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Abstract: Two-dimensional transition metal dichalcogenides (2D TMDs) have gained 

considerable attention from the scientific community for their various applications thanks to 

their remarkable chemical, physical, optical and electronic properties. In this study, MoS2 

nanosheets were synthesized using a kitchen blender with the assistance of a surfactant so-

called Pluronic F127 through a shear-exfoliation process. Different techniques were used to 

characterize the chemical composition, nanostructure, and electrochemical properties of the 

synthesized MoS2-F127 as well as Pt modified with MoS2-F127 (Pt/MoS2-F127) electrode. 

The Pt/MoS2-F127 electrode combined with differential pulse voltammetry was used for the 

electrochemical detection of homovanillic acid (HVA) in the presence of common interferents 

in urine. The study provides a new approach to discriminate the electrochemical signal of HVA 

and UA which lead to higher selectivity of the sensor. 

1. Introduction 

2D transition metal dichalcogenides (TMDs) is a widely used group of materials in biosensing 

applications. This is due to their many benefits, which make them promising for the 

development of numerous sensing platforms. MoS2 is the most popular and highly studied 

compound of 2D TMDs [1]. MoS2 exhibits remarkable characteristics, such as mechanical 

strength, flexibility, and catalytic activity [2,3]. It has been studied in diagnosing metabolic 

diseases; for instance, functional hybrids of Ni-doped MoS2 and reduced graphene oxide (rGO) 

were used in the electrochemical detection of blood glucose in diabetes mellitus. The sensor 
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demonstrated high electrochemical activity due to its highly displayed catalytic sites, good 

electron transport rates, high effective surface area, and electrical conduction of rGO and MoS2 

[4]. Similarly, a novel composite consisting of 3D MoS2 nanoflowers and Cu2O metal oxide 

was employed in the non-enzymatic amperometric detection of glucose in alkaline medium. 

The electrode exhibited an excellent electrochemical activity as a result of the unique structural 

properties of MoS2-Cu2O [5]. Additionally, MoS2 was also used in the enzymatic detection of 

glucose. An enzymatic bio-composite based on MoS2 nanosheets, gold nanoparticles (AuNPs), 

and glucose oxidase (GOx) modified Au electrodes showed a high sensitivity for glucose 

because of its 3D structure with large interlayer distance and surface area for enzyme 

immobilization [6]. MoS2 based sensors were not only used in the detection of glucose but also 

for other important biomolecules. Blood cholesterol was also investigated using an electrode 

containing cholesterol oxidase (Chox), AuNPs, and MoS2 as it is highly recommended in the 

diagnosis of atherosclerosis, thrombosis, and cardiovascular diseases [7]. Dopamine was also 

examined using a combination of MoS2 nanoflowers, carbon nanotubes, and graphene, which 

demonstrated an excellent electroactivity for the detection of dopamine [8]. 2D MoS2 flakes 

modified with a thiolated DNA probe, was used as an optical biosensor for miRNA21 thanks 

to the photoluminescence of MoS2. The results demonstrated high sensitivity and selectivity 

and showed a future potential for the development of commercial devices [9]. Strong 

synergistic effect between MoS2, AuNPs, and rGO was employed in the development of an 

ultrasensitive electrochemical immunosensor based on MoS2/AuNPs/rGO nanocomposite to 

detect CA 27-29 breast cancer antigen with low detection limit (LoD) of 0.08 U.mL−1 [10]. An 

ultrasensitive, low-cost, portable and miniaturized immunosensor based on MoS2/PDDA 

hybrid film was prepared using layer-by-layer self-assembly technique. This sensor was 

employed in the detection of alpha-fetoprotein (AFP). This approach exhibited a linear range 

from 0.1 ng/mL to 10 ng/mL and a low LoD of 0.033 ng/mL. Moreover, the immunochip was 

used to detect AFP in human serum samples. It also proved high selectivity when analyzing 

small volumes, which could be useful in the trace detection of AFP [11]. An electrochemical 

aptasensor was built using hierarchical MoS2 nanostructure functionalized with SiO2 

nanoprobes and capped with DNA probe. The sensor was used for the simultaneous detection 

of prostate specific antigen (PSA) and sarcosine in serum samples [12]. A field effect transistor 

(FET) sensor array based on MoS2 nanosheets, was utilized to detect nuclear matrix protein 22 

