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A B S T R A C T

A novel and cost-effective electrochemical sensor was developed for the rapid and sensitive detection of 
mesalamine using a nanocomposite of rare earth tungstate incorporated with reduced graphene oxide 
(REW@rGO). The nanocomposite was synthesized and characterized through various analytical and spectro
scopic techniques to confirm its successful formation. The synergetic effect between REW and rGO significantly 
enhanced the electrocatalytic performance, offering a broad linear detection range of 0.01–723 μM a high 
sensitivity of 1.3406 μA μM− 1 cm− 2 and a low detection limit (LOD) of 0.0039 μM The enhanced electron transfer 
rate attributed to the large interfacial area of nanocomposite contributed to the sensor’s superior performance. 
These results demonstrated that the REW@rGO-based sensor is a highly efficient platform for the real-time 
analysis of mesalamine in pharmaceutical and clinical applications.

1. Introduction

Idiopathic ulcerative colitis is an inflammatory chronic disease of the 
colon requiring both acute and long-term medical treatment to induce 
and maintain remission [1]. It is recommended that patients with mild 
to moderate ulcerative colitis be treated with oral mesalazine (5-ami
nosalicylic acid; MLM) formulations (Asacol, Pentasa, Salofalk, Mesasal, 
Claversal), pro-drugs (sulfasalazine, olsalazine, balsalazide) and rectal 
formulations (sulfasalazine, olsalazine, balsalazide). Generally, oral 
MLM agents have shown safety and efficacy for both short-term and 
long-term use. Equal doses of MLM have not been shown to have sig
nificant differences in efficacy [2]. Despite MLM being an amino
salicylate drug that acts locally in the gut and has several effects, many 
of which can be detrimental to health [3,4]. This makes it very 

important to determine MLM accurately on both clinical and pharma
cological levels. Research and development have focused on several 
analytical techniques recently, including colorimetry, mass spectros
copy, capillary electrophoresis, fluorescence sensors, UV spectropho
tometry, electrochemical sensors, and HPLC [5–20]. From these, there is 
the potential for electrochemical methods to offer low costs, simplicity, 
fast response times, and good selectivity and sensitivity among those 
methods. Because of the low sensitivity and small linear range of a bare 
GC electrode, MLM cannot be detected. For this reason, it is imperative 
to develop highly sensitive electrodes for the determination of MLM in 
biological fluids and pharmaceutical samples. Using cobalt stannate/ 
graphene as a sensor, Hwa et al. proposed a technique to measure MLM 
using electrochemical sensors [21]. Pd-WO3 with aerogel as an elec
trochemical sensor, Raj Kumar et al. proposed an amperometric 
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determination of MLM [22]. ZnCr-LDH/tungsten carbide as an EC 
sensor, T Kokulnathan et al. developed a disposable strip to determine 
MLM [23]. Cu-Co bimetallic MOF as a sensor, M Gharagozlou et al. 
prepared a technique to determine MLM [24]. FSO/SO/g-C3N4 as a 
sensor, SM Babulal, et al. developed a hybrid electrocatalyst to deter
mine MLM [25]. Based on the previously reported sensors, a reusable, 
sensitive, efficient, and very low-level detector for MLM is still needed.

