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Abstract
Polypeptides or enzyme proteins have speci�c functions depending on their unique three-dimensional
structures. Active-site histidine or histidine tags in an enzyme protein can be used to �x an
electrochemically active species to the enzyme and can be further used as an electroactive material for
the electrode substrate of a faradaic supercapacitor, which is an energy storage device with high power
density. Here, we introduce an enzyme-linked electric double-layer capacitor and a pseudocapacitor
prepared by cyclovoltametrically intercalating histidine moieties of the linked enzymes with ferricyanide
ions. Indium tin oxide (ITO) was employed as the electrode substrate for immobilization of histidine-
tagged methyl tryptophan oxidase (HMTO). After attaching HMTO via amino-glutaraldehyde cross-linking
chemistry, the resulting HMTO-ITO electrodes were further activated with ferricyanide. The approximate
amount of HMTO immobilized on an ITO substrate of area 1.13 cm2 was 3.3 ± 0.46 µC, equivalent to
11.4 pmole (0.49 µg) of HMTO. The speci�c capacity of the biopseudocapacitor determined using cyclic
voltammetry was 6.19 C g− 1 at a scan rate of 10 mV s− 1.

1. Introduction
Supercapacitors have been widely employed in various industrial applications that require a high electric
power for a relatively short period of time, a high number of charge/discharge cycles, and a long lifetime,
such as handheld tools, renewable or sustainable energy harvest/storage, ground-based transportation
vehicles, and even aerial vehicles. These supercapacitors or electrochemical capacitors, belonging to a
group of energy storage devices with a power density higher than that of the conventional secondary
battery, are divided into three major categories: electric double-layer capacitor (EDLC), pseudocapacitors,
and hybrid capacitors [1–6]. While the EDLC stores most of the electrical energy through electrostatic
double-layer capacitance and shows excellent charging/discharging cyclability with theoretical unlimited
lifetime, pseudocapacitors store energy by means of faradaic pseudocapacitance in addition to static
double-layer capacitance, and therefore show greater energy storage capability than the EDLC [7]. More
importantly, in many cases, pseudocapacitors composed of organic polymeric conductors [2] and metal
oxide nanopowders [1, 3] are intrinsically compatible with recently developed stretchable and wearable
electronics. However, the working mechanisms involving redox reactions, which are detrimental to the
device lifetime, restrict the employment of pseudocapacitors to some state-of-the-art research �elds only.
Although we have previously reported mechanically �xed electroactive metal oxide nanopowders in a
stretchable pseudocapacitor yarn [8], effective and strong �xation of electroactive materials to the
electrode substrate of energy storage devices is still challenging.

In recent years, enzyme-based biosupercapacitors have been introduced [9–16]. In this work, a
biopseudocapacitor shows hybrid charge storage properties, i.e., electric double-layer capacity and
pseudocapacity, simultaneously. We report a bioelectrode with pseudocapacitive properties based on a
histidine-tagged N-methyl tryptophan oxidase (HMTO)-mediated ferricyanide/ferrocyanide as the
electroactive redox species. A �avoenzyme group, including the N-methyltryptophan oxidase and
sarcosine oxidase, commonly contains active-site histidines [17, 18], and the histidine residue, a versatile
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amino acid in an enzyme, can strongly bind to electroactive metal complexes [19–22]. Herein, we
describe the development of an electroactive ferricyanide-linked HMTO-mediated pseudocapacitive
electrode utilizing glutaraldehyde cross-linking of the HMTO enzyme onto indium tin oxide (ITO)
electrodes treated with (3-aminopropyl)triethoxysilane (APTES). The materials and methods used in this
work are technically compatible with stretchable and wearable electronics. Our approach also proves the
effectiveness and usefulness of the employment of an enzyme to �x electroactive materials to an energy
storage electrode.

The HMTO-entrapped biopseudocapacitor electrode was characterized using electrochemical impedance
spectroscopy (EIS), cyclic voltammetry (CV), attenuated total re�ectance Fourier-transform infrared
spectroscopy (ATR-FTIR), Raman spectroscopy, and atomic force microscopy (AFM) throughout the
biopseudocapacitor assembly.