(NMP22) and cytokeratin 8 (CK8) which are known as bladder cancer biomarkers. Thanks to 

the electronic properties of MoS2, the proposed sensor showed high sensitivity with LoD as 

low as 0.027 and 0.019 aM for NMP22 and CK8, respectively [13]. 
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The aforementioned applications of MoS2-based sensors in cancer diagnosis are highly 

demanded, as cancer is a major public health problem and leading cause of death worldwide, 

accounting for 10 million deaths in 2020. The most widespread cancer types in 2020 in terms 

of new cancer cases are breast, lung, colon and rectum, prostate, skin and stomach cancer, 

respectively [14]. Cancer encompasses a wide range of diseases involving anomalous cell 

growth.[15] These processes might produce or cause changes in concentration of biological 

molecules known as biomarkers, that may be utilized to detect cancer as well as its stage, 

subtype, and response to therapy [16]. Many of these of biomarkers include peptides, proteins 

(e.g., an enzyme or receptor), nucleic acids (e.g., a microRNA or other non-coding RNA), 

antibodies, and other small molecules secreted in urine [17]. Among these, homovanillic acid 

(HVA) or 4-hydroxy-3-methoxyphenylacetic acid, an important catecholamine metabolite 

produced by a successive action of monoamine oxidase and Catechol-O-methyltransferase on 

dopamine [18]. HVA is present in different biospecimens, such as blood, urine, cerebrospinal 

fluid (CSF), feces, and saliva. HVA has been found to be associated with different diseases, 

including breast cancer as well as narcolepsy, schizophrenia, celiac disease, sepiapterin 

reductase deficiency, and phenylketonuria [19–22]. Moreover, HVA, 4-hydroxyphenylacetate, 

5-hydroxysindoleacetate, 5-hydroxymethyl-2-deoxyuridine, and 8-hydroxy-2-deoxyguanosine 

were found in the urine of breast cancer patients and not in healthy individuals [23], indicating 

their potential use as breast cancer biomarkers. 

Various analytical techniques were employed in identifying and quantifying potential 

biomarkers in urine, such as LC-MS (Liquid Chromatography – Mass Spectrometry), GC-MS 

(Gas Chromatography – Mass Spectrometry), and NMR (Nuclear Magnetic Resonance) 

spectroscopy, as well as IELC (Ion Exchange Liquid Chromatography) and IMS (Ion Mobility 

Spectrometry) [24]. However, they require expensive instrumentation, complex sample pre-

treatment, and well-qualified technicians. Hence, alternative approaches are needed for low-

cost and simple detection and quantification of biomarkers. Electrochemical-based sensors for 

detecting particular compounds have captivated a lot of attention over recent years because of 

their high sensitivity, selectivity, simple preparation, and rapid response [25]. Electrochemical 

sensors function based on a variety of methods such as amperometry, potentiometry, 

voltammetry, and electrochemical impedance. A wide variety of materials can be used to make 

such sensors, including quantum dots, conducting polymers, metal oxides, and composites 

[26]. As a result, several electrochemical sensors were developed to detect HVA, for instance, 

a novel electrochemical sensor combining multi-walled carbon nanotubes and platinum 
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nanoparticles (MWCNTs-PtNPs) for simultaneous determination of HVA and 

vanillylmandelic acid (VMA) in urine [27]. The sensor demonstrated a good linear response 

between 0.2 – 80 μM with LoD of 0.008 μM for HVA and 0.173 μM for VMA. Also, HVA 

was detected alongside vanillylmandelic acid and 5-hydroxyindole-3-acetic acid on screen-

printed carbon electrodes using flow injection analysis coupled with amperometric detection. 

The sensor exhibited a linear range between 0.05 – 100 μM for HVA, VMA, and 5-HIAA with 

LoD of 0.065 μM, 0.053 μM, and 0.033 μM, respectively [28]. HVA was also detected in urine 

by a novel electrochemical sensor based on carbon paste electrodes modified with zinc ferrite 

nanostructure combined with multi-walled carbon nanotubes (ZFO/MWCNTs). The modified 

sensor demonstrated excellent electrocatalytic activity towards electrochemical oxidation of 

HVA and good selectivity in the presence of other species like uric acid and dopamine [29]. 

Differential pulse voltammetry (DPV) combined with hollow fiber – based liquid-phase 

microextraction (HF-LPME) was used for the determination of HVA in urine. This method 

showed increased selectivity as well as a low LoD and quantification achieved by LPME [30]. 

The effect of different parameters such as electrode material and pH of the buffer solution on 

voltammetric response of sensors to HVA and VMA were studied. The sensor achieved LoD 

from different sensing materials varied from 0.6-1.2 μM for HVA and 0.4 - 2.4 μM for VMA. 

