DOI: 10.1002/elan.201500442

A Comparison of Explicitly-Terminated Diamond
Electrodes Decorated with Gold Nanoparticles
Johanna Svanberg-Larsson,[a] Geoffrey W. Nelson,*[a, b] Simon Escobar Steinvall,[b] Bey F. Leo,[b, c]
Emily Brooke,[b] David J. Payne,[b] and John S. Foord*[a]

Abstract: This work compares electrodeposited and dropcast (DC) AuNPs on oxygen and hydrogen terminated
boron-doped diamond (BDDO and BDDH). The samples
were characterized using a range of electrochemical and
physical surface methods and investigated as mercury
sensors. Overall, AuNPs deposited by either method were
found to be more electrochemically active on BDDH

than BDDO, although more DC-AuNPs were adsorbed
onto BDDO than BDDH. The mercury sensing experiments, carried out using square-wave anodic stripping voltammetry (SWASV) showed that lower Hg concentrations were detected with AuNPs/BDDH than AuNPs/
BDDO regardless of deposition method, thus demonstrating a benefit of using BDDH for electroanalysis.
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1 Introduction
Interest in boron-doped diamonds (BDD) as working
electrodes in electrochemical applications is growing due
to their wide potential window, low background current
and chemical stability [1–5]. Moreover, while most
carbon-based electrodes (e.g. glassy carbon, carbon pulp
etc.) tend to only be oxygen terminated, BDDs can be
given a stable hydrogen termination [1,6] that alters the
electronic properties and makes the surface hydrophobic
[4, 7–10]. While others have reported on the use of both
oxygen and hydrogen-terminated BDD (BDDO and
BDDH), there is little work in the literature that compares the two explicitly. One work compares the effects
of BDD termination by subjecting platinum nanoparticles
(NP) decorated BDD to oxygen and hydrogen plasmas to
achieve oxygenated or hydrogenated ensembles [11].
Shpilevaya et al. also studied the effects of BDD termination on the behavior of nickel NPs [12], particularly in
their function as glucose sensors. Since hydrogen termination is known to significantly increase conductivity in
non-doped diamond, studying the surface termination of
BDDs effects on electrochemical performance was one
of the main objectives of this work. Regardless of the termination type, the conductivity of BDD is not uniform
[13].
Since Haruta discovered the catalytic properties of
noble-metal NPs in 1987 [14], AuNPs have been used in
a wide range of applications including air-freshening [15],
biomedical applications [16–20] and heavy metal and
arsine sensing [21–26]. It is well established that the behavior of NPs depend heavily on their morphology, size
and distribution-traits that are all influenced by the NP
deposition method [16–27]. However, few studies monitor
and directly compare the effects of electroless and electrodeposition methods. Therefore this work used two distinct deposition methods: drop-casting (DC) of colloidal
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AuNPs, which yields AuNPs of uniform size and morphology, and cyclic voltammetrical (CV) deposition from an
acidic AuCl4- solution, which tends to deposit the AuNPs
at the substrates electroactive sites, but does not guarantee their uniformity of size or distribution.
Using these two methods, AuNPs were deposited on
both O and H terminated BDD. The decorated electrodes
were characterized physically by XPS and microscopy,
then characterized electrochemically by CV in dilute
aqua regia and by lead underpotential deposition
(PbUPD). The AuNPs physical stability was determined
by a simple sonication experiment. Finally, the decorated
electrodes were tested as Hg2 + sensors to demonstrate
and compare their potential use in electroanalysis.

2 Experimental
BDDs ([B] > 1020 cm3) were purchased from Element Six
Co. All experiments were performed with unpolished,
polycrystalline BDDs, except for the AFM which were
taken on smooth, polished BDDs. The 50 nm diameter
colloidal AuNPs were purchased from BBI (Cardiff, UK)
and used without further purification, 70% HNO3 and
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37% HCl from Fisher Scientific, and all other chemicals
from Sigma-Aldrich. Millipore water with a resistivity of
18.2 Wcm was used throughout. Deaeration was done by
bubbling N2 through the solutions for 20 minutes.

