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We present the development of boron-doped 
diamond film microelectrodes for electrochemical 
detection of catecholamine neurotransmitters.  Carbon 
fiber based microelectrodes have predominantly been 
used to monitor dynamics of neurochemical events in the 
extracellular space within the brain, e.g., refs.1,2.  These 
electrodes have made great advances possible: low 
detection limits and an improved level of understanding 
of biological and pharmacological processes in healthy 
and dysfunctional systems.  Yet, these electrodes are 
plagued by long term stability problems, due to surface 
passivation by oxidation.  Fast voltammetric scanning 
rates (100-1000 V/s) are necessary for dynamic 
measurements, and a correspondingly high baseline 
current exists, making detection of basal neurotransmitter 
levels difficult; stimulation of neurotransmitter release 
from neuron synapses is required. 

Conductive diamond is a chemically and 
mechanically robust electrode that enables new 
chemistries and lower analyte concentrations to be 
investigated because of its low baseline current and wide 
potential water window of water stability.3-6  Diamond 
electrodes demonstrate, by far, the most stable response of 
any carbon-based electrode, also without requiring 
extensive pretreatment to regenerate the electroactive 
surface.5,7  Preliminary testing of diamond electrodes as 
detectors of various bioanalytes, e.g., dopamine,7,8 
serotonin,9 and sulfa drugs,10 have shown the potential of 
diamond biosensors.  Diamond surfaces are not 
completely inert; their surface termination4,8,11 influences 
the electrochemical properties.  Yet, diamond’s surface 
chemistry is simpler than present electrodes, and thus, 
provides a versatile, yet more predictable electrode 
surface to engineer. 

Highly conductive, boron doped diamond was 
deposited onto tungsten substrates by hot-filament 
assisted chemical vapor deposition.  Two types of 
fabrication strategies were successfully used: (1) 
depositing the diamond film on the tungsten substrate, 
and then selectively insulating it to achieve the 
appropriate electrode area, and (2) selectively depositing 
diamond onto a pre-constructed tungsten microelectrode.  
For fabrication via the first method, etched tungsten wires 
were coated with polycrystalline diamond, insulated with 
amorphous Teflon and then the desired electrode area re-
exposed.  Low (Fig. 1a, 150x) and high (Fig. 1b, 5kx) 
magnification images of a diamond-coated tungsten wire 
are pictured; the geometric diameter of the tip, prior to 
insulating it, was <10 microns.  The surface chemistry of 
the diamond film was controlled to promote Teflon 
adhesion.  Hydrogen termination of the diamond surface 
promoted adhesion of Teflon, whereas oxygen 
termination did not.  Electrochemical deposition of 
trifluoromethylphenyl groups via a diazonium precursor 
promoted Teflon adhesion further.  The Teflon was 
removed from the desired electrode area with an electron 
beam. 

 For fabrication via the second method, diamond 
was selectively deposited onto tungsten microelectrodes, 
consisting of an etched tungsten wire within a quartz 
capillary. 

The diamond microelectrode response to 
dopamine and other catecholamine neurotransmitters 
were characterized using flow injection analysis and these 
characteristics compared with those of surface-modified 
carbon fiber electrodes.  Initial tissue measurements to 
monitor dopamine concentrations in an anaesthisized rat 
and brain slices were conducted. 
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Fig. 1:  Low (a, 150x) and high (b, 5kx) magnification 
scanning electron images of a diamond-coated tungsten 
wire; these tips were insulated to create diamond 
microelectrodes.  The geometric diameter of the tip, prior 
to insulating it, was < 10 microns. 


