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A B S T R A C T   

This study presented an enhanced sensitivity of sensing protons (H+) by anchoring tungsten to carbon nano-
particles (WCN) to encourage high current density on the surface of gold interdigitated electrode (AuIDE). The 
morphology of the sensor evidences the intactness of electrode surface and suitable for WCN modification. To 
elucidate the study, unmodified AuIDE was compared to the WCN modified surface. Current-volt analysis was 
compared with electrolyte scouting in the variation of pH by using a picoammater, which supplied 0.0 to 2.0 V 
with a 0.1 V ramp interval. It was shown that modified WCN gave the sensitivity in the acidic medium (protons) 
at the pH 4 with a current density value of 2.5 × 10-5 ampere and increased further with lowering the pH to more 
acidic. This is due to the fact that the tungsten carbon nanoparticle that is anchored offering more electron 
density and alters the behavior of the chip. Meanwhile, the current density displayed insignificant changes of 
current density amplification from pH 5 to 12 with the range of 5.91 × 10-9 to 7.36 × 10-8 Ampere. The 
deposition of WCN on the AuIDE surface chip revealed the successfulness of this nanoparticle in chemically 
linked with the AuIDE surface and how modified nanoparticle altered the behavior of the sensing element.   

Introduction 

The recent development of sensors calls-up for application with in- 
situ and rapid analyses, at the same time producing high accuracy, 
especially in the field of clinical and health monitoring, drug delivery or 
markers that indicate the disease severity [1]. Intrinsically, design 
fabrication, the design process of the chip, modification of chip surface, 
and volume sample are a few of the factors which can be taken into 
consideration in developing a high degree of chip sensitivity, surface-to- 
volume ratio, signal response, selectivity, and conductivity [2,3]. 
Although researchers progressively develop biosensor on such circum-
stance, there are drawbacks to the newly developed sensor with is yet to 
have a loophole in tackling the issue [4]. The existing commercial sys-
tems are time-consuming and needs a know-how person to operate it. 
Another key challenge in the development of the sensor is enhancing its 
performance by increasing the area of the active surface without 

increasing the geometric surface of the electrode. This eventually will 
affect electrode recording that gives small impedance to achieve low and 
high signal-to-noise ratio [5]. 

Generally, the development of biosensors has varied approaches but 
with the same goal which is to have high sensitivity and robustness to 
have better detection, particularly for medical applications [6]. Gold 
interdigitated electrode (AuIDE) has proven to be among the best can-
didates as substrate in chip fabrication because of its adaptability. 
Notionally, gold has been widely known to employ in sensing applica-
tions. Its unique characteristics possess excellent behaviour where it can 
produce a high degree of sensitivity by the fact of having rapid electron 
transfer for electrical conductivity. Recent work by Mie et al. (2023) can 
fabricate nanostructured gold film electrodes that derived gold solution 
with Au, H, and O in plasma processing in the presence of hydrogen 
peroxide [7]. The preparation shows that the nanostructured formed on 
its electrode can be directly used via the “drop-and-dry” method without 
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engaging pre-treatment that commonly involve surfactant and reductant 
compound for its electrochemical application. HER catalytic current was 
produced 10 times larger than normal gold electrode and its DET in 
redox enzyme produced a higher electron transfer rate constant with the 
presence of its potential substrate. The work evidenced that the antici-
pation of gold is to expect to have better performance as an electrode. 
Furthermore, the gold electrode has been commonly used in interdigi-
tated electrodes because it can act as a charger separation and collection 
mechanism that is able to enhance performance. Because of its charge 
separation nature that mainly contributes to its severe higher reflection 
caused by the unwanted shadowing effect that will cause low respon-
sivity [8]. Furthermore, gold possesses excellent conjugate agents and is 
commonly known to be the best candidate to tailor its surface alteration 
in attempting to conjugate with chemicals or compound to perform 
sensor functionality. This is due to the reason it will produce high sta-
bility and robust thiol surface [9]. With careful preparation and 
methods, the characterization of the gold electrode can be exploited to 
fit its pertinent. 

