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NanoGPro™ Electrode
The New CNT Electrodéom SCNTE, Ltd.
The ONLYMetal Free and Robust CNT Electrode

This novel electrode consists of entangled bundles of
extremely pure(no metal catalysts!) and highly kinked
Solid Carbon Nanorods (SCNRs) that are covalently
attached to an electrochemically inert Carbide
substrate. SCNRs are a sublass of Singlewalled
Carbon Nanotubes (CNTSs) that have a solid core and a
diameter at the theoretical minimum of about 0.5 to

0.7 nanometers. The entangled and highly kinked CNT
structure results in physical/chemical properties and
reactivity comparable to those of edgplane highly
ordered pyrolytic graphite (HOPG).

These characteristics result in a CNElectrode
structure with both unique and useful properties:

1 Extremely stable and robust

1 Electrochemical surface area in great
excess over geometric area

T Very low and stable background currents
and an extended potential window
compared to CNTSs that contain metal

catalysts

1 Fast electron transfer rates similar to
edgeplane HOPG

1 Readily modified / functionalized using .
virtually any protocols previously described
or developed for CNTs

T Potential applications include use as
electrodes in sensoars, biosensors,
batteries, biobatteries, fuel cells, bicgfuel
cells and electrochemical and bio
electrochemical reactors.

PHYSICAL DESCRIPTION

The Nano@Pro™ electrode is available in two

physical versions: a Disk and a micrelectrode.

The disk electrode is 1/8 inch diameter and

mounted in a cylindrical CTFE housing. The solvent
compatibility of CTFE is equivalent to that of TEFLON.
Overall dimensions are 1/4 inch by 2.5 inches.
Resistance from the electrical contact to the SCNR
modified surface is approximately 5 ohms. The
Micro-electrode version is available by special order
on request.
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List Price

Model 1ADisk eiectrode $1200.00 each
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Model 2AMicro electrode $1500.00 each
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Physical Characterization

The purity of the SCNRs present on the Nan&@o™
electrode was assessed usingnductively Coupled
Plasma-Mass Spectrometry and Energy Dispersive X
Ray Analysis. These Analyses indicate that the SCNRs
are more than 99.9% Carbon with no electrochemi-
cally active metal impurities.

FIGURE 1A HRTEM of the SCNR structures
present on the surface of the Nano®ro™ Electrode
(US=ultrasmall).
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Figure 2. is a TGAof the Nanocrystaline Carbon
material (SCNRs) present on the surface of the
NanoGpro™electrode indicting that there is essentially
no amophous carbon content.
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Figure 3. is aRaman Spectraof the SCNR entangled array
present on the surface of the Nano®ro™ Electrode using

a 785nm laser. The narrow emission bands, G band
splitting and resolvable RBM bands are all indicative of
very small and consistent CNT diameters. The relatively
low D:G intensity is consistent with the very low amorphous
carbon content and the relatively high G* intensity is
consistent with high edge plane character.

Electrochemical Characterization

Performance Vs. Other Electrodes

Table 1 Cyclic Voltamogramswere performed on the
various electrodes listed in the table below using
equimolar concentrations (2mM) of Ferrand Ferrocya-
nide in a 0.5 M KCI supporting electrolyte at 5 mV / sec.
Peak Currents are normalized to the same electrode
area. Voltages are relative to a Ag/AgCI dbl. junct.
reference electrode.

Ipa Ipc Delta E E midpoint
Table 1.
(uAs) (uAs) (mVolts) mVolts)
NanoGPro™ 7.86 7.91 104 190.5
EPHOPG 0.96 0.96 100 206
Glassy 1.10  1.11 448 205
Carbon
Platinum 1.19 1.29 129 199.5
Gold 4.39 4.42 104 197

Cyclic Voltyametry

Figure 4. is a Cylcic Voltamogram of 4mM Ferricyanide
(0.5M KNQ) performed on the Carbide Substrate (Red)
and the NanoGPro™ Electrode (SCNR coated Carbide)
(Blue). Scan rate was 10 mV/sec. The horizontal axis is
Volts vs. Ag/AgCI and the vertical Current (Amps).This
cyclic demonstrates that the uncoated Carbide substrate
is essentially unreactive electrochemically and that the
SCNR coating displays quaséversible behavior under
these conditions.
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Robustness / Durability

A NanoGPro™electrode was subjected to various
challenging treatments including ultrasonication

(24 hours at 50 Watts50% duty cycle) and exposure to
extreme temperatures (24 hours at 80 Degrees C in
water) and potentials (18 hours at +1.5 Volts vs.
Ag/AgCl in buffered water). The Performance of the
electrode was unchanged after these treatments
compared to the performance before treatmenCyclic
voltamograms using equimolar (2mM) concentrations
of Ferrd and Ferrocyanide ina 0.5 M KCL supporting
electrolyte at 100 mV sec. were performed before and
after the treatment. Anodic and cathodic peak currents
as well as peak separations and midpoint potentials
were unchanged after treatment.