Also, the recorded limits of quantification were sufficient for determination of HVA and VMA 

in urine [31]. 

Even though MoS2 has been applied in different sensing applications, yet it has never 

been investigated in the detection of HVA. In our study, we therefore report a simple one-step 

synthesis method of MoS2 nanosheets combined with pluronic F127 which is an amphiphilic 

non-ionic surfactant that has been widely explored for liquid-phase exfoliation of 2D materials 

[33–35] as well as a novel electrochemical sensor based on MoS2-Pluronic F127 modified 

platinum electrodes for the detection of HVA in the presence of uric acid. 

2. Materials and methods 

2.1 Reagents and apparatus 

Potassium nitrate (KNO3), potassium phosphate dibasic (K2HPO4), potassium phosphate 

monobasic (KH2PO4), potassium hexacyanoferrate(II) trihydrate (K4[Fe(CN)6]•3H2O), 

creatinine (CR), molybdenum(IV) sulfide, pluronic F127, uric acid (UA), urea (UR), citric acid 

(CA) and ascorbic acid (AA) were supplied from Sigma Aldrich. HVA was purchased from 

Alfa Aesar of Thermo Fisher Scientific. 
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The morphology of MoS2-F127 nanosheets was studied by transmission electron 

microscopy (TEM) and scanning electron microscopy (SEM) using FP 5022/22-Tecnai G2 20 

S-TWIN and Nova Nano SEM-450 from Thermo Fisher Scientific. Surface image of MoS2-

F127 nanosheets was done using atomic force ICON (Bruker) microscope in tapping mode at 

a scanning rate of 0.9 Hz. The extinction and Raman spectra of bulk MoS2 and MoS2-F127 

nanosheets were recorded with a UV-1800 spectrophotometer (Shimadzu, Japan) and a 

LabRAM HR evolution Raman spectrometer equipped with a 532 nm laser (Horiba), 

respectivel. X-ray diffraction (XRD) patterns of of the pluronic F127 and nanosheet powders 

were measured with a Rigaku SmartLab 9kW rotating anode X-ray diffractometer. PHI 5000 

VersaProbe (ULVAC-PHI Inc., Hagisono, Chigasaki, Kanagawa, Japan) spectrometer was 

used to conduct XPS measurements under the following conditions: monochromatic Al Kα 

radiation (h = 1486.6 eV), an X-ray source operating at 25 W, 15 kV, 100 µm spot, pass 

energy of 23.5 eV, energy step of 0.1 eV. CasaXPS software was used to analyze the obtained 

XPS spectra using the set of the sensitivity factors native for the hardware. Shirley background 

and Gaussian-Lorentzian peak shape were used for deconvolution of all spectra. The thermal 

decomposition profiles of the pluronic F127 and nanosheet powders were obtained using a 

thermal gravimetric analyzer (Pyris 1 TGA, PerkinElmer) operated in the temperature range of 

25 – 700 °C at a heating rate of 10 °C/min under nitrogen atmosphere. Cyclic voltammetry 

(CV), electrochemical impedance spectroscopy (EIS), and DPV were performed using an 

Ivium stat electrochemical workstation (Ivium Technologies, Ivium Stat, Netherlands) in a 

conventional three-electrode system. A bare platinum (Pt) electrode (2 mm in diameter, 

ItalSens) was used as working electrode, silver/silver chloride (Ag/AgCl) electrode, and Pt wire 

were used as reference and counter electrode, respectively. 
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2.2 Preparation of MoS2-F127 

MoS2-F127 nanosheets were prepared at large scale using a kitchen blender through the process 

of shear exfoliation (Scheme 1) [32]. MoS2 powder was added to 1 L of deionized water at a 

concentration of 50 mg/mL, followed by the addition of pluronic F-127 into the solution at a 

concentration of 10 mg/mL. The mixture was stirred for 10 mins to ensure proper mixing of 

the components. It was then transferred to the jug of a power blender (Inalsa MERAK 2000W) 

and exfoliated at a speed of 9000 rpm for 120 mins. To prevent overheating of the solution and 

the motor, an on/off (5/5 min) cycle was applied. After 120 mins of shear exfoliation, the 

solution was centrifuged at 1500 rpm for 90 mins. The supernatant carrying the exfoliated 

nanosheets was carefully collected, and the pellet was discarded. The collected supernatant was 

further subjected to 3 cycles of washing (10,000 rpm for 10 mins) using deionized water to 

remove excess Pluronic from the solution. The washed sample was finally redispersed in 

deionized water and used for subsequent experiments. 