Carbon is widely known to be prime material in technological ap-
plications because of its great diverse carbon allotropes that include 
carbon nanoparticles, carbon nanowall, and graphene. It’s derivatives 
and non-noble metal compound have shown to have excellent perfor-
mance with myriad functionalities and low-cost alternatives. Because 
carbon is readily available and relatively cheaper compared to other 
materials, it has dielectric properties which makes it the widest range of 
application. Eivazzadeh-Keihan et al. [10,11] reviewed the capability of 
carbon material in biosensing applications and claimed that it has 
excellent incorporation with other materials that enable them to 
chemically bind with other substrates. In the case of carbon nano-
particles, their physical appearance that has relatively small size than 
macro size makes them exhibit a larger surface-to-volume ratio that 
enhances high conductivity and sensitivity. An elucidation work by Lu 
et al. [12] on the capability of carbon nanoparticles with target miRNA 
that has complex biological properties [13]. In the design phase, they 
successfully developed a cyclic enzymatic amplification method for 
sensitive detection in miRNA which shows CNPs act as a protective 
barrier for target-activated enzymatic digestion property. The element 
of cyclic reaction helps to enhance the fluorescent signal amplification. 
It is also worth mentioning that the procedure involved was simple with 
mix-and-measure steps that can complete in less time. 

With regards to the exploration of carbon-supported materials such 
as tungsten carbide, WC has been studied due to its electrochemical 
stability, superior electronic conductivity, and its great abundant re-
sources. The versatility of WC makes it easy to support materials that 
include graphitic carbon, carbon nanotube, graphene, carbon fiber, and 
carbon nanoparticles. Furthermore, the additional tungsten element 
prevents aggregation from the nanoparticle surface and will attach by- 
products from any processes which consequently reduces the conduc-
tivity and stability of the catalyst [14]. The high valency of tungsten 
with six oxidative states indicates that tungsten is capable to bind with 
up to six molecular compounds. Curran (2022) reviewed the vast vari-
ation of tungsten complexes that include cyclic and non-cyclic Pi com-
plexes of tungsten from ligand alkenes, alkynes, alkenes, allyls, 
cyclobutadienes, cyclopentadienes, pyrrolides, arenes, cyclo-
heptatrienyl, and C60 with different types of reactions involved [15]. In 
other work by Chen et al. (2019), they were successfully fabricating 
different variations of WCx/CN products by manipulating their anneal-
ing temperature and reaction time [16]. The experimental procedure 
resumed with alkali treatment to synthesize single atoms. It was shown 
that controlling its temperature may exploit the tungsten growth from 
nanocrystals to single atoms with different tungsten-nitrogen-carbon 
coordination. The experimental work provides an insight that different 
types of WC-nanocrystals and WC-single atoms exhibit contrary be-
haviours and carry different capacities and efficacy in their application. 

In this regard, previous work demonstrated the incorporation of 
carbon-supported material can significantly improve the existing 

limitation on stability performance and accuracy of signal production 
[17–20]. The main goal of this study is to improve gold-interdigitated 
electrode surface performance by modifying its electrode surface with 
carbon nanoparticles. It is, however, will be the key challenge for 
tungsten carbon nanoparticles to be attached to on interdigitated gold 
electrode (AuIDE). To affirm its modification successfulness is by 
studying its behavior from different ways of analyses. Analysis of elec-
trolyte scouting will serve as the assessment of sensitivity and rapid 
performance of electron transfer. Furthermore, carbon nanoparticles 
will be responsible to enhance the performance of AuIDE due to its 
conductivity while tungsten will make a great contribution to the rapid 
electron transfer for biosensing applications. It is hoped fabrication of 
nanoparticles onto AuIDE will be the reference to overcome the 
abovementioned limitations. 

Materials and methods 

Chemicals 

Vulcan Carbon black XC72R was obtained from Fuel Cell Store. 
Methanol (99.8 %) ACS reagent, Potassium Chloride, (90 %) flakes, and 
tungsten (IV) hexachloride, ≥99.99 trace metal basis was purchased 
from Merck, Germany. Deionized water was obtained from a laboratory 
in the Institute of Nano Electronic Engineering, Universiti Malaysia 
Perlis. The chip DRP-G-IDEAU10 was purchased from Metrohm, 
Malaysia. 1,1′-Carbonyldiimidazole (CDI) was purchased from Sigma- 
Aldrich, USA. The accurate pH solutions from 1 to 12 were purchased 
from HANNA Instruments, Malaysia. All the chemical reagents used in 
this study were in analytical reagent grade. 