3. Results and discussion

3.1. Spectroscopic and surface analyses
The bare ITO surface becomes rougher as the surface is consecutively modi�ed with various chemicals
including HMTO molecules on the surface. According to AFM data, as shown in Fig. 2, the root-mean-
square roughness of the bare ITO surface, which is approximately 4.03 nm, increases to 7.56 nm after the
HMTO is immobilized. The corresponding ATR-FTIR spectra con�rm that the ITO substrate is correctly
modi�ed. Hydroxyl groups on the HO-ITO electrode, which are available for hydrogen bonding between
adjacent hydroxyl groups, show a broad peak at approximately 3428 cm-1 [23, 24]. A broad stretching
vibration peak of the primary amine group of APTES-ITO is observed at 3440 cm-1 [16, 25–27]. An imine
vibration band ν(C = N) owing to cross-linked amino-GA and GA-HMTO junctions shows a sharp peak at
1639 cm-1 via ATR-FTIR, which is also observed at 1610 cm-1 in the Raman spectra with a more enhanced
Raman intensity in the case of HMTO-ITO, as shown in Fig. S2 (Supporting Information) [28]. Stretching
vibration peaks related to the amide bonds within the immobilized HMTO molecules are shown at 1540
(N-H bending, overlapped), 1650 (C = O stretching, overlapped), and 3300 cm-1 (N-H stretching) [29–31].
Si-O stretching and O-Si-O asymmetric stretching vibrations of siloxane bonds are observed at 1046 and
1109 cm-1, respectively. The two peaks shown at 2852 and 2927 cm-1 are assigned to the C-H stretching
vibrations of the alkyl and alkoxy hydrocarbons [32]. Note that the ν(C = N) bands shown in both the ATR-
FTIR and the Raman spectra of GA-ITO are enhanced after HMTO immobilization. This indicates that a
primary amine group on the HMTO molecule has formed an imine linkage with the immobilized amino-
glutaraldehyde group.

3.2. Electrochemical impedance spectroscopic
characterization
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Figure 3 shows the EIS spectra of bare ITO, HO-ITO, APTES-ITO, GA-ITO, and HMTO-ITO substrates in the
presence of the redox couple. The �rst three electrodes show traditional Randles behavior [33], i.e., a
solution resistance (Rs) in series with a parallel circuit of double-layer capacitor (Cd) and a charge-transfer
resistance (Rct) in series with Warburg impedance (W). While Rs varies randomly with the resistance of

the electrolyte, the contact resistances of the Te�on® cell, and the intrinsic resistance of the modi�ed ITO
�lm [34], Rct decreases from 579 Ω for bare ITO to 33 Ω for APTES-ITO with the progress in the
modi�cation procedure. This indicates that the charge transfer reaction of the redox couple on the
APTES-ITO surface is kinetically more facile than that on the bare ITO surface. More interestingly, the EIS
spectra of GA-ITO and HMTO-ITO have a linear region of Z′′ as a function of Z′ in the high-frequency
regime, possibly owing to their polymer-like surface structure expressed by the Warburg impedance in the
polymer network [35–37]. Notably, the HMTO puri�cation tag, which contains six histidine residues on the
terminal end of HMTO, can form multiple coordination bonds with ferricyanides [38, 39].

The same Rs of various electrodes was observed in the EIS spectra obtained in the absence of the redox
couple (VDC = -0.6 V vs. Ag/AgCl) as shown in Fig. 4. The equivalent circuit for the EIS spectra is
composed of three elements: Rs, Cd, and an inductance (L) [34]. Note that the Warburg impedance is not
shown in Fig. 4 because the electrolyte solution does not contain any electrochemical active species. The
observation of inductive elements in the EIS spectra—as attributed to the relaxation process of the
surface adsorbates depending on the applied bias, assuming that the adsorbates follow the Langmuir
adsorption isotherm—has been proven previously through experiments and computer simulations [40–
42]. The corresponding phase diagrams shown in Fig. S3 (Supporting Information) present the capacitive
behavior of bare ITO, which is con�rmed by the phase angle of 82° observed in the low-frequency region.
Both hydroxylation and silanization of ITO resulted in a peak of phase angle at approximately 10 Hz, and
the peak frequency was downshifted by modi�cation processes such as amino-aldehyde cross-linking
and HMTO immobilization; however, the phase shift was strongly dependent on the applied bias [43]. All
the electrodes acted as capacitors when VDC was 0 V, and no peak frequency was observed (Fig. S4,
Supporting Information).

