivity.

2. Experimental

2.1. Materials and reagents

Iron (I1) phthalocyanine (FePc), cobalt (1) phthalocyanine (CoPc), nickel (I1)
phthalocyanine (NiPc), zinc (I1) phthalocyanine (ZnPc), sodium nitrite (NaNO,), and L-
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ascorbic acid (AA) were purchased from Sigma (St. Louis, MO). Pyridine was obtained
from Fischer Scientific (Hampton, NH). Nitric oxide (99.5%), carbon monoxide (99.3%),
nitrogen (N»), and argon (Ar) gases were purchased from National Welders Supply (Raleigh,
NC). Chemicals and solvents were analytical-reagent grade and used as received without
further purification.

Distilled water was purified to a final resistivity of 18.2 MQ-cm and a total organic content
of <6 ppb using a Millipore Milli-Q UV Gradient A10 System (Bedford, MA). Saturated
solutions of gaseous NO (1.9 mM) and CO (0.9 mM) were prepared by purging ~20 mL of
phosphate buffered saline (PBS; 10 mM, pH 7.4) on ice with Ar for 30 min to remove
oxygen, followed by purging with NO or CO gas for 30 min [28]. Saturated solutions were
prepared on the same day as use and stored at 4 °C between calibrations. All electrochemical
experiments were carried out in 20 mL of deoxygenated PBS at room temperature (23 °C)
using a CH Instruments 1030 8-channel Electrochemical Analyzer (Austin, TX). The
electrode configuration consisted of glassy carbon (GC; 3 mm dia.) inlaid disc working
electrodes sealed in Kel-F (6 mm total dia.; CH Instruments), a silver-silver chloride (Ag|
AgCI) reference electrode (3.0 M KCI; CH Instruments), and a coiled Pt wire counter
electrode. All potentials are reported versus the Ag|AgCI reference electrode.

2.2. Preparation of catalyst-modified glassy carbon electrodes

Glassy carbon disc working electrodes were sequentially polished with 1.0, 0.3, and 0.05 um
alumina slurries to achieve a mirror finish. To avoid surface cracking and loss of electrical
contact, glassy carbon electrodes were wiped lightly with tissue and rinsed copiously with
DI water (in place of sonication) to remove imbedded alumina. After drying under a No
stream, catalysts were drop-cast onto the GC electrode surface using 30 pL of 1.5 mM MPc
solution dissolved in pyridine. After evaporation of the pyridine in ambient (~20 min),
excess catalyst not physi- or chemisorbed to the surface was removed by rinsing with
ethanol and then pyridine. Catalyst-modified electrodes were dried under a N, stream before
immediate use. Adsorption of the catalyst was confirmed by X-ray electron spectroscopy
(XPS). Briefly, a Kratos Axis Ultra DLD X-ray photoelectron spectrometer with a
monochromatic Al Ka X-ray source (base pressure = 6 x 1072 torr) was used to collect both
survey (80 eV pass energy) and high-resolution scans (20 eV pass energy) of the signature
peaks of the transition metal centers. All data were corrected to the carbon 1s peak at 284.6
eV. Plates of glassy carbon (10 mm x 30 mm x 1 mm; SPI Supplies; West Chester, PA) were
used in place of disk electrodes to facilitate surface analysis.

2.3. Electrochemical measurements via differential pulse voltammetry

Bare and MPc-modified GC electrodes were swept repetitively from 0 to +1100 mV for
eight scans via differential pulse voltammetry (DPV) to achieve a constant background trace
before measurements. Anodic peak potentials (£ yo) were measured and calibration curves
collected for NO via DPV with aliquot concentrations ranging from 0.475 to 47.5 uM. Peak
current trended linearly with NO concentration, the slope representing the sensitivity.
Similar DPV calibration plots were generated for nitrite and AA over a concentration range
between 0.1 — 3.0 mM. Carbon monoxide calibrations were generated over 9 — 180 uM. Of
note, signal related to CO concentration was never observed, even at the saturation limit of
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0.9 mM. All DPV traces were collected by sweeping from 0 to +1100 mV with an amplitude
of 50 mV, step increase of 4 mV, period of 0.5 s, pulse width of 0.2 s, and sample width of
0.0167 s. Voltammograms herein are presented in the polarographic convention.