 

Scheme 1: Synthesis of Pluronic F-127 modified MoS2 nanosheets through shear exfoliation 

technique using a kitchen blender. 

 

2.3 Preparation of Pt/MoS2-F127 

Pt electrode was polished on a polishing pad containing alumina powders of 1, 0.3, and 0.05 

µm in diameter. The electrode was then cleaned ultrasonically for 10 mins with ethanol and 

distilled water and air-dried at room temperature. Meanwhile, the MoS2-F127 solution was 

vortexed for 5 min to obtain a homogeneous suspension. Finally, 20 μL of MoS2-F127 was 
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added to the surface of the Pt electrode and placed at room temperature until the solvent was 

completely volatilized. 

2.4 Electrochemical sensing 

1 M KNO3 solution was prepared by dissolving 2.52 g of KNO3 in 25 mL of MilliQ water. 

Similarly, 0.1 M phosphate buffer solution (PBS) was prepared by dissolving 2.336 g of 

K2HPO4 and 1.577 g of KH2PO4 in 250 mL of MilliQ water. 

Electrochemical behavior of Pt/MoS2-F127 was studied either with 5 × 10−3 M solution 

of Fe(CN)6
4− prepared in 1 M KNO3 solution or with 5 × 10−3 M HVA solution prepared in 0.1 

M PBS. Cyclic voltammograms were measured in a potential range of -100 – 600 mV for 

Fe(CN)6
4− and -200 – 800 mV for HVA using five different scan rates 5, 10, 25, 50 and 100 

mV.s-1. EIS spectra were measured using 5 × 10−3 M solution of Fe(CN)6
4− in bare Pt, 1 layer, 

2 layers and 3 layers of MoS2. The frequency range was swept from 100 kHz – 0.1 Hz with an 

amplitude of 0.005 V and a polarization potential of -3 mV.  

Effect of the number of MoS2-F127 layers on the oxidation peak of HVA was examined 

using bare Pt, 1 layer, 2 layers and 3 layers of MoS2-F127 with 5 × 10−3 M HVA solution 

prepared in 0.1 M PBS. DPV curves of HVA were measured between -200 – 800 mV using a 

scan rate of 5 mV.s-1.  

Resolution between HVA and UA was examined in their mixed solution by DPV using 

Pt and Pt/MoS2-F127. The concentration of UA was fixed at 200 µM while the concentration 

of HVA was varied between 50, 100, and 200 µM in particular. DPV was also used to study 

the effect of other interfering compounds, including AA, CA, UR, and CR, on the detection of 

HVA. Solutions of HVA, AA, CA, UR, and CR were prepared at six concentrations of 50, 500, 

100, 2000, 4000, and 5000 µM, while UA was prepared at five different concentrations ranging 

from 50, 100, 200, 300 to 350 µM. The choice of this range was due to the solubility of UA. 

DPV curves were recorded between -200 – 800 mV using a scan rate of 5 mV.s-1. 

3. Results and discussion 

3.1 Synthesis and characterization of MoS2-F127 nanosheets 

The method of surfactant-assisted shear exfoliation of 2D materials was adopted in this work 

to synthesize MoS2 nanosheets at a large scale [32]. The process of shear mixing involves the 

use of mixers or blenders that contain a motor-driven rotor/blade. The rotation of these blades 
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at a fixed speed generates large shear forces in the vicinity of the suspended materials, which 

helps in exfoliating them into mono- to few-layered sheets. The addition of an intercalating 

agent, such as a surfactant into this process further helps in improving the efficiency of 

exfoliation and also provides colloidal stability to the exfoliated sheets through surface 

functionalization. In this work, bulk MoS2 was exfoliated into nanosheets in the presence of an 

aqueous surfactant solution of Pluronic F-127, using a simple kitchen blender as the shear 

mixing apparatus. Pluronic F-127 is an amphiphilic non-ionic surfactant that has been widely 

explored for liquid-phase exfoliation of 2D materials [33–35]. The process of liquid-phase 

exfoliation of MoS2 using Pluronic F-127 involves both hydrophilic and hydrophobic 

interactions between the surfactant and the 2D material. MoS2 being hydrophobic in nature 

allows the surfactant molecules to interact with its surface through the hydrophobic sections of 

the surfactant. This helps the surfactant molecules to intercalate between the layers of the bulk 

MoS2 and adhere to the surface. On the other hand, the hydrophilic section of the surfactant 

interacts with water molecules to render colloidal stability to MoS2 in aqueous environment. 