3.3. Voltammetric characterization
Figure 5 presents the CV diagrams of various electrode substrates in the presence of the redox couple.
The anodic faradaic peak (ia) and cathodic peak (ic) currents of the bare ITO increased signi�cantly after
the electrode surface was hydroxylated and subsequently silanized with APTES, thereby indicating that
the hydrophilic HO-ITO and APTES-ITO surfaces were electrochemically more favorable for the redox
reaction of electroactive species. In contrast, the GA-ITO surface was more e�ciently passivated and
shows that the faradaic reaction was suppressed and the corresponding current �ow considerably
decreased simultaneously. According to the semi-empirical Randles–Sevcik equation, ip =

(2.69×105)n3/2·A·D1/2·C*·v1/2 (where ip, n, A, D, C*, and v represent the peak current, number of electrons

involved in the reaction, active area of the electrode, diffusion coe�cient (assumed as 7.6×10-6 cm2 s-1
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for both ferricyanide and ferrocyanide ions) [44], bulk concentration of the electroactive species, and
potential scan rate, respectively), the calculated electrochemical active areas of each electrode based on
the anodic Randles’ plots were 0.36 cm2 for bare ITO, 0.65 cm2 for HO-ITO, 0.90 cm2 for APTES-ITO, and
0.05 cm2 for GA-ITO. This indicates that only 4.3% of the area of the GA-ITO electrode is electrochemically
active as compared with the geometric area of the bare ITO electrode, which suggests that the ITO
surface is su�ciently covered with GA.

Figure 6a displays the CV diagrams for various electrode substrates, including that of the HMTO-ITO
electrode in the PBS solution excluding the redox couple. We observe that each of the electrodes exhibits
predominantly capacitive current �ows with negligible amounts of faradaic current as in an ideal EDLC
capacitor. The active site of HMTO does contain an electrochemically active prosthetic group, namely
�avin adenine dinucleotide (FAD), which serves as a cofactor in the enzymatic two-electron redox
reactions. Nonetheless, prosthetic groups of such enzymes are, in general, electrically well-shielded, and
offer no appreciable redox response. We observe that this is also true for the FAD of the immobilized
HMTO-ITO electrode, as FAD is electrochemically invisible. The ferricyanide label can be used to quantify
the amount of immobilized HMTO on the ITO surface. The formation of coordination bonds between
HMTO and ferricyanide was con�rmed by comparing the CV diagram of HMTO-ITO with those of other
histidine tag-containing proteins. A cell surface receptor (HER2) and formylglycine-generating enzyme
(FGE) were employed for the comparison study, as each of these proteins contains a six-histidine tag. As
shown in Fig. S5 (Supporting Information), the CV diagrams of HMTO-ITO, HER2-ITO, and FGE-ITO
showed only capacitive current �ows for the as-prepared electrodes in 0.15 M PBS. After these three
electrodes were labeled with ferricyanide, a mixed faradaic current may �ow owing to the redox reaction
of the adsorbed ferricyanide and also owing to the diffusion of the electroactive ferricyanide in the 0.15
M PBS solution containing 1 mM Fe(CN)6

4-/Fe(CN) 63-. All the ferricyanide-labeled electrodes showed
typical redox peaks of the adsorbed electroactive species in 0.15 M PBS. Consequently, the redox peaks
shown for HMTO-ITO can be attributed to the adsorption of ferricyanide in the surface of HMTO-ITO. For
the ferricyanide-labeled HMTO-ITO in PBS solution, Fig. 6b presents the typical CV diagrams of an
electroactive-species-adsorbed electrode that features practically zero peak-potential separation and
scan-rate-independent characteristics of the peak potentials. In general, the redox peaks caused by
adsorbed electroactive species are linearly proportional to the scan rate. The amount of adsorbed HMTO
—calculated through the integration of the cathodic peak of the CV diagram, whose electric charge
corresponds to 3.3 ± 0.46 µC—was equivalent to 11.4 pmole of HMTO according to Faraday’s law,
assuming that one ferricyanide may form coordination bonds with two histidine residues of the HMTO
histidine tag. As the molecular weight of HMTO is 42 kDa [45], and the Stokes’ radius of BSA (66.5 kDa)
is known to be 3.48 nm [46], it is estimated that each ferricyanide-labeled HMTO-ITO electrode contains
0.49 µg of electroactive species, and that each HMTO molecule occupies a projected area of
approximately 1.52 × 10–13 cm2. Geometrically, this would indicate that 12.4 pmole of HMTO molecules
may be immobilized on an ITO electrode surface having an area of 1.13 cm2. This result is consistent
with our CV measurement of the amount of immobilized HMTO on the ITO electrode.
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3.4. Cyclovoltammetric charging/discharging
characteristics of biopseudocapacitors
The speci�c capacity (C g-1) can be calculated using Eq. (1) based on the CV diagram.