2.4. Electrochemical measurements via constant potential amperometry

The £, no peak potential measured for the bare GC electrodes under DPV was used as the
working potential for constant potential amperometric (CPA) measurements (£, yo = +1022
mV). For MPc-modified electrodes, the working potential was set at the £ o of the bare
electrode with measurements repeated at the specific £, o of the MPc-modified electrode
for comparison. In all cases, electrodes were polarized for 10 min prior to measurement at
the working potential being tested. Staircase calibration plots were collected with
consecutive 0.475 PM injections of saturated NO solution. Similar plots were generated with
0.250 mM injections of nitrite and AA and 1.125 uM injections of saturated CO solution.

2.5. Calculations and statistical analysis

With the data collected from both DPV and CPA, selectivity coefficients for NO against
interferent species were calculated according to Eq. 1, where S;is the sensitivity towards
interferent /, and Sy is the NO sensitivity. Of note, more negative coefficients are indicative
of greater selectivity.

S,
logkyo, ;= log(%) (Ea. 1)

Sensitivity amplification factors were calculated according to Eq. 2, where Syo prpc
represents the NO sensitivity of the MPc-modified electrode and Sy pare that of the bare
GC electrode.

N

NO, MPc

Ay, = NO:MPe (g 2)
Mpe SNO, bare

As a comparative metric for MPc-modified electrodes, theoretical selectivity coefficients
were calculated according to Eq. 3, assuming perfectly selective amplification of solely the
NO signal (i.e., no amplification of the interferent response), where S p4re is the bare GC
electrode sensitivity towards interferent J.

S.
_ J,bare
logkNO’MPC’ i log(SNO bareAMPc) (Eq 3)

An experimental selectivity coefficient (from Eqg. 1) smaller (i.e., less negative) than its
corresponding perfectly selective value (Eg. 3) was thus indicative of partial non-selective
catalytic behavior. Sensitivity to NO, NO oxidation potentials, sensitivity amplification
factors, and selectivity coefficients are presented (either numerically or with error bars) as
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the mean + the standard error of the mean. Comparisons between data sets were performed
using two-tailed #tests.

3. Results and Discussion

The outer aromatic ring of MPc macrocycles coordinates strongly with parallel carbon
planes due to the overlap in rt-orbitals, which facilitates functionalization of glassy carbon
electrodes [29-31]. Drop-casting was selected as the method of surface modification due to
its simplicity and reproducibility [16,32]. Although practically all NO sensors that
incorporate MPc complexes do so in conjunction with a permselective membrane (either co-
deposited or as a discrete secondary layer) [17,32-35], the GC electrodes herein were
modified solely with the MPc complexes to observe their selectivity and catalytic effects in
isolation [12]. Electrode surface modification was confirmed with XPS by identifying
signature transition metal peaks (Figure S3). The metal/carbon ratio was calculated for
relative comparisons of the extent of surface modification, though some literature suggests
catalytic enhancements are not dependent on surface concentration [36].

3.1. Differential pulse voltammetry

Metallophthalocyanines are known to exert catalytic effects by shifting voltammetric
features to lower overpotentials and by amplifying current responses [13]. To observe both
of these effects, differential pulse voltammograms were collected in the presence of NO on
bare and MPc-modified GC electrodes. Incorporation of MPc catalyst elicited a marked shift
in NO’s anodic peak towards lower potentials (A£; o = 100-200 mV), confirming
successful facilitation of electron transfer (Figure 2A). Although the influence of the metal
center identity was not strong, the order in peak shift was ZnPc ~ NiPc > FePc > CoPc as
shown in Figure 2B. This sequence is in agreement with the ordering of catalytic activity
reported by Caro et al. based on the kinetic current measured on a rotating disc electrode
[18]. The second peak feature in the trace of NiPc (ca. +1050 mV) was also observed in the
absence of NO and was attributed to the Ni(I11)|Ni(ll) couple [22,37]. In order to precisely
quantify amplifications to the current response, calibration curves were generated by plotting
peak anodic current versus NO concentration (Figure 2C displays an example calibration for
the FePc-modified GC electrode). Representative overlaid DPV traces and their
corresponding calibration curves for modified and bare GC electrodes are provide in Figure
S4. Signal sensitivity amplifications with MPc-incorporation were then calculated,
normalized to the bare GC performance (Figure 2D; Eg. 2). In addition to lowering the peak
anodic potential, all catalysts increased sensor sensitivity towards NO by a factor of ~1.5.
Although the identity of the metal center did not significantly impact the degree of
amplification, the same ordering as with respect to peak shifting persisted.