It is important to understand that the electrocatalyst material is the 
key component to the electrochemical sensor being able to satisfy 
practical application needs. Several functional materials on the market 
these days include ternary metal oxides (TMOs), such as photocatalysts, 
energy storage materials, biomedical implants, electrochemical sensors, 
and so forth [26]. As a result of their outstanding structural durability, 
complex compositions, strong theoretical capacities, ideal band holes, 
crystallized phases, low charge transfer resistance, fast electron/ion 
transfer, high basic capacitances, and electronic structures, TMOs have a 
wide range of intriguing properties. The rare-earth-based nano
structured metal oxides, particularly tungstate, are a vastly under
studied group of oxides but have drawn a lot of interest due to their 
unique properties. Due to the numerous possible uses for tungstate 
nanoparticles in recent years, such as humidity sensors, optical fiber, 
scintillation detectors, catalysts, solid-state lasers, photoluminescent 
products, microwaves, and photovoltaic electrochemical devices, they 
have become considerably more appealing [27–29]. The higher elec
trical mobility of W atoms (10− 7 to 10− 3 S cm− 1) makes metal tungstate 
nanoparticles an outstanding class of materials [30]. And also in recent 
years, rare earth compounds have attracted substantial attention due to 
their potential application in high-performance electronic components. 
Vanadates, tungstates, and molybdates of the holmium (lanthanide se
ries) have multiple applications due to their electron transitions in the 4f 
shell [31,32]. Holmium has a plays major role in various applications 
like ceramic, glass, and phosphor lamps and also it can able to absorb 
fission bred neutrons [33]. Although HoWO3 is very effective in the 
aforementioned applications due to the synergistic interaction between 
Ho(III) and WO3, one significant limitation is its poor electrical con
ductivity [34]. In our study, we aim to present a new Ho2WO6 as an 
electrochemical sensor for MLM detection for the first time. To over
come the above limitation, carbon-based materials were introduced 
such as carbon nanofibers (CNF), graphene oxide (GO) [35], carbon 
nanotubes, graphitic carbon nitrides (GCNs), reduced graphene oxide 
(RGO), and graphene aerogel (GA) [36–40]. The reason is because of is 
electrically conductive, has unique physical and chemical properties, 
have high strength, high surface area, and fast electron transfer, and are 
very economical [41–43].

Reduced graphene oxide (RGO) has been widely used in the sensor 
industry because of its superior properties, such as high electrical con
ductivity, large surface area, and quick electron mobility [44–49]. Its 
residual oxygen functionalities allow easy integration with metal oxides 
or biomolecules, forming stable hybrid composites with synergistic ef
fects. [50–52] Increasing the active surface area significantly increases 
the number of adsorptive sites, which results in improved sensor per
formance [53]. In addition to electrode fouling, researchers tried to 
reduce the sensitivity of the nanomaterial by using Nafion as a binder, 

instead, they used RGO as a binder to manufacture highly sensitive 
modified electrodes [45].

We synthesized an electrochemically detectable holmium-nanoplate- 
encapsulated RGO nanosheet (Ho2WO6/RGO) utilizing the hydrother
mal method followed by the ultrasonication method. To characterize our 
newly designed Ho2WO6/RGO nanomaterial, several spectroscopic ap
proaches have been used. For the electrochemical performance of 
Ho2WO6/RGO/GCE towards CV, DPV methodologies were used. 
Ho2WO6/RGO demonstrated outstanding electrocatalytic activity, 
strong conductivity, and a large surface area. We developed a sensor that 
is sensitive, selective, and stable for detecting MLM. Additionally, the 
Ho2WO6/RGO/GCE determination of MLM was successful in a human 
urine and water sample using an appropriate recovery rate.

2. Experimental section

2.1. Chemicals and reagents

Holmium (III) nitrate pentahydrate (Ho(NO3)3 5H2O), sodium 
tungstate dihydrate (Na2WO4.2H2O), urea, Ethylene glycol, sodium 
phosphate monobasic, hydrochloric acid (HCl, 36.5–38.0 %), sodium 
phosphate dibasic, potassium chloride (KCl, 99.0–100.5 %), potassium 
ferrocyanide K4[Fe(CN)6], Sodium hydroxide (NaOH), potassium ferri
cyanide K3[Fe(CN)6], Mesalamine were purchased from Sigma Aldrich 
and used without further purification. PB solution was prepared by 
mixing Na2HPO4 and NaH2PO4 with double distilled water (DI) 
throughout the experiment. Ethanol was used to prepare the stock 
solution.