1

where Q (A s) is half the area of the closed cyclovoltammetric curve. ΔV (V) is the applied potential
window. v (V s-1) is the scan rate and m (g) is the amount of immobilized enzyme. The ferricyanide-
labeled HMTO biopseudocapacitor stores electrical energy mostly in the form of pseudocapacity as
shown in Fig. 7a. EDLC only contributes 21.7% of the total capacity of the biopseudocapacitor, as veri�ed
by comparing the CV diagram of the nonlabeled HMTO-ITO with that of the ferricyanide-labeled HMTO-
ITO. The speci�c capacity of nonlabeled and labeled HMTO-ITO is measured to be 1.31 C g-1 and 6.06 C
g-1 (or 1.68 mAh g-1), respectively.

The energy and power densities are calculated using Eqs. (2) and (3), respectively [7, 47].

2

3

where Δt (s) is the discharging time. In general, the speci�c capacity depends on the potential scan rate,
particularly for many metal-oxide-based EDLC electrodes [47]. However, the speci�c capacity and speci�c
energy of the biopseudocapacitor presented in this work are almost independent of the scan rate (Fig. 7b,
see Table S1 for more information about the calculations performed), and the speci�c power is linearly
proportional to the scan rate.

4. Conclusion
An enzyme, a versatile biocatalyst commonly composed of a combination of 20 main amino acids, can
be activated with an electrochemical active species to form an activated biomacromolecule and can be
used as an electroactive additive providing pseudocapacity in a supercapacitor. In this study, HMTO, an
electrically shielded �avoenzyme, is cyclovoltammetrically labeled with ferricyanide and further employed
as an electroactive component for a supercapacitor electrode. Strong covalent immobilization of the

C =
Q

ΔV ∙ v ∙ m

E =
C ∙ ΔV 2

2

P =
E

Δt
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enzyme on a transparent electrode via silanization and subsequent amino-glutaraldehyde cross-linking
chemistry allows stable and reliable energy storage characteristics of the biopseudocapacitor with
minimized in�uence of the charging/discharging rate on the speci�c parameters except the speci�c
power. The charge storage capacity of the biopseudocapacitor is currently incomparable to those of
conventional EDLC supercapacitors. Nevertheless, we believe that biopseudocapacitors would be
potentially available as subsidiary energy storage devices in the near future for various research and
industry �elds including environment science, human healthcare, and military applications because
unique amino acid sequences arti�cially designed with protein technology could provide various
functionalized proteins having properties such as heat or chemical resistivity, light resistivity, substrate
selectivity, and mechanical strength in addition to enhanced pseudocapacity. This indicates that
electroactive or functionalized proteins immobilized on electrodes can be used in not only traditional
biosensor applications but also energy storage devices operated under harsh conditions.

4. Experimental section

2.1. Reagents
HMTO obtained from Hanyang University was stored in a freezer before use (Detailed information about
the biosynthesis and puri�cation of HMTO is available elsewhere [48]). ITO electrodes (sheet resistance = 
15 Ω sq-1; obtained from Wooyang GMS, Korea) were cut to the dimensions of 20 mm × 17 mm, and
initially cleaned with acetone (> 99% obtained from Daejung Chemicals & Metals Co., Ltd.), boiled in
ethanol (> 99% obtained from Daejung Chemicals & Metals Co., Ltd.) at 120°C, and washed with distilled
water (18.2 MΩ·cm, Direct-Q ultrapure water system, EMD Millipore Corp.). Phosphate-buffered saline
(PBS) solution (0.15 M, pH 7), K3Fe(CN)6, K4Fe(CN)6, Tris-HCl, and NaCl were purchased from Sigma-
Aldrich Co. (St. Louis, MO). 10× Tris-buffered saline was prepared as 50 mM Tris and 15 mM NaCl at pH
6. All the electrochemical reagents were used without further puri�cation.