3.2. NO selectivity under DPV

Whereas permselective barriers impart selectivity by impeding interferent diffusion to the
working electrode surface, a selective electrocatalyst (ideally) enhances the signal of solely
the target analyte and not interferents. In order to assess the catalytic selectivity of different
MPc complexes towards NO, potential off-target signal sensitivity amplifications were
studied for relevant biological interferents: nitrite, L-ascorbate, and carbon monoxide (Table
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1). Experimental selectivity coefficients were calculated for both MPc-modified and bare
GC electrodes as a logarithmic ratio of sensitivities (Eq. 1). As a comparative metric to the
experimental selectivity coefficients, theoretical coefficients were calculated for each MPc
complex assuming perfectly selective amplification of just the NO signal (Eqg. 3). Any
undesirable increases in the sensitivity towards an interferent will yield an experimental
selectivity coefficient that is smaller (i.e., less negative) than the predicted coefficient that
assumes perfectly selective sensitivity amplification.

As indicated by the discrepancies in experimental and theoretical selectivity coefficients in
Figure 3A, it is clear that signal sensitivity amplifications from CoPc, NiPc, and ZnPc are
not perfectly selective for NO against nitrite—most severely in the case of NiPc.
Metallophthalocyanines have been shown to mediate electron transfers to/from a variety of
molecules and ions, including nitrite [16,36,38]. Moreover, in the reaction to oxidize NO,
nitrous acid (i.e., protonated nitrite) is formed before complete oxidation to nitrate (Figure
1). The considerable overlap in redox chemistry thus makes nitrite a potent interferent. Of all
the MPc complexes investigated in this study, only FePc demonstrated a statistically
insignificant difference between experimental and theoretical selectivity performance versus
nitrite, indicating the most specific catalytic amplification of NO signal.

Density functional theory first-principles calculations of the optimized MPc-NO structures
have demonstrated that NO binds strongly to FePc and CoPc at the metal center [19,20].
Iron-Pc in particular has the greatest theoretical change in adsorption energy upon
hybridization, accounting for its high specificity towards NO [39,40]. Calculations via DFT
carried out by Nguyen et al. have shown that MPc-NO adsorption energy decreases with ¢
orbital occupation, suggesting the need for unoccupied d-orbitals for proper interaction with
the half-occupied r*-orbital of NO (resulting from its unpaired electron) [19]. The fact that
FePc and CoPc strongly bind NO may also account for their higher NO oxidation potentials
relative to NiPc and ZnPc (Figure 2B) as binding energy has been used as a reactivity
descriptor to explain why Fe N4 macrocycles that strongly bind oxygen have lower catalytic
activity [41]. Durable FePc-NO adduct formation may also lead to surface consumption of
active electrocatalytic sites [18].

Transition metals further across the periodic table have more highly occupied d-orbitals;
thus NO only weakly physisorbs to aromatic carbons along the periphery of NiPc and ZnPc
macrocycles. It has also long been understood that the catalytic effects observed for NiPc are
distinctly not “metal-based” [23], and lack of targeted ligation of NO may account for
poorer selectivity against nitrite relative to the other MPc complexes studied herein (Figure
3A).