2.1 BDD Cleaning and Termination
All BDDs were cleaned prior to use and between each
experiment. Cleaning was done by submersion in roomtemperature aqua regia (3 : 1 v/v of 37% HCl and 70%
HNO3) overnight followed by sonication in water and
twenty CV scans in 0.1 M HNO3. When necessary, the
electrodes were also polished in 0.1 and 0.05 mm alumina
(Buehler) slurries followed by sonication in water and
a 1 : 1 acetone water solution to remove the alumina.
Oxygen termination was achieved by refluxing the electrodes in 70% HNO3 for 4 hours, while H termination
was accomplished by subjection to H-plasma for 45 min
at 600 oC, 1.5 kW power and a pressure of 45 Torr.

2.4 PbUPD
PbUPD was performed with a 1 mM Pb(NO3)2 in 0.1 M
NaOH solution using the method reported by Wain [30].
In short, the entire Pb region was first inspected by one
CV scan between  0.7 and 0.7 V starting at  0.2 V.
Next, the PbUPD region ( 0.7 to 0.4 V) was scanned
five times starting at  0.2 V. After the experiment,
a single CV scan from  0.2 to  0.7 V in 0.1 M NaOH
was performed to ensure that all Pb had been removed
from the surface. A scan rate of 0.05 Vs1 was used for all
scans.
2.5 Stability
The stability of the AuNPs was tested by ultrasonicating
the ensembles in water for 0, 2, 5 and 10 min and then
subjecting them to ten CV scans in dilute aqua regia at
0.1 Vs1 from 0.7 to 1.4 V.
2.6 Hg2 + Sensing

2.2 AuNP Deposition
DC deposition was done by pipetting 50 mL of a 50 nm
AuNP colloidal solution prepared by a 1 : 2 dilution with
water onto the electrode, as described by Bonanni et al.
[28] CV deposition was done with a single CV scan in
a deaerated solution of 1 mM HAuCl4 · 3H2O in dilute
aqua regia (0.1 M HCl and 0.3 M HNO3) at a scan rate of
0.1 Vs1 between 0.7 and  0.1 V, as described by Holt et
al. [29]. As shown in Fig. 1, the H termination is maintained despite the deposition being performed in an oxidizing solution. AuNP/BDD samples were also prepared
using a non-solution based method by sputtering AuNPs
onto BDD electrodes by magnetron sputtering using
a UHV, inert gas modified sputtering device (NanoSys
500 unit, Mantis Deposition Ltd, UK).

2.3 XPS, AFM and SEM
XPS was performed with a VG Escalab II spectrometer
using Al Ka radiation (1486.6 eV) and a hemispherical
analyzer for detection of electrons, which measured the
binding energy from 0 to 1200 eV. Peaks were calibrated
against diamond C 1 s at 285.0 eV. Peak fitting was done
using XPSPEAK 4.1. The scanning probe microscopy
equipment from Digital Instruments, a Nanoscope IIIa
controller and silicon nitride probes with an aluminum
back-coating for extra reflectivity from Nascatec were
used for tapping mode AFM of the DC-AuNPs. The CVAuNPs were imaged with SEM using an Auriga
FEGSEM (Carl Zeiss) operated at a 5 kV accelerating
voltage in the secondary electron (SE) mode. The samples were held in a SEM aluminum stub by adhesives.
Prior to the SEM analysis, a thin carbon coating was sputtered on the surface of the samples to make them more
conductive.
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Square wave anodic stripping voltammetry (SWASV) optimized from the linear sweep parameters reported by
Barrosse-Antle et al. [31] was used for Hg2 + sensing. A
60 s pre-treatment step at 0.35 V was used to pre-deposit
Hg0 onto the electrode surface, after which a SWASV
scan from 0.35 to 1.1 V was done with a potential step of
0.005 V, an amplitude of 0.01 V and a 10 Hz frequency in
Hg(NO3)2 in 0.1 M HNO3. The limit of detection was determined by halving the concentration of the Hg(NO3)2
step-wise until no peaks were observed. A 1 mM solution
was used as stock.