The process of intercalation weakens the van der Waal’s forces between MoS2 layers, and as a 

result, in the presence of high shear forces, the material gets exfoliated easily. The exfoliated 

MoS2 sheets are stabilized by a layer of Pluronic F-127 molecules adhering to its surface and 

thereby preventing re-aggregation through hydrophobic interactions, while maintaining 

aqueous stability through hydrophilic interactions.    

The shear mixing of MoS2 in aqueous Pluronic F-127 solution resulted in a dark colored 

liquid, which upon centrifugation, yielded a homogenous and dark green solution containing 

MoS2-F127 nanosheets. Microscopic evaluation of the as-synthesized nanosheets using TEM 

(Fig. 1A-C) and SEM (Fig. 1D) clearly revealed uniform and well dispersed two-dimensional 

nanostructures resembling sheets. As shown in Fig. 1A-B, the TEM micrographs show a well-

defined lamellar morphology of the nanosheets without any signs of aggregation. The presence 

of  few-layered nanosheets can be seen from these TEM images. The HR-TEM image shown 

in Fig. 1C depicts the highly crystalline nature of the exfoliated nanosheets, which is also 

supported by the hexagonal atomic arrangement of MoS2 as observed from the selected area 

(electron) diffraction (SAED) pattern (Fig. 1C, inset). SEM analysis (Fig. 1D) corroborates the 

above observations and shows the presence of MoS2 nanosheets having size in the range of 

150-200 nm. Thus, the process of shear mixing generates uniformly dispersed and exfoliated 

MoS2 nanosheets of a highly crystalline nature. The average thickness of the synthesized 

nanosheets as determined from the AFM images is ~4.45 nm (Fig. 1E-F). Assuming a 
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thickness of 1–1.5 nm for a single layer and taking into account the adsorbed pluronic on both 

sides of the nano-sheet, the average number of layers is expected to be between 3-4. 

 

 

Figure 1. Morphological characterization of MoS2-F127 nanosheets. (A-B) TEM, (C) HR-

TEM & SAED (inset), (D) SEM images of MoS2-F127 nanosheets. (E) AFM images of MoS2-

F127 nanosheets along with (F) their height profile showing the thickness of the nanosheets. 

The chemical nature of the synthesized nanosheets can be confirmed using a number of 

characterization tools. To begin with, we analyzed the extinction spectra (Fig. 2A) of the as-

synthesized MoS2-F127 nanosheets and observed the appearance of characteristic excitonic 

transitions at 400 nm, 450 nm, 610 nm, and 670 nm, consistent with the 2H-polytype of MoS2 

[36–38]. Raman spectroscopy of the synthesized material revealed further information about 

the molecular nature of the layered material. As can be seen from Fig. 2B, the Raman spectra 

of bulk MoS2 shows two characteristic phonon modes at 375.91 cm-1 (E1
2g) and 402.44 cm-1 
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(A1g) arising from the in-plane opposite vibrations of sulfur/molybdenum atoms and out-of-

plane vibrations of sulfur atoms, respectively [37,38]. As the number of layers in the bulk MoS2 

decreases on account of exfoliation, the E1
2g and A1g phonon modes shift towards higher 

wavenumbers along with a decrease in the frequency difference between these two modes 

compared to bulk MoS2 [38]. The Raman spectra of MoS2-F127 nanosheets clearly show the 

shifting of the E1
2g and A1g phonon modes to higher wavenumbers. Also, the frequency 

difference between these two modes for MoS2-F127 nanosheets was calculated to be 24.96 cm-

1, which was lower than that of bulk MoS2 (26.19 cm-1). Thus, the Raman data establishes the 

exfoliated nature of the as-synthesized MoS2-F127 nanosheets. XRD analysis of MoS2-F127 

nanosheets also supports the above results. As shown in Fig. 2C, the XRD spectra of bulk 

MoS2 show multiple sharp diffraction peaks corresponding to different lattice planes (JCPDS 