L-ascorbate (AA) is an equally relevant interferent capable of being oxidized at lower
potentials than NO (£ 4,4 = 100-300 mV). Of note, AA is present at greater concentrations
than nitrite physiologically (Table 1). Comparisons between experimental and theoretical
selectivity coefficients for NO against AA revealed no statistically significant difference or
off-target amplification of the AA signal occurring with MPc modification (Figure 3B). The
specificity of all MPc catalysts for NO over AA is attributed to AA not sharing any part of
its intrinsic redox chemistry with NO (in contrast to nitrite) [37]. The lack of AA signal
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enhancement indicates that these MPc complexes do not amplify the NO signal through non-
specific means (e.g., as with an increase in the electrode’s electroactive surface area)
regardless of M-NO binding ability.

Lastly, neither the bare nor MPc-modified GC electrodes exhibited measureable activity
towards CO (Table 2). Heterogeneous electrochemical oxidation of CO requires direct
coordination with a transition metal electrode, such as tin or platinum [27,42]. As such, no
activity was anticipated on bare GC. The continued lack of activity upon modification with
the MPc catalysts suggests that either CO does not bind to the metal centers or such binding
does not meaningfully facilitate electron transfer from CO to the GC electrode sink. Pre-
treatment of MPc-modified electrodes in CO-spiked solution neither decreased sensitivity
towards NO nor altered peak position, demonstrating that the catalytic effects towards NO
are maintained even in the presence of CO.

3.3. Constant potential amperometry

Differential pulse voltammetry measures current across a range of potentials, the output of
which may be used to ascertain electrochemical properties of the redox system under
observation. Potentiodynamic techniques of this kind, however, are constrained by temporal
resolution and the potentiostat’s ability to apply complex waveforms. Potentiostatic
techniques, such as CPA, are better suited for continuous measurement, since a constant
potential is applied while sampling the current at a set rate. Though faster and simpler than
potentiodynamic techniques, CPA suffers from an inherent lack of specificity [11,33]. For
example, a DPV trace may show two peaks for two analytes, while CPA will return the sum
of each analyte’s contribution as a single current. We thus set out to determine if and how
the selectivity benefits of MPc complexes observed with DPV could be transferred to CPA, a
more widely employed technique.

With the potential set to the oxidation potential of NO on bare GC (+1022 mV), current
response was measured with successive injections of NO to generate staircase calibration
plots for bare and MPc-modified GC electrodes (Figure 4A). Catalyst inclusion increased
the sensitivity 2-3-fold with the greatest amplifications observed for FePc and NiPc (Figure
4B). Under DPV, by comparison, the MPc-derived signal increases were comparatively
milder (~1.5x). The applied potential of +1022 mV under CPA represented a significant
overpotential to MPc-catalyzed NO oxidation (Figure 2B). In order to determine if the
resulting 2-3x signal sensitivity amplification was specific to NO, experimental and
theoretical selectivity coefficients were compared (Figure 4C; Eq. 3). The large
discrepancies observed across all MPcs point to off-target amplification of the nitrite signal,
even in the case of FePc, the most selective catalyst under DPV. Of note, CPA and DPV
experimental selectivity coefficients against nitrite were congruous (Figure 4C), revealing
that only signal sensitivity amplification /n excess of ~1.5% under CPA was non-specific to
NO. The only exception was ZnPc, for which the NO sensitivity diminished with successive
CPA trials, possibly indicative of breakdown/stripping at the continuously-maintained, high
overpotential.

Due to the fact that the CPA current is the sum of all redox species’ current contributions,
increasing the applied potential extends the range of potential interferents included in the
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sum. Nitric oxide and nitrite share similar redox chemistry with oxidation potentials that
closely mirror each other, even in the presence of an electrocatalyst (A£; < 80 mV) [43]. As
a result, an excessive overpotential (e.g., +1022 mV compared with the reduced £ o values
of MPc-modified electrodes) will amplify both signals as opposed to selectively amplifying
NO. To potentially eliminate this non-specific signal sensitivity amplification, the CPA
applied potential was reduced to the specific NO oxidation potential of each MPc catalyst
(Figure 2B). Selectivity coefficients were then re-measured (Table 3). As anticipated, the
NO sensitivity fell substantially without the large overpotential; however, selectivity versus
nitrite improved slightly (except for NiPc, for which the NO signal fell precipitously). Of
note, amplifications were less than 1.1 for MPc-modified electrodes, indicating that
selectivity improvements against nitrite were a result of reducing the nitrite signal to a
greater degree than the NO signal (as opposed to selectively amplifying the NO signal).