3 Results and Discussion
3.1 XPS and Microscopy
XPS was used to determine the amount of Au on each
electrode relative to the C 1s signal for each deposition
method and electrode termination; representative spectra
are shown in Fig. 1A-B. Fig. 1C shows a reference spectrum of sputtered AuNPs (S-AuNPs) on BDDO that was
taken to compare results obtained from the CV and DC
deposition methods with those obtained from a simple
vacuum deposition technique. The insets show the Au 4f
peaks fitted with a single peak for each spin state. The
ratio of Au to C on a given electrode was obtained by
normalizing the area of the Au 4f7/2 peak with its atomic
sensitivity factor and then dividing by the normalized
area of the C 1s peak. The results for the CV and DCAuNPs are shown in Table 1.
As shown in Table 1, the Au 4f7/2 to C 1s ratio is approximately the same for CV-AuNPs and DC-AuNPs on
BDDO. Despite CV-AuNP deposition being carried out
under the same conditions on the BDDO and BDDH
electrodes, there is approximately three and a half times
more surface Au on the latter than the former; this is
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Fig. 1. XPS of A) CV-AuNPs and B) DC-AuNPs on BDDH (red) and BDDO (black) and C) sputtered AuNPs (S-AuNPs) 6  1 nm
on BDDO. Binding energies have been calibrated against C 1s at 285 eV.

Table 1. XPS results for each of the four decorated electrodes.
Electrode

Binding energy/eV
Au 4f7/2[a] Au 4f5/2

CV-AuNPs/BDDH
CV-AuNPs/BDDO
DC-AuNPs/BDDH
DC-AuNPs/BDDO
S-AuNPs/BDDO

85.5
84.8
85.3
85.1
85.1

(1.5)
(0.8)
(1.3)
(1.1)
(1.1)

89.1 (1.4)
88.5 (0.8)
89.0 (1.3)
88.8 (1.1)
88.8 (1.1)

Au 4f7/2 to C 1s ratio
0.011
0.003
0.0005
0.0045
n/a

[a] The numbers in parenthesis are shifts in the peak position
compared to the expected location of 84.0 eV for Au4f7/2 and
87.7 eV for Au4f5/2.

likely to arise from the difference in electronic properties
induced by hydrogenation of the electrode given that
rapid CV deposition occurs only at electroactive sites.
Conversely, the DC-AuNPs show the opposite trend;
there is almost ten times more Au present on BDDO
than BDDH. Since DC deposition was done in an aqueous solution, the difference in the amount of Au between
the two samples could be an effect of the hydrophilicity
and hydrophobicity of BDDO and BDDH, respectively.
The CV and DC on both BDDO and BDDH and sputtered AuNPs on BDDO all showed a shift in binding
energy of the Au 4f orbital of approximately 1 eV from
that observed in bulk elemental gold. Such shifts in binding energy have previously been attributed to the nature
of the Au-BDD interaction, which has been discussed by
others [4, 32, 33]. Briefly, the Schottky barrier height decreases with decreasing surface oxygen species, to the
limit of no surface oxygen (hydrogen-terminated case),
where the Au is in ohmic contact with the BDD [4, 32–
36]. Hence, the 0.7 eV difference between the CV-AuNPs
on BDDO and BDDH can be explained by the difference
in the contact type [4, 32, 33]. Interestingly, the DCAuNPs on BDDO and BDDH did not show this clear difference in binding energy, possibly due to the absence of
an effective electrical contact between the DC-AuNPs
and BDDO (sections 3.2–3.4).
Microscopy was used to determine the location of
AuNPs on the two terminations of BDD electrodes and
to further examine the AuNP concentration. Fig. 2A and
www.electroanalysis.wiley-vch.de

Fig. 2. BDDH decorated with A) CV-AuNPs (SEM) and B)
50 nm DC-AuNPs (AFM) and BDDO decorated with C) CVAuNPs (SEM) and D) DC-AuNPs (AFM).