Card No. 37-1492). The sharp peak at 2θ = 14.4° in bulk MoS2 corresponds to (002) plane, 

which was found to be decreased in intensity as well as broadened in the case of MoS2-F127 

nanosheets. The reduction in peak intensity, along with peak broadening further confirms the 

exfoliated nature of MoS2-F127 nanosheets [37]. Surface functionalization of MoS2 nanosheets 

using F127 was confirmed from TGA analysis (Fig. 2D). Bulk MoS2 showed weight loss 

between 300 - 550ºC due to degradation of the oxidized molybdenum species such as MoO3 

present on the nanosheet surface on account of mild oxidation during aqueous phase exfoliation 

and storage [37]. MoS2-F127 nanosheets depict a thermal decomposition profile that consists 

of a sharp decrease in weight from 200 - 300 ºC arising from the degradation of pluronic F-127 

molecules [39]. This is followed by a mild weight loss from 300 - 400 ºC pertaining to 

degradation of oxidized molybdenum species similar to what was observed in case of pristine 

MoS2, thereby establishing the presence of pluronic molecules on the surface of MoS2 

nanosheets which was calculated to be ~ 36 wt% of MoS2. X-ray photoelectron measurement 

was used to confirm the chemical composition of the studied material. The high-resolution XPS 

spectra of sulfur S 2p and Mo 3d are shown in Fig. 2E-F, accordingly. Due to spin-orbit 

coupling, signals for both sulfur and molybdenum are present as doublets (Mo 3d 5/2 and Mo 

3d 3/2 separated by 3.1 eV and S 2p 3/2 and S 2p 1/2, separated by 1.2 eV). The peak position 

of the Mo3d5 and S2p3 is very typical for MoS2 compound and agrees perfectly with literature 

data [40–42]. No other chemical states of the sulfur and molybdenum are observed. 
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Figure 2. (A) Extinction spectra of MoS2-F127 nanosheets, (B) Raman spectra of bulk MoS2 

and MoS2-F127 nanosheets, (C) XRD pattern of bulk MoS2 and MoS2-F127 nanosheets, (D) 

TGA curves of bulk MoS2 and MoS2-F127 nanosheets (E) XPS spectrum of Mo 3d region and 

(F) XPS spectrum of S2p region. 

3.2 Electrochemical characterization of Pt/MoS2-F127 

In an attempt to study the electrochemical properties of Pt/MoS2-F127, the bare Pt and modified 

electrode Pt/MoS2-F127 were characterized using cyclic voltammetry (CV) in 1 M KNO3 

solution containing 5 × 10−3 M Fe(CN)6
4-. Fig. 3 shows the CV curves of Fe(CN)6

3−/4− on Pt 
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(a) and Pt/MoS2-F127 (b). Both figures indicate the presence of a redox peak on both Pt and 

Pt/MoS2-F127, which relates to the redox reactions of Fe(CN)6
3−/4−. It can be seen that the 

redox peak current of Fe(CN)6
3−/4− at Pt is higher than that at Pt/MoS2-F127, indicating that 

MoS2-F127 decreased the electron transfer. The diffusion coefficient was also calculated using 

Randles-Sevcik equation shown below. The slope of the calibration curve of the current and 

the scan rate shown in Fig. 3D was used to calculate the diffusion coefficient and was found to 

be 3.36×10−5 cm2/s. 

𝑖𝑝 = 0.4463𝐴𝐶 (
𝑛3𝐹3𝑣𝐷

𝑅𝑇
)

1/2

  (1) 

 

Figure 3. Cyclic voltammogram of 5 × 10−3 M Fe(CN)6
3−/4− in 1 M  KNO3 recorded at the (A) 

Pt and (B) Pt/MoS2-F127 electrodes at different scan rates (the order following the direction 

of the arrow). Current (I) vs. square root of the scan rate (ν1/2) in (C) Pt and (D) Pt/MoS2-

F127. Scan rate: 5, 10, 25, 50, 100 mV.s-1
. 
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3.3 Electrochemical sensor for HVA 

3.3.1 Effect of the scan rate 

Fig. 4 displays the effect of scan rate on the peak current of HVA on both Pt and Pt/MoS2-

F127 using five scan rates. Both figures indicate the presence of an oxidation peak of HVA, 

which increases when the scan rate increases. Fig. S1 shows the CV curves of 0.1 M PBS in 

both Pt and Pt/MoS2-F127, proving that the anodic peak found in Fig. 4 is indeed due to the 

oxidation of HVA. However, the cathodic peak current of HVA is not visible, indicating that 

HVA undergoes an irreversible reaction. They also highlight the difference between the cyclic 

voltammogram of HVA in Pt and Pt/MoS2-F127. The oxidation peak of HVA is more 

pronounced in Pt compared to Pt/MoS2. Also, the oxidation potential of HVA shifts from lower 

to higher potentials when modifying Pt with MoS2-F127.  