Synthesis of tungsten anchored on carbon nanoparticle (WCN) 

Initially, 0.2 mg of Pt/C (20 %) was weighed in the vial. Argon gas 
was introduced in the vial to remove air and oxygen. Subsequently, 
ethanol was introduced into the vial with the drop-by-drop method and 
carefully handled in the presence of argon gas to avoid a spark from the 
reaction. Once ethanol was successfully suspended in methanol, the vial 
was then closed and sealed by using parafilm and sonicated for 1 h. 
Meanwhile, in different vials, tungsten (IV) hexachloride was added to 
methanol with mol ratio Pt:W = 1, and let it mix using a vortex mixer 
before it was sonicated for 20 s. Later, the mixture of tungsten (IV) 
hexachloride and methanol was subsequently discarded to room tem-
perature for 5 min before it was mixed with Pt/C immersed in methanol. 
Upon the completion of both vials mixed, it was followed by the drying 
method in a hotplate at 60 Celsius for 1 h at ambient temperature. The 
sample was then collected and further underwent an annealing process 
in rapid thermal annealing (RTA) system. The annealing was then pre-
ceded to operate at 650 Celsius for 2 h under ammonia gas at 100 sccm 
with a ramp rate of 100 Celsius/10 min. Before the annealing process 
took place, the sample was purged with argon gas and later with 
ammonia gas at ambient temperature. The sample in black powder was 
discarded from RTA after it cools to ambient temperature. The final 
sample discarded from the RTA system was then prepared for alkali 
treatment using potassium hydroxide in 1.5 M for 24 h. 

Functionalized AuIDE chip with modified WCN 

To perform functionalization of WCN on AuIDE, the electrodes were 
pre-cleaned thoroughly with a great amount of deionized water. The 
electrode was dried by using air blow and it was placed inside the 
electrode probe station. Next, 20 μL of KOH was dropped on the elec-
trode and let it incubate for 10 min. The subsequent step was to allow 
the electrode to undergo a cleaning procedure. In the cleaning proced-
ure, the electrode was poured with 10 volumes of deionized water that 
eventually removed the surface liquid in a manner and removed the 
remaining by using an air blower. The cleaning procedure was done in 
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three washings. The next step was applied by dropping 20 μL of 1,1′- 
Carbonyldiimidazole (CDI) onto the electrode surface that acts as the 
linker. The electrode was set aside for one hour and it was carefully 
monitored to ensure no drop of CDI is dried throughout the procedure. 
Later, it was performed with a cleaning procedure by using deionized 
water in the abovementioned step. Succeeding to the cleaning proced-
ure, 20 μL of suspended WCN was dropped on the electrode and let it 
stay onto the electrode for one hour with precaution to avoid the elec-
trode from getting dry. The cleaning procedure was applied to proceed 
with the steps in electrolyte scouting. 

Electrical and electrochemical analysis 

The electrical analysis was carried out by using electrolyte scouting. 
pH scouting was performed in the range of pH 1–12 and it was measured 
by using a Picoammeter power supply (Keithley 6487). Picoammeter is 
set to record the measurement in current–potential supply within the 
range 0 to 2.0 V at 0.1 V each ramp step and the output signal was 
generated in Volt. Initially, the chip was immersed in a great amount of 
deionized water and air-blowed the small droplet by using an air blower. 
Once it was dried, the chip was placed on a probe station. The positive 
and negative electrodes were placed on an electrode holder that was 
connected to the positive and negative power supplies with needles. 20 
μL of pH 1 was dropped in the sensing region of the electrode, followed 
by recording the current generated in the picoammeter. Once the volt is 
completely recorded, a drop of pH 1 was discarded and it was cleaned by 
using deionized water. The remaining droplets of deionized water was 
blow dried. This cleaning procedure was performed three times. Next, 
the procedure for pH 2 until pH 12 was applied in the same approach. All 
experimental works were carried out in ambient conditions. Fabrication 
and testing system has been routinely used for point-of-care analysis and 
found to be environmental stable. 

Results and discussion 

This study shows the set of data gathered in the experimental works 
and explains the results obtained. Initially, the result represented on the 
morphology of the AuIDE chip, furthermore, the mechanism of elec-
trolyte scouting was well discussed, and how its behavior in the elec-
trolyte interrelates with surface modification WCN. The result also gives 
insight into applications that can be used on the modified WCN. This 
study highlights one of the applications on the WCN surface in evalu-
ating the occurrence of proton (H + ) with electrolyte solutions. The 
basic abundance of ions in the electrolyte solutions at different pH levels 
was elucidated and they can move between the electrodes (Fig. 1). 