C show SEM images of CV-AuNPs on BDDH and
BDDO, respectively, while Fig. 2B and D show AFM
images of the DC-AuNPs.
As shown in Fig. 2, the CV-AuNPs diameter on the
two electrodes were similar, but the morphologies differed with electrode termination. On BDDH, the AuNPs
had a flower shape that may indicate the presence of several nucleation sites in close proximity on the underlying
BDDH. On BDDO, the CV-AuNPs were single units. For
the DC samples, for which the particle morphology is
pre-set, the electrode termination was observed to influence the deposition location. For BDDO, DC-AuNPs
tend to cluster together along the BDD grain boundaries,
whereas for BDDH the NPs sit anywhere on the grain.
AFM of the DC-AuNPs confirms that significantly more
Au adsorbs on BDDO than BDDH, as was also found by
XPS (Fig. 1).
3.2 Electrochemical Deposition and Stripping Behavior
CV was used to determine the difference in (re)deposition and stripping behavior of AuNPs deposited on
BDDO and BDDH, respectively. Degassed, dilute aqua
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Fig. 3. CV in dilute aqua regia at 0.1 Vs1 starting at 0.7 V of A) AuCl4- on BDDO (black) and BDDH (red), B) DC-AuNPs/BDDH
and C) DC-AuNPs/BDDO. The inset shows the amount of Au left on the electrode at the end of a complete CV cycle as a function of
the scan number.

regia was used as the electrolyte for the pre-deposited
DC-AuNPs. Clean BDDO and BDDH was used with a solution of 1mM HAuCl4 · 3H2O in dilute aqua regia to
probe both the initial deposition and subsequent growth
of the CV-AuNPs. The results are shown in Fig. 3.
The cathodic peak in the 0.1–0.7 V range corresponds
to the reduction of Au:
Au3þ þ 3e $ Au0

ð1Þ

During CV deposition of Au on BDD, the Au typically
undergoes NP nucleation followed by growth [29]. In the
data presented in Fig. 3A, the nucleation-growth process
is evident from the reduction-deposition (0.7 to  0.1 V)
potential shift from 0.1–0.2 V in the first scan (Fig. 1A) to
0.4 V in later scans. This shift can be attributed to the AuAu interaction superceding the Au-BDD interaction once
the electroactive sites have been seeded in the first scan.
The Au nucleation potential depends on the electrode termination; the overpotential of the CV-AuNPs/BDDH is
approximately 0.1 V smaller than that of BDDO, illustrating the different electrode catalytic properties of the differently terminated electrodes. The shift in overpotential
does not affect the amount of Au deposited by CV: the
peak position shifts with electrode termination, but the
area is the same. The first deposition scan (0.7 to  0.1 V
and back) deposits 3.2 mg cm2 of Au for both electrodes.
Interestingly, the XPS data (Table 1) showed significantly
more Au on BDDH than BDDO, suggesting that the concentration difference is associated with the strength of adhesion of the AuNPs on the different electrodes with
a stronger adhesion for BDDH than BDDO (section 3.3).
The anodic peak at 1.1 V is due to the oxidation of Au –
primarily the reverse of reaction 1 [29, 37]. The Au oxidation peak position is unaffected by the scan number, but
the amplitude increases with scan number. This is because
in the early scans, the amount of Au deposited significantly exceeds the Au stripped within a complete CV cycle, as
shown in the inset of Fig. 3A.
Neither of the DC-AuNP samples have a deposition
peak in the first scan since there were no Au ions in the
solution. For DC-AuNPs/BDDH (Fig. 3B), an anodic
www.electroanalysis.wiley-vch.de