 

Figure 4. Cyclic voltammograms of 5 × 10−3 M HVA in 0.1 M PBS recorded at (A) Pt and (B) 

Pt/MoS2-F127 electrode. Scan rate: 5, 10, 25, 50, 100 mV.s-1 (the order following the direction 

of the arrow). 

 

The number of electrons n involved in the oxidation reaction of HVA by the Pt/MoS2-

F127 electrode was calculated using Laviron equation (Eqn. 2) [43],  

𝐸𝑝 =  𝐸0′ −  
𝑅𝑇

𝛼𝑛𝐹
𝑙𝑛

𝑅𝑇𝐾𝑠

𝛼𝑛𝐹
+

𝑅𝑇

𝛼𝑛𝐹
ln 𝑣   (2) 

where Ep and E0' is the peak potential and surface standard potential and KS is the standard 

heterogeneous reaction rate constant; α refers to charge transfer coefficient; v is potential scan 

rate, R, T, and F are gas constant, absolute temperature, and Faraday constant, respectively. 
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When plotting Ep versus lnv, the slope of the linear curve (Fig. S2) is equal to RT/αnF from 

Eqn. 2. As we have an irreversible oxidation of HVA, the α coefficient is usually taken as 0.4–

0.6 [31] and n is found to be 2. Therefore, the chemical oxidation of HVA involves two 

electrons and one proton [44] as depicted in Fig. 5. 

 

Figure 5. Electrochemical oxidation mechanism of HVA [44]. 

3.3.2 Effect of the coating 

Three different Pt electrodes were coated with 20, 40, and 60 µL of MoS2-F127 in order to 

study the effect of the coating on the HVA peak current. Electrochemical impedance 

spectroscopy (EIS) was also used to characterize the effect of the increasing number of MoS2-

F127 layers. Fig. 6A displays the Nyquist plot of Pt as well as three different MoS2-F127 

coatings. Pt shows a straight line representing a double-layer capacitor which behaves like a 

constant phase element (CPE). Unlike Pt/MoS2-F127, which displays an extra semi-circle 

corresponding to the interfacial electron transfer resistance. The diameter of the semi-circle 

becomes more visible when the number of MoS2-F127 layers increases, implying that the 

increasing number of coatings decreased electron transfer resistance of the electrode. 

Fig 6B. illustrates the DPV curves of HVA measured in bare Pt, 1 layer, 2 layers, and 

3 layers of MoS2-F127. Moreover, it shows that the current peak of HVA on the bare Pt is 

higher than that on the three different coatings of MoS2-F127, confirming the results obtained 

from CV and EIS in solutions of redox probe and buffer. Furthermore, the HVA peak intensity 

decreases and shifts from higher to lower potentials when the number of MoS2-F127 layers 

increases. Consequently, we chose to continue our further experiments with 1 layer of MoS2-

F127 (Pt/1L-MoS2-F127) due to its slightly higher peak current and shifted oxidation potential. 

The figure also shows a second peak around an oxidation potential of 600 mV which is due to 

the oxidation of the Pluronic F-127 polymer. Its oxidation potential also shifts marginally from 
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higher to lower potentials when the number of MoS2-F127 layers increases, validating the 

shifting characteristic of MoS2-F127.   

  

Figure 6. (A) EIS curves of 1 M KNO3 containing 5.0 × 10−3 M Fe(CN)6
4- recorded at the bare 

Pt electrodes and Pt electrode coated with different layers of MoS2-F127. Polarization 

potential: −0.003 V, Frequency range: 100 kHz - 0.1 Hz, Amplitude: 0.005 V. (B) DPV curves 

of HVA in bare Pt, 1 layer, 2 layers, and 3 layers of MoS2-F127. Scan rate: 5 mV.s-1,  

3.4 Interference study 

The selectivity of Pt/1L-MoS2-F127 towards HVA was studied using DPV using five 

interfering substances, including UA, AA, CA, UR, and CR. The choice of these molecules 

was based on their interfering capabilities. For instance, interference of AA on urine test strip 

analysis has been known for many years. On the other hand, CA, UA, UR, and CR were 

selected based on their higher abundance in urine [45–47].  