Surface characterization of WCN-AuIDE 

The morphological characteristic of modified WCN functionalization 
was done to assess its morphological characteristic on the AuIDE surface 
electrode. Initially, the prepared WCN was observed under FESEM and 
FETEM set-ups. Both nanoscale imaging observations have revealed the 
uniformly shaped nanosized particles in (Fig. 2a-c). SEM images reveals 
the shape of particle is in sphere that reflect to carbon nanoparticle used 
with average 50 nm size. Further EDX analysis in Fig. 2c clearly indi-
cated that the percentage carbon element has ~ 82 % in the prepared 
material. The value of percentage weight and atom also shows that 
carbon element is relatively high in comparison to tungsten element 
with 0.69 % atom that made it clear on probability of adjacent of 
tungsten embedded on carbon nanoparticle. FESEM and FETEM images 
made it clear that modification of WCN does not gives different structure 
in nanoparticle. Despite that, careful inspection on FETEM images gives 
evident the presence of small dark dots in which it scattered and over-
lapped with nanostructure. Interestingly, small dots were happened to 
position on nanostructure only and it does not disperse independently, 
of which it could establish the anchoring of tungsten atom on carbon 
nanoparticle. Nevertheless, the size of tungsten atom cannot be identi-
fied due restriction to capture with size below (<1 nm). Initially, 
tungsten chloride dissolves in methanol that gives end-product of 
tungsten alkoxides [21]. Tungsten alkoxides acts as precursor is then 
mixed with defective graphene in carbon nanoparticle to form tungsten 
carbide nanoparticle. The catalyst precursor and carbon nanoparticle 
are then mixed, collected, and dried at 60 Celsius. The sample under-
gone pyrolysis that is above of crystallization temperature. At this 
temperature, atom migrates and relocates onto the defects of carbon 
nanoparticle. As it cools back, atom will slowly recrystallize organically 
to ensure no additional factors were forced during crystallization pro-
cess. The presence of tungsten atom helps to stabilize the bond that helps 
to prevent atom from agglomeration during annealing and additional of 
loading tungsten alters the intrinsic characteristics of carbon nano-
particle. According to Wang et al, cooling down from pyrolysis, vacancy 
of tungsten atom involves in altering the disorder of graphene matrix of 
carbon nanoparticle, which can be justified from Raman spectra that 
gives improved result with additional of tungsten that expands D and G 
band that also increase ID/IG, that benefits on improving its electronic 
conductivity [22]. Fig. 3 illustrates how tungsten catalyst precursor 
vacates onto surface of graphite to form tungsten carbide nanoparticle. 

3D profiler analysis in Fig. 4a provides 2D image of surface modified 
WCN on the AuIDE electrode. Positive and negative terminals were on 
the side region of the chip and where they placed oppositely to each 
other. It can be shown in Fig. 4a that one of the images based on its 
physical appearance is a commercialized electrode and they have uni-
form pattern with scanned image (Fig. 4b). While Fig. 4c showed the 
image of the sensing surface (AuIDE) under high-power microscope. To 
further evaluate the fabrication technique implemented, 3D nano-
profiler analysis displayed the color contrast in the AuIDE surface. The 
red color in Fig. 4d reflects the outer layer formed on AuIDE that is 
mainly contributed by the chemical bind of modified WCN by using CDI 
linker. Also, Fig. 4d reveals the formation of green and yellow colors that 
were underneath the red contrast layer, which mainly comes from its 
substrate layer, AuIDE. Besides, the surface roughness of red contrast in 
has shown to have a smooth surface of modified WCN onto the layer 
form of substrate. This proves the method in binding with substrate has 
proven to be a success due to its uniformity layer formed by applying 
chemical linkers. 

Surface infrastructure 

Fig. 4b depicts the gap of each electrode finger and thickness on the 
surface of AuIDE. The thickness formed by modified WCN was shown to 
be between 220 and 256 nm with maximum height being 256.1 nm and 
it displayed modified WCN surface layers in the uniform surface on each 

Fig. 1. (a) Illustration on charges with pH ranges. Protonation and deproto-
nation change with pH ranges are indicated. (b) movement of ions be-
tween electrodes. 
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Fig. 2. High-resolution images of the synthesized tungsten-anchored carbon nanoparticle. (a) FESEM image; (b) EDX on FESEM image; (c) FETEM image.  