peak at 1.2 V is observed as well as a cathodic peak at
0.7 V. These correspond to the oxidation and reduction
processes also seen at bulk Au electrodes associated with
redox processes in an Au oxide layer formed when Au is
exposed to atmospheric conditions [38], and at explicitly
oxidised AuNPs [35, 39]. At higher scan numbers, peaks
similar to those in Fig. 3A are observed due to the stripping and re-deposition of Au from, and on, the DCAuNPs. The concentration of DC-AuNPs on BDDO is
approximately ten times higher than on BDDH (Table 1),
probably reflecting the stronger interaction of Au with
the negatively charged hydrophilic BDDO surface than
with the hydrophobic BDDH surface. The corresponding
CV data (Fig. 3C) would be expected to resemble that
shown in Fig. 3B but with more intense oxidation and reduction waves. This is not the case. The peaks seen in
Fig. 3C are at least one order of magnitude weaker than
those observed in Fig. 3B. The conclusion can therefore
be reached that the DC-AuNPs are in much poorer electrical contact with BDDO than with BDDH. This difference in electrical contact might be attributed to the difference in the type of contact between the AuNPs and
BDDO and BDDH [4, 32–34].
3.3 Stability
The physical stability of the AuNPs on the electrodes was
examined and compared for both deposition methods and
electrode terminations. Decorated electrodes were ultrasonicated in water for 0, 2, 5 and 10 min and then electrochemically stripped of Au using ten CV scans in dilute
aqua regia, scanning from 0.7 to 1.4 V (see Fig. 3). The
aim was to gain an estimate of the amount of Au remaining on the electrode by linking this to the amount of Au
stripped off the electrode. If more Au was electrochemically stripped off the electrode, then presumably more Au
was left on the electrode after the sonication. Fig. 4 shows
the Au loadings calculated from the integration of the
CV peaks (data not shown) as a function of scan number.
For the CV-AuNPs, the Au loading (as judged by the
amount of Au stripped) was higher on BDDH than
BDDO regardless of the deposition method. As discussed
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Fig. 4. The stability is given as Au loading on BDDO (black)
and BDDH (red) with respect to scan number for A) CV-AuNPs
and B) DC-AuNPs. The inset in B shows the DC-AuNPs/BDDO
at a smaller scale. The time legend is the same for both A and B,
BDDO and BDDH.

Fig. 5. PbUPD in a 1 mM Pb(NO3)2 in 0.1 M NaOH at
0.05 Vs1 on A) the clean BDDH (blue), CV-AuNPs on BDDH
(red) and BDDO (black), B) DC-AuNPs on BDDH (red) and
BDDO (black). The blue curve in B) shows the effect of NaOH
on the DC-AuNPs/BDDH in the absence of Pb.

above, this likely arises because AuNPs are more stable
on BDDH than BDDO. Nevertheless, the bonded CVAuNPs on both electrodes seemed to be stable with respect to ultrasonication, since only approximately half of
the NPs were lost after 10 minutes ultrasonication.
Quite different results are seen for the DC-AuNPs. A
negligible electrochemical stripping signal is seen for DCAuNPs/BDDO because of the lack of electrical contact
previously discussed and approximately 90% of the
AuNPs/BDDH were lost during ultrasonication. Therefore, the DC-AuNPs are significantly less stable than the
CV-AuNPs. Furthermore, more Au was detected in the
second scan than the first scan, which may suggest that
the sonication process causes the NPs to be oxidised.
The stability test led to other interesting results. No Au
loading data could be obtained for the DC-AuNPs/
BDDO sample without an activating scan (one CV scan
in dilute aqua regia, see section 2.2) being performed
prior to sonication. Performing the activation after sonication did not give a detectable current, most likely because the AuNPs had already been lost from the surface.
From this result the CV scan seems to improve the electrical contact between the DC-AuNPs and the BDDO
electrode. The DC-AuNPs were significantly less stable
on BDDO than on BDDH, since even short ultrasonication resulted in a complete loss of the stripping
signal.