Fig. 7 represents the DPV curves of HVA and UA at three different concentration ratios 

(1:4, 1:2 and 1:1 HVA:UA). Fig. S3 shows the baseline-corrected DPV curves of HVA and 

UA. The peak current of HVA increases proportionally with the increasing concentration, 

while the peak current of UA is nearly constant due to its fixed concentration. It can be seen 

that the HVA peak current is visible at a concentration of 50 µM and the resolution between 
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the two compounds is fairly obvious. Thus, showing the ability of Pt/1L-MoS2-F127 to 

simultaneously detect HVA and UA.  

 

Figure 7. DPV curves of HVA and UA in Pt (left) and Pt/1L-MoS2-F127 (right) in 0.1 M PBS 

(pH 7.0) at a fixed concentration of UA (200 µM). 

 

Fig. 8 shows the calibration curves of the peak current of HVA, CR, UR, CA, AA as 

well as UA at different concentrations ranging from 50 – 5000 µM and 50 – 350 µM, 

respectively. The LoD for HVA was calculated using the following formulae: 𝐿𝑜𝐷 =
3𝑠

𝑚
 where 

‘m’ is the slope of the calibration curve of HVA, and ‘s’ is the standard deviation of the three 

current responses measured using three 0.1 M PBS solutions and was found to be 9.76 µM. 

The peak currents of HVA and UA increase proportionally when the concentration increases. 

It also indicates that the peak current of HVA and UA increase rapidly compared to a nearly 

constant current obtained from the other interfering substances. In addition, the calibration 

curves of HVA and UA give similar peak currents at 350 µM, but the resolution between the 

two peaks is quite evident, as shown in Fig. 7. Furthermore, the DPV curves of AA, CA, UR, 

and CR did not show any oxidation peaks around an oxidation potential of 290 mV where HVA 

oxidizes, proving that AA, CA, UR, and CR do not alter the detection of HVA, i.e., these results 
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demonstrate significant selectivity of the sensor to HVA. For instance, by dividing the slope of 

HVA by the one of AA [48], the calculated selectivity of the sensor to HVA is ~six-fold higher 

than that to AA. 

 

Figure 8. Selectivity of Pt/1L-MoS2-F127 towards HVA compared to UA, CA, AA, CR and 

UR.

 

Table 1. Comparison of the response characteristics of different methods for HVA detection. 

Electrode Method 
Linear range (× 10−6 

M) 

LOD (× 10−6 

M) 
Reference 

Pluronic-modified 

MoS2/Pt 
DPV 50-5000 9.76 This work 

Screen-printed DPV 0.8-100 0.24 [49] 

Boron doped diamond DPV 2-100 0.6 [31] 

Composite carbon film DPV 0.8-100 0.1 [50] 

Cu/GC OSWV* _ 0.01 [51] 

MWCNT-PtNPs/GCE DPV 0.2-80 0.08 [27] 

 *OSWV - Osteryoung square wave voltammetry 

 

Table 1. shows the linear calibration ranges and LoD of HVA between different reported 

methods. Although this study reports a higher LoD compared to other work, a much wider 

calibration range, 50 – 5000 µM, was achieved in this work. This may extend potential 
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applications of the sensor to other fields. It is worth mentioning that this study also investigates 

the detection of HVA in the presence of UA which oxidizes near HVA. 

4. Conclusion 

A number of previously reported studies on the electrochemical detection of HVA focused 

mainly on particular interfering compounds, unlike this paper which investigates the detection 

of HVA in the presence of uric acid (UA) using MoS2 combined with Pluronic F127. The 

material was synthesized at large scale using a kitchen blender through the process of 

surfactant-assisted shear exfoliation. TEM and SEM showed consistent and highly dispersed 

2D nanostructures resembling sheets. UV-VIS and Raman spectra showed characteristic 

excitonic transitions of the 2H-polytype MoS2 and phonon modes arising from the in-plane 

opposite vibrations of sulfur/molybdenum atoms and out-of-plane vibrations of sulfur atoms, 

respectively. Moreover, TGA analysis confirmed the presence of pluronic F127 molecules on 

the surface of MoS2 with an approximate weight percentage of ∼ 36 wt% of MoS2. Lastly, XPS 

and XRD measurements were used to confirm the chemical composition of the synthesized 

material. MoS2-F127 was then used for the study of HVA and UA. The as-fabricated sensor 

showed a wide dynamic range of 50 – 5000 μM, acceptable LoD of 9.76 μM, high sensitivity 

towards HVA in the presence of ascorbic acid, citric acid, creatinine and urea, and importantly 

a good resolution between HVA and UA. Finally, the current fabrication procedure of the 

sensor could be extended for making flexible/stretchable sensors. 
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