While reducing the CPA applied potential benefitted or maintained selectivity against nitrite,
the same could not be said for the selectivity versus AA. Even though the applied potential
was reduced to the +800-900 mV range with MPc modification, these potentials still
represent vast overpotentials to AA oxidation (£; 44 = 100-300 mV), precluding differential
signal reduction over NO. As shown in Table 3, the selectivity coefficients against AA were
diminished as a result. As with DPV measurements, no activity versus CO was observed,
regardless of MPc modification or applied potential.

4. Conclusions

Metallophthalocyanines, and electrocatalysts more generally, exert their catalytic effects
through two primary mechanisms: signal sensitivity amplification and reduction in the
required overpotential. How these effects translate to NO sensor selectivity enhancements
was explored using DPV and CPA. Signal sensitivity amplification (~1.5%) was perfectly
specific to NO over AA for all MPc complexes studied herein, but only perfectly selective
over nitrite in the case of FePc. The MPc catalysts greatly enhanced the NO signal under
CPA (2-3x), but only a portion of that amplification was due to specific catalytic effects. The
claim that MPc-enabled lowering of the applied potential improves selectivity is only true in
the case of high potential interferents such as nitrite. The signal contributions of low
potential interferents such as AA (and inferably others, including acetaminophen, dopamine,
and uric acid) remain largely unaffected and continue to pose a significant challenge to
selective, continuous detection of NO. Therefore, signal sensitivity amplification (as
opposed to peak shifting) is the only route by which MPc complexes may meaningfully
improve NO selectivity. Compared to permselective membranes capable of mitigating
interferent transport >1000-fold, the suggested selectivity benefits of MPc incorporation are
real, but ultimately limited.
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‘NO > NO* + e
NO* + OH" = HNO,
HNO, + H,0 - NO; + 3H* + 2e-

‘NO + H,O + OH = NO; + 3H* + 3e

Figure 1.
Three-step electrochemical oxidation of nitric oxide.
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Figure 2.
(A) Differential pulse voltammograms of bare and MPc-modified GC electrodes in the

presence of 23.75 uM NO in pH 7.4 PBS with (B) corresponding peak potentials (7> 3). (C)
Overlay of DPV traces collected in the presence of different NO concentrations on a FePc-
modified GC electrode (Inset: calibration curve from the peak currents as a function of
concentration). (D) Nitric oxide sensitivity amplification of MPc-modified electrodes
relative to bare GC (n= 3). * = p< 0.05, ** = p< 0.01, and *** = p< 0.001 with respect to
GCE.
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Experimental and theoretical (Eq. 3) selectivity coefficients for NO versus (A) nitrite and
(B) L-ascorbate measured via DPV on MPc-modified and bare GC electrodes (172 3).
Statistical information is with respect to perfectly selective amplification. * = p< 0.05, ** =
p<0.01, and *** = p< 0.001.
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Figure 4.
(A) Staircase amperograms of bare and MPc-modified GC electrodes with successive NO

injections in pH 7.4 PBS and an applied potential of +1022 mV; (B) corresponding NO
sensitivity amplifications relative to bare GC (7= 3). Statistical information is with respect
to GCE. (C) Experimental and theoretical (Eq. 3) selectivity coefficients for NO versus
nitrite (7= 3). Statistical information is with respect to perfectly selective amplification. * =
p<0.05, ** = p<0.01, and *** = p< 0.001.

Electrochim Acta. Author manuscript; available in PMC 2019 May 20.

Page 15

o Experimental - CPA
®Perfectly Selective Amplification C
4 ®Experimental - DPV

GCE  GCEFePe GCE/CoPe GCENiPe GCEZnPe



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Brown and Schoenfisch

Table 1

Interferents to electrochemical detection of nitric oxide.

Interferent  Ea(mV)  Concentration (nM) Media Reference
NO,~ 800-1200 >20,000 Blood [25]
AA 100-300 43,000 Serum [26]
co 200-500 500-1500 Kidney tissue [27]
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