Since Pb preferentially deposits on Au over BDD, it is
assumed that the surface area of the detected Pb is equal
to that of Au. The amount of Au is calculated through integration of the deposition peak (see Fig. 3), which introduces a small error due to some of the Au being lost between deposition and experiment (Fig. 4). Note that this
estimate further relies on the assumption that the NPs
are of uniform size and hemispherical morphology, which
is not true for electro-deposited NPs. The results are
shown in Fig. 5.
The reduction peaks correspond to the reduction of
Pb2 + to Pb0 on the Au(110), (100) and (111) surfaces, in
order of increasing overpotential [30]. The peaks associated with the depositon of Pb onto Au(110) is somewhat
obscured by the background peaks of the supporting
NaOH electrolyte, which is why the Pb reduction peak
for this surface is disproportionate to its oxidation peak.
Both CV-AuNPs samples and DC-AuNPs/BDDH show
the Au(111) surface, whereas DC-AuNPs/BDDO do not
show any electrochemical response to PbUPD. The CVAuNPs on both BDDO and BDDH also show other Au
surfaces, though the peaks for CV-AuNPs/BDDO are
small. The presence of multiple peaks shows that CV deposition results in NPs that are electrochemically active on
multiple surfaces, particularly CV-AuNPs/BDDH that
show three Au surfaces. The CV-AuNPs diameter was
calculated to be 200 nm for CV-AuNPs/BDDH, which is
on the same order of magnitude as the SEM data (Fig. 2),
and 3.14 mm for CV-AuNPs/BDDO, which does not correspond the SEM result. The discrepancy between the
calculated diameter and the measured diameter (Fig. 2)
arises from the loss of AuNPs from the surface between
deposition and analysis (section 3.3). The background
slope of the voltammogram in Fig. 5B suggests that residual oxygen is interfering with the PbUPD process – possibly linked to the oxide layers discussed in section 3.2–3.3.

3.4 PbUPD
PbUPD experiments were used to determine the surface
crystallinity of AuNPs and to estimate the CV-AuNP diameter [30,40,41]. The NP diameter can be estimated by
AAu =SAu ¼ ð2=3 pr3 snÞ=ð2pr2 nÞ

ð2Þ

where AAu is the amount of Au (in units of mass), SAu is the
surface area of Au, r is the NP radius, s is the surface density of Au and n is the number of NPs. This simplifies to
r ¼ ð3AAu Þ=ðSAu sÞ:
www.electroanalysis.wiley-vch.de

ð3Þ

3.5 Hg2 + Sensing
The AuNP-modified BDD electrodes were investigated
as heavy metal sensors. Hg was chosen as the test case because of its high affinity for Au[31, 42, 43] as a result of
a strong Au-Hg bonding interaction. Hence, any electro-
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Fig. 6. SWASV with a potential step of 0.005 V, a 0.01 V amplitude and 10 Hz frequency after a 60s pretreatment at 0.35 V, of Hg on
bare BDDO (A), bare BDDH (B), CV-AuNPs/BDDO (C), CV-AuNPs/BDDH (D), DC-AuNPs/BDDO (E) and DC-AuNPs/BDDH
(F). The small shoulder observed at just over 1 V corresponds to the onset of Au oxidation.

chemical differences observed in these experiments
would highlight the effect of electrode termination and
deposition method on the Au-BDD interaction. Briefly,
the experiment was performed by doing a SWASV scan
of the decorated electrode in the mercury solution after
a pre-concentration step at 0.35 V for 60 s in which Hg2 +
was reduced to Hg0 that deposited onto the electrode.
The Hg0 is then re-oxidized to Hg2 + , which is observed at
0.5 V on the bare BDDO and 0.6 or 0.8 V [31, 44–47] on
AuNPs/BDDO and BDDH, respectively. A competing
oxidation reaction found only to occur on bare BDDH
and with high Hg concentration on DC-AuNPs/BDDH is
the formation of the mercuric dimer at 0.9 V [48, 49].
Fig. 6 shows the reoxidation of Hg0 to Hg2 + obtained by
using a stock concentration of 1 mM Hg(NO3)2 solution
for the bare BDDs and a stock solution of 500 nM for the
decorated BDDs as well as the lowest concentration of
Hg(NO3)2 for which peak currents could be detected with
each ensemble.
For mercury sensing, the electrode termination was
more important than the AuNP deposition method. Significantly lower concentrations of Hg could be detected
on BDDH decorated with either CV or DC-AuNPs than
on BDDO electrodes. The detection limits were 4 and
32 nM Hg2 + for the CV and DC-AuNPs/BDDH, respectively. Fig. 6F shows that at lower concentrations of Hg,
the oxidation to Hg2 + primarily occurs at potentials associated with oxidation at the BDDH rather than at the
DC-AuNPs, Peculiarly, the Hg stripping peak is only obwww.electroanalysis.wiley-vch.de