2.2. Preparation of ferricyanide-labeled HMTO-mediated
biopseudocapacitors
Hydrophobic ITO requires multiple pretreatment steps in order to modify the surface for the
immobilization of intrinsically hydrophilic enzyme molecules as described in Fig. 1a. We have
implemented a common approach to hydroxylate the ITO surface by dipping the substrate in a solution
composed of hydrogen peroxide (34.5%, Samchun Pure Chemicals Co., Ltd.), ammonium hydroxide (28–
30%, Sigma-Aldrich Co.), and distilled water (volume ratio = 1:1:5) for 30 min at 60°C [49, 50]. The
hydroxylated ITO (HO-ITO) surface provides a better environment for the following silanization process,
which is accomplished by immersing the HO-ITO in a 2.0% solution of APTES (≥ 98%, Sigma-Aldrich Co.)
in anhydrous toluene (99.8%, Sigma-Aldrich Co.) for 48 h at 70°C. After thorough rinsing with anhydrous
toluene, the silanized ITO (APTES-ITO) is fully dried using N2 gas blowing. Glutaraldehyde (GA) (70% in
H2O, Sigma-Aldrich Co.) reacts directly with the primary amine end of APTES to form an imine compound.
This is performed simply by immersing the APTES-ITO into a 2.5% GA solution in 0.1 M PBS (pH 7.0) for
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2 h at room temperature. Finally, 100 µL of N-methyl tryptophan oxidase solution (10 µL enzyme solution 
+ 90 µL 1× Tris-buffered saline solution (pH 6)) is carefully pipetted onto the GA-ITO surface and stored
overnight at 4°C. Unspeci�ed aldehyde ends are blocked with a 0.15 M PBS solution (pH 7) containing 1
mg mL-1 bovine serum albumin (BSA) (≥ 98%, Sigma-Aldrich Co.) for 1 h at room temperature. Note that
the actual size of HMTO (42 kDa) is smaller than that of BSA (66.5 kDa) considering that the Stokes’
radius of BSA is 3.48 nm [46]. Finally, the immobilized HMTO is electrochemically activated via CV in a
0.15 M PBS (pH 7) solution containing 1 mM Fe(CN)6

4-/Fe(CN)6
3- at a scan rate of 10 mV s-1 and

thoroughly rinsed with distilled water. The working mechanism of the ferricyanide-labeled HMTO-
mediated biopseudocapacitor is shown in Fig. 1b. The nonfaradaic EDLC portion caused by the aligned
charge accumulation and the faradaic pseudocapacity portion caused by the redox reaction of the
ferricyanide-labeled HMTO collectively contribute to the total capacity of the biopseudocapacitor.
Electrons exchanged in the redox reaction of ferricyanide/ferrocyanide redox couple can move from (in
an electroreduction) or to (in an electrooxidation) the electrode substrate through the thin APTES-GA layer
via tunneling.

2.3. Equipment and electrochemical measurements
CV and EIS measurements were obtained in a three-electrode aqueous system using a
potentiostat/galvanostat (Reference 600™, Gamry Instruments) and a laboratory-made Te�on®

electrochemical cell (Fig. S1, Supporting Information). A Pt wire (99.95%) and sodium-chloride-saturated
Ag/AgCl electrode were used as the counter and reference electrodes, respectively. A 0.15 M PBS solution
(pH 7) was used as a supporting electrolyte with or without 1 mM Fe(CN)6

3-/Fe(CN)6
4- in total

electroactive species. The CV diagrams were obtained at the scan rates of 10, 20, 50, 80, 100, 150, and
250 mV s-1. The frequency range and amplitude of the EIS spectra were 100 mHz–100 kHz and 5 mV,
respectively. The bias potential (VDC) of EIS in the presence of Fe(CN)6

3-/Fe(CN) 64- for bare ITO, HO-ITO,
and APTES-ITO was 0.22 V vs. Ag/AgCl, whereas the corresponding values for GA-ITO and HMTO-ITO
were 0.29 V vs. Ag/AgCl and 0.275 V vs. Ag/AgCl, respectively. VDC in the absence of Fe(CN)6