Fig. 3. Schematic diagram for possible reaction pathway of tungsten alkoxide as catalyst precursor for surface layer modification of carbon nanoparticle.  

Fig. 4. Images on AuIDE chip. (a) High-Profiler Microscopy image as 2D; (b) surface profile with interlock fingers of AuIDE. (c) High-power microscopy image; (d) 
3D-nano profiler image. 

H. Ilyani Zulhaimi et al.                                                                                                                                                                                                                       



Results in Chemistry 6 (2023) 101181

5

finger. This uniformity was achieved by taking precautions while 
depositing modified WCN while maintaining steps to be applied 
accordingly. For instance, while dropping KOH and CDI solution onto 
the AuIDE chip, it was carefully monitored to ensure the solution will 
not get dry from the evaporation process. The dropping chemicals onto 
the surface AuIDE procedure took 1 h to ensure the solution is strongly 
attached to the AuIDE electrode surface. Furthermore, each addition of 
KOH and CDI solution will undergo a cleaning procedure three times to 
ensure there is no drop of chemicals that sit on top of the electrode 
surface and to avoid chemicals getting reacted which consequently will 
produce unwanted by-products. It has been done in a clean room labo-
ratory. This is to ensure minimal traces that will take effect while 
fabricating it. This in turn is affected by its surface uniformity. Unifor-
mity surface layer during fabrication is to bind it to ensure having 
strongly attached to the chip to avoid instability performance of 
response upon implementation. In addition, rough surfaces may have 
the potential of misleading value in data reading. It was due to the 
reason unevenness layer from the fabrication process may affect to ion 
field pattern during association dissociation, which consequently dis-
rupts ion dissociation [23]. Furthermore, the uneven ion field pattern 
will have a high possibility to obtain data instability while taking the 
measurement. The 3D-profilometry analysis provided sufficient evi-
dence that the procedure applied creates a layer of modified WCN. In 
this study, the formation layer of modified WCN is illustrated in Fig. 4a- 
d, which gives sufficient evidence of the red contrast of modified WCN 
deposited onto AuIDE that was fully deposited on the whole surface of 
the substrate. In addition, the deposition layer formed provides evidence 
of the success of the CDI solution to be one of the prospective linkers on 
AUIDE. 

Electrical characterization of modified WCN fabrication on AuIDE: Mobile 
electron potential 

The attainment for modified WCN to bind onto AuIDE can also be 
proved by the electrical curve of current potential in Fig. 5a and 5b, that 
in general, produced variation current generated in comparison to bare 
AuIDE. This implies that the CDI solution has the capability to be a 
multi-ionic linker to bind with many ionic sites of modified WCN that 
helps to chemically bind with modified WCN, hence increasing its 
electrical potential. The electrochemical analysis depicts one of the 
crucial parts of electrochemistry where it involves electrochemical 
techniques for sensitive detection or monitoring species of target com-
pounds. Theoretically, in electrochemical analysis, chemical reaction 
aids electrons to move between the electrode in an electrochemical cell 
containing an analyte. It involves giving up and receiving ions, and 
where ions are freely to move in between atoms of the compound. Since 
the electrode is adjacent to opposite sides, the movement of the ions will 
create a dipole moment [24]. Electron activity was measured in a 

product of magnitude and current potential in an electrochemical cell 
containing an analyte, which was then used to assess the quantity or 
recognize targeted compounds for monitoring purposes. The flow of 
electrons from the oxidation reduction reaction to the adjacent electrode 
creates electricity and is usually quantified by the current density value. 
In the case of amphoteric analysis, voltage is held constant that forcing 
the electron moves to the electrode in order to happen a full cycle of 
oxidation–reduction reaction [25]. 