served if the DC-AuNPs are present on the electrode,
even if the reoxidation is not observed at the potential associated with Au. This suggests that the DC-AuNPs aids
the reduction of Hg onto BDD by Hg first depositing
onto the DC-AuNPs and then diffusing to the BDD.
The lowest limit of mercury detection with AuNPs currently reported in the literature is 0.42 nM [50] at glassy
carbon electrodes. Therefore the AuNPs/BDD ensembles
appear capable of offering competitive performance in
the field of mercury sensing with carbon-based substrates
after further optimization.

4 Conclusions
This work investigated the effect of BDD termination on
the electrochemical activity of AuNPs. The AuNPs were
deposited by both CV and DC of colloidal NPs. The
direct comparison of the two deposition methods and
BDD terminations is a unique feature of this study. The
AuNPs/BDD ensembles were characterized physically by
XPS and microscopy, which showed the influence of the
electrode termination on the amount of Au deposited as
well as on the deposition morphology. Electrochemical
characterization methods revealed the difference in electrical contact between AuNPs deposited by either method
on BDDH and BDDO – the electrical contact being
better with BDDH than BDDO. The electrochemical investigations also showed the AuNPs to be more stable on
BDDH than BDDO, and that the surface termination af-
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fects the electro-active crystal faces of the AuNPs. Most
importantly, this study isolated the electrochemical benefit of using H-terminated electrodes with AuNPs. Experiments concerning the detection of Hg2 + indicated that
BDD termination is more important for the sample’s ability to detect low concentrations of Hg than the AuNP
deposition method. Physical stability is higher for AuNPs/
BDDH for both deposition methods, which suggests
a stronger physical contact between the AuNPs on
BDDH than BDDO. The increase in physical contact
gained by using BDDH may enable the formation of
more stable sensor platforms.
An interesting and potentially useful result stemming
from this work is that the Hg detection experiments at
Au-decorated BDDH had two oxidation peaks: the peak
associated with the oxidation of Hg on the underlying
BDDH enabled a lower limit of Hg2 + detection than for
unmodified BDDH. The presence of the two oxidation
peaks suggests that decorating BDDH with AuNPs can
improve the activity of the BDDH itself. This is a curious
effect that warrants further study and may be a general
feature of metallic nanoparticles on BDDH substrates.
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[21] H. ÇiftÅi, U. Tamer, A. . Metin, E. Alver, N. Kizir, J.
Appl. Electrochem. 2014, 44, 563 – 571.
[22] Y. Song, G. M. Swain, Anal. Chim. Acta 2007, 593, 7 – 12.
[23] X. Chai, L. Zhang, Y. Tian, Anal. Chem. 2014, 86, 10668 –
10673.
[24] L. Xiao, G. G. Wildgoose, R. G. Compton, Anal. Chim. Acta
2008, 620, 44 – 49.
[25] D. Yamada, T. A. Ivandini, M. Komatsu, A. Fujishima, Y.
Einaga, J. Electroanal. Chem. 2008, 615, 145 – 153.
[26] T. A. Ivandini, D. Yamada, T. Watanabe, H. Matsuura, N.
Nakano, A. Fujishima, Y. Einaga, J. Electroanal. Chem.
2010, 645, 58 – 63.
[27] J. Gong, Chem. Rev. 2012, 112, 2987 – 3054.
[28] A. Bonanni, M. Pumera, Y. Miyahara, Phys. Chem. Chem.
Phys. 2011, 13, 4980 – 4986.
[29] K. B. Holt, G. Sabin, R. G. Compton, J. S. Foord, F. Marken,
Electroanalysis 2002, 14, 797 – 803.
[30] A. J. Wain, Electrochim. Acta 2013, 92, 383 – 391.
[31] L. E. Barrosse-Antle, L. Xiao, G. G. Wildgoose, R. Baron,
C. J. Salter, A. Crossley, R. G. Compton, New J. Chem.
2007, 31, 2071 – 2075.
[32] Y. Mori, H. Kawarada, A. Hiraki, Appl. Phys. Lett. 1991,
58, 940 – 941.
[33] J. van der Weide, R. J. Nemanich, Phys. Rev. B 1994, 49,
629 – 637.
[34] F. Cappelluti, G. Ghione, S. Russell, D. Moran, C. Verona,
E. Limiti, Appl. Phys. Lett. 2015, 106, 103504.
[35] T. Teraji, Y. Koide, T. Ito, This Solid Films 2014, 557, 241 –
248.
[36] Y. Zhang, S. Asahina, S. Yoshihara, T. Shirakashi, Electrochim. Acta 2003, 48, 741 – 747.
[37] J. Weng, J. Xue, J. Wang, J.-S. Ye, H. Cui, F.-W. Sheu, Q.
Zhang, Adv. Funct. Mater. 2005, 15, 639 – 647.
[38] J. P. Hoare, J. Electrochem. Soc. 1984, 131, 1808 – 1815.
[39] Y. Zhang, V. Suryanarayanan, I. Nakazawa, S. Yoshihara, T.
Shirakashi, Electrochim. Acta 2004, 49, 5235 – 5240.
[40] Y. Wang, E. Laborda, C. Salter, A. Crossley, R. G. Compton, Analyst 2012, 137, 4693 – 4697.
[41] B. Chang, E. Ahn, S. Park, J. Phys. Chem. C 2008, 112,
16902 – 16909.
[42] Y. Bonfil, M. Brand, E. Kirowa-Eisner, Anal. Chim. Acta
2000, 424, 65 – 76.
[43] P. Richter, M. I. Toral, B. Abbott, Electroanalysis 2002, 14,
1288 – 1293.
[44] E. A. Viltchinskaia, L. L. Zeigman, S. G. Morton, Electroanalysis 1995, 7, 264 – 269.