3-/Fe(CN)6
4-

was the open-circuit potential, i.e., -0.6 V vs. Ag/AgCl. Furthermore, surface analyses data were obtained
from AFM (NTEGRA Prima TS-150, NT-MDT), ATR-FTIR (Nicolet 6700, Thermo Scienti�c, Ge window), and
Raman spectroscopy (LabRam Aramis IR2, Horiba).
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Figures

Figure 1

Schematic drawing of (a) the step-by-step preparation of the FC (ferricyanide)-labeled
biopseudocapacitor including the cleaning of the ITO surface, hydroxylation, silanization, amino-
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glutaraldehyde cross-linking, HMTO immobilization, blocking excess glutaraldehyde with BSA, and
�xation of FC redox species, and (b) illustrative cross-section of the biopseudocapacitor when a cathodic
potential is applied. Note that both the EDLC capacity (between the electrode and electrolyte) and
pseudocapacity (between the electrode and the FC-labelled HMTO) occur simultaneously.

Figure 2

AFM images of bare ITO, APTES-ITO, and HMTO-ITO with spectrum-density-based total root-mean-square
roughness of 7.469, 6.774, and 8.295 nm, respectively. The corresponding ATR-FTIR spectra (re�ection
mode) are presented: black, blue, red, purple, and green lines represent bare ITO as background, HO-ITO,
APTES-ITO, GA-ITO, and HMTO-ITO, respectively. Note that the peak shown at 1639 cm-1 assigned to an
imine vibration was more enhanced for the GA-ITO and HMTO-ITO electrodes compared with the others.
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Figure 3

EIS spectra of bare ITO, HO-ITO, APTES-ITO, GA-ITO, and HMTO-ITO substrates in a 0.15 M PBS solution
(pH 7) containing a 1 mM Fe(CN)6

3-/Fe(CN) 6
4- redox couple: frequency range = 100 mHz–100 kHz;

amplitude = 5 mV; VDC for bare ITO, HO-ITO, and APTES-ITO = 0.22 V vs. Ag/AgCl; VDC for GA-ITO = 0.29 V
vs. Ag/AgCl; VDC for HMTO-ITO = 0.275 V vs. Ag/AgCl. Note that the Rs of each substrate varies with the
electrochemical cell-to-cell variations. Furthermore, the semicircle diameter in the high-frequency region
decreases from 579 W for bare ITO to 33 W for APTES-ITO.
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Figure 4

EIS spectra of bare ITO, HO-ITO, APTES-ITO, GA-ITO, and HMTO-ITO substrates in a 0.15 M PBS solution
(pH 7): frequency range = 100 mHz–100 kHz; amplitude = 5 mV; VDC = -0.6 V vs. Ag/AgCl. Note that the
Rs of each substrate varies with the electrochemical cell-to-cell variations.
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Figure 5

CV diagrams of bare ITO, HO-ITO, APTES-ITO, and GA-ITO substrates in a 0.15 M PBS (pH 7) solution
containing 1 mM Fe(CN)6

4-/Fe(CN) 6
3- at the scan rates of 10, 20, 50, 80, 100, 150, and 250 mV s-1. The

plot of the peak current as a function of the square root of the scan rate is a straight line directly related
to the electrochemical active area of the electrode.
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Figure 6

(a) CV diagrams of bare ITO, HO-ITO, APTES-ITO, GA-ITO, and HMTO-ITO substrates in a 0.15 M PBS (pH
7) solution at a scan rate of 50 mV s-1. (b) CV diagrams of the ferricyanide-labeled HMTO-ITO substrate
in a 0.15 M PBS (pH 7) solution at the scan rates of 10, 20, 50, 80, 100, 150, and 250 mV s-1. The plot of
the peak current as a function of the scan rate is a straight line, indicating that the redox peaks are
caused by the adsorbed electroactive species. Note that the abscissa can be converted into a time axis by
dividing it by the applied scan rate, and the amount of adsorbate on the ITO substrate can be calculated
from the peak area of each voltammogram, which was 3.3 ± 0.46 mC.

Figure 7

CV diagrams of nonlabeled (shaded) and ferricyanide-labeled (solid line) HMTO-ITO electrodes in a 0.15
M PBS (pH 7) solution at a scan rate of 50 mV s-1 (a) and variations of the speci�c capacity, energy, and
power densities as the scan rate increases from 10 to 250 mV s-1 (b). Note that the speci�c parameters at
each scan rate are determined from the CV diagrams shown in Fig. 6b.
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