The objective of this analysis is to assess the performance of fabri-
cated WCN as a buffer medium prior to current-volt measurements. An 
electrolyte scouting assessment was performed to investigate the sensi-
tivity of the sensor from its electron dissociation based on the current 
generated when voltage is supplied. The electrolyte scouting was 
measured with I-V measurement, utilizing Keithley 6478 Picoammeter 
with the supply of current/voltage. The performance assessment was 
considered on both non-modified AuIDE and surface functionalized 
AuIDE. Each pH measurement undergoes that scouting starting from 
solutions pH 1 to 12, followed by a cleaning procedure that is repeated 
in three times for each pH conditions. The cleaning method was applied 
to ensure the electrode is electron-free from previous measurements to 
avoid mixing up with electron dissociation. Both non-modified and 
functionalized AuIDE chips were performed by using deionized water 
for measurement in the bare condition. Fig. 5a displays the current 
generated for non-modified chip. In general, the curvature slope for non- 
modified with each pH solution was observed and shows small changes 
for each current generated, starting from the high acidic (pH 1 to 6) to 
the high alkaline conditions (pH 8 to 12). The difference in amplification 
can be seen on the, which provides a more detailed curvature current 
generated. The curvature was noticed to have high sensitivity when it 
was measured in very high alkaline conditions while it shows small 
amplification in pH 7. The measurement recorded in pH 10 and pH 12 
were to have the highest amplification density current with 9.85 x10-11 

Ampere and 9.80 x10-11 Ampere, respectively. However, the differences 
between each curve were not significant with all pH levels tested. 

Theoretically, when picoammeter voltage was applied, positive 
charged [H+] ions attract to the cathode while negatively charged [OH–] 
ions attach to the anode. This process formerly known as electron 
dissociation and a continuous loop of the system will generate the 
certain value of current. However, current changes that amplify from 
synergetic effect contributes to high electron density due to the func-
tionalization of chemical compound. The fabrication onto the surface of 
the sensor will alter the surface, and thus may modify the degree of 
dissociation and sensitivity of a sensing system. Thus, the degree of 
sensitivity is altered due to the electron valency of modified WCN that 
binds on the AuIDE surface [26,27]. This intrinsic characteristic leads to 
alteration on the surface of existing AuIDE thus influencing more elec-
tron density during electrolyte scouting analysis. It, however, depends 
on the chemical compound that is attached to AuIDE. In this case, the 

Fig. 5. Electrolyte scouting assessment. a) electrical potential analysis of non-modified chip of AuIDE; b) current generated on WCN modified AuIDE. Tested with pH 
solutions from 1 to 12. 
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complexity of WCN led electron valency to give a high degree of 
dissociation value, thus intensifying the current generated. Ramanathan 
et al. (2022) who studied electrolyte scouting pointed out that the small 
amplification of current generated will be one of the best to fit a device 
[23]. This is due to the fact that small amplification depicted its low 
degree to increase the current value. Therefore, the device is likely to be 
robust due to its ability to withstand high values of the voltage applied. 

As indicated in Fig. 5b, the current was generated when it applies 
voltage at different analytes. It was shown that different shapes of cur-
rent curvature can be observed in comparison to the bare AuIDE. This 
implies that surface modification of WCN gives different behavior on 
density current that infers biosensor performance. From the curvature, 
the density current was amplified higher in the region at a very acidic 
medium, that is in the range of pH 1 to 4. This has different behavior 
from Fig. 5a, where no significant differences were seen. This is because 
the presence of WCN compound alters the surface of AuIDE which gives 
a higher degree of dissociation in acidic conditions. For example, it was 
measured that the density current was to be the highest at pH 4 with 2.5 
× 10− 5 ampere. In further, it means the drift of electron on H+ ion 
condition resulting in amplification in comparison to OH– ion. At this 
point, the diffusion of current density was recorded to be the highest 
value then it applied the voltage source. However, when it was per-
formed in neutral pH and alkaline medium, the electric current showed 
small amplification with almost horizontal lines. 

It was worth noting that modified AuIDE during electrolyte scouting 
analysis, the testing for neutral pH is done after it has applied in very 
acidic and alkali conditions. This measurement was done check dura-
bility of modified AuIDE on its usage in harsh condition at high strength 
of pH. At highly acidic and alkaline conditions, the buffer contains 
abundance of [OH–] and [H+] ion that may easily be affected to modi-
fied AuIDE for measurement at neutral pH. Neutral pH indicates mini-
mal dissociation of electron because at pH 7 involves with very low 
[OH–] and [H+] ion and it is in equal concentration. After AuIDE is 
applied with very alkali and acidic pH, it was then later applied at pH 7. 
Analysis shows that the current trend has very low amplification. This 
indicates insignificant drift of electron, resulted to a very low dissocia-
tion of [OH–] and [H+]. Insignificant amplification of current trend in 
pH 7 revealed that the modified AuIDE was performed theoretically 
because it does not allow any dissociation to take place on both [OH–] 
and [H+] ions. During electrolyte scouting analysis, voltage supply was 
taken for at least three times to ensure no external factors that could 
contribute to the analysis. When is it confirmed that is no external factor 
takes place, extraction of data will then be proceed. Throughout per-
forming electrolyte scouting analysis, it was found that no unusual 
current trend although the voltage supply attempted to AuIDE in 