 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Electroanalysis 2015, 27, 1 – 9

&7&

These are not the final page numbers! ÞÞ

Nanocarbon Electrochemistry
and Electroanalysis

Full Paper

[45] B. K. Jena, C. R. Raj, Anal. Chem. 2008, 80, 4836 – 4844.
[46] M. Korolczuk, Fresenius J. Anal. Chem. 1997, 357, 389 – 391
[47] A. Manivannan, M. Seehra, A. Fujishima, Fuel Process.
Technol. 2004, 85, 513 – 519.
[48] S. G. Bratsch, J. Phys. Chem. Ref. Data 1989, 18, 1 – 21.
[49] S. P. Kounaves, J. Buffle, J. Electrochem. Soc. 1986, 133,
2495 – 2498.

www.electroanalysis.wiley-vch.de

[50] T. Hezard, K. Fajerwerg, D. Evrard, V. Collire, P. Behra, P.
Gros, J. Electroanal. Chem. 2012, 664, 46 – 52.

Received: June 30, 2015
Accepted: August 5, 2015
Published online: && &&, 0000

 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Electroanalysis 2015, 27, 1 – 9

&8&

These are not the final page numbers! ÞÞ

Nanocarbon Electrochemistry
and Electroanalysis

Full Paper

FULL PAPERS
J. Svanberg-Larsson, G. W. Nelson,*
S. Escobar Steinvall, B. F. Leo,
E. Brooke, D. J. Payne, J. S. Foord*
&& – &&
A Comparison of ExplicitlyTerminated Diamond Electrodes
Decorated with Gold Nanoparticles

www.electroanalysis.wiley-vch.de

 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Electroanalysis 2015, 27, 1 – 9

&9&

These are not the final page numbers! ÞÞ

Nanocarbon Electrochemistry
and Electroanalysis

Full Paper