multiple times. Tungsten metal was selected as catalyst precursor due to 
ability that can withstand high pressure that may induce by physical 
transformation up to 3640 kPa [28,29]. Furthermore, tungsten is having 
great material qualities due to high melting point, excellent resistance 
on corrosion and durable in high temperature [30]. A study by Hidnert 
and Sweeney (1925) on thermal expansion of tungsten unveil on low 
coefficient value of tungsten with average range of 4.2–4.8 × 10-6 ◦C-1, 
at various temperature range between − 100 to 500 ◦C. This indicates 
tungsten is an excellent material that resist on material expansion at 
high low and high temperature [31]. 

Fig. 6 shows the different values of density current generated at 2 
kHz at different pH solutions. Based on the figure, the current density 
difference gives comparable values in the region between pH 1 to 4 
(with more protons) in the range of 7.39 × 10-6 to 2.5 × 10-5 Ampere, 
whereas the current density difference has relatively low-density current 
in pH 5 to pH 12 (with low protons), which gives the close ranges. From 
a micro perspective, the flow of electrons was in abundance to the acidic 
medium when it is tested with modified WCN. This is because of higher 
values of current density. Tungsten that is attached to carbon nano-
particles, generally has an oxidation state value of +6. Due to tungsten’s 
unique characteristic, therefore the tungsten formed complex ion and 
can attach up to six linkages [16]. Furthermore, modifying the electrode 
surface with two different materials provides a synergetic effect that 
creates its characters [27]. The binding of W-C coordination alters the 
electron structure on the commercialized biosensor that promotes its 
surface performance, which altered the behavior from its existing sur-
face. Apart from that, the anchoring of tungsten onto the defective 
surface of carbon nanoparticles will aid more electron valence that in-
corporates in the interstitial of the carbon structure. The phenomenon is 
known as anchoring. The function of anchoring is the electron valence of 
carbon and tungsten was to be intercepted, thus there contributing more 
electron density to the existing carbon nanoparticle. Apart from that, it 
was noticed there are current densities which measured in negative 
value. It was known that the conventional electron current movement is 
from anode to cathode. Therefore, when current density has a negative 
value, theoretically it is explained that the electron movement is 
opposite to the conventional electron movement. This concludes elec-
tron has more charge density at the cathode, which therefore makes the 
electron moves from cathode to anode. 

Conclusion 

The value recorded on modified WCN served as evidence of where 
nanomaterial binds on AuIDE. Variations of current curvature were 
observed in amperometry analysis and it gave different current density 

Fig. 6. Electro-determination on WCN modified AuIDE. Clear responses were noticed with changes in protons. Tested by picoammeter power supply to the dual 
probe station from 0 to 2 V. 
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values in comparison to commercialized AuIDE. The result from elec-
trolyte scouting shows the dissociation of electrons became greater at pH 
4 thus will effect to the electron current density on the electrode ter-
minal. This condition will eventually generate more current flow in the 
system. The electrolyte scouting for pH 5 to 12, however, gave contra-
dicting results where it showed low amplification of current density. 
This is by the fact of electron valence on WCN linker together with high 
[OH–] ion hinders electron movement, thus the electron resists having 
ion dissociation. Therefore, it gave relatively small amplifications in 
comparison to pH 4 which shows to give less sensitivity in the presence 
of [OH–] ion. The ability of modified WCN to withstand a pH value of 7 
shows a very small amplification that is best suited for wide-range ap-
plications, especially on biosensors. Furthermore, it also can work in 
very alkaline conditions which gives insight to be explored for its 
applicability in extreme conditions. The curvature for modified WCN 
proved to have the capability to be applied in a wide range of applica-
tions that can be useful in further study, especially on its application. 
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