2.2. Preparation of Ho2WO6/RGO composite

The materials used for the synthesis were mentioned detailly in 
supplementary section (SI). The nanocomposite Ho2WO6/RGO was 
organized by the facile hydrothermal method. In this typical procedure, 
stoichiometric ratio of Ho(NO3)3.6H2O and Na2WO4.2H2O were dis
solved separately in 30 mL of DI H2O. Then, 0.6 g of urea was dissolved 
in 30 mL of DI H2O followed by the addition of 0.8 g of graphene oxide 
(GO), and the mixture was stirred for approximately 30 min. After that, 
the suspension was moved to a Teflon-lined autoclave and kept at 180 ◦C 
for 12 h. After the Teflon was cooled to room temperature and the ob
tained precipitate was washed with DI water and ethanol centrifuged at 
6000 rpm for 15 min. Finally, the resultant product was dried. Hence the 
product was labelled as Ho2WO6/RGO. For the comparative study, the 
similar procedure was followed without adding RGO. A graphical 
illustration of synthesis of Ho2WO6/RGO was depicted in Scheme 1.

2.3. Electrochemical study

Three-electrode cell setups were used for the whole electrochemical 
investigations. Each experiment was repeated thrice and used an excel 
sheet to calculate the standard deviation value. The EIS experiment was 
carried out in a 0.1 M KCl solution containing 5 mM [Fe (CN)6]3− /4− (FC 
system). The 0.1 M PB was used for the CV and DPV.

Scheme 1. Graphical representation of synthesis procedure of Ho2WO6/RGO.
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2.4. Characterization

The prepared nanocomposite’s crystallinity was investigated using 
powder X-Ray diffraction (PXRD, XPERT-PRO, PAN analytical B.V., The 
Netherlands) and the diffractometer with Cu Kα radiation (k = 1.54 Å). 
The structural morphology of the as-synthesized material was captured 
by Field emission scanning electron microscopy (FE-SEM, Hitachi S- 
3000H) and Transmission scanning microscopy (HRTEM, H-7600, 
Hitachi, Japan). The elemental percentage and the chemical composi
tion were investigated by using energy dispersive X-ray (EDX) affiliated 
with the FE-SEM. The data of the Raman spectrum was collected from 
the Micro-Raman spectrometer (Raman Dong Woo 500 I, Korea). The 
chemical and valence states of the composite were examined by X-ray 
photoelectron spectroscopy (XPS, Thermo ESCALAB 250). The electro
catalytic activity of the as-prepared nanocomposite was analyzed by 
cyclic voltammetry in CH instrument Company, USA. The three- 
electrode system used Glassy carbon electron (GCE) (working area =
0.071 cm2) as a working electrode, Ag/AgCl (saturated KCl) as a refer
ence electrode, and a platinum wire as a counter electrode. The CV 
studies were carried out in N2 saturated (0.1 M PB, pH − 7.0) with a scan 
rate of 50 mVs− 1, which is the optimum condition for this entire study.

2.5. Fabrication of Ho2WO6/RGO/GCE

As prepared Ho2WO6/RGO has dispersed (3 mg/ml) in DI water 
through ultrasonication for about 1 h. Before the fabrication, GCE was 
cleaned using alumina powder and thoroughly washed with water, and 
ethanol to obtain a well-cleaned GCE. The dispersed catalyst was used to 

fabricate the bare GCE and used for the investigation of electrochemical 
experiments. The average loading of Ho2WO6/RGO on GCE is 0.253 mg 
cm− 2, calculated from the below equation, The corresponding loading 
on the electrode surface was: 

Loading =
m

Ageo
=

0.018 mg
0.071 cm2 ≈ 0.254 mg\cm− 2 

Ageo stands for the geometric area of the working electrode (in cm2), 
m (C*V) refers to the mass of the deposited modifier (mg) on the elec
trode surface. Thus, the average loading of Ho₂WO₆/RGO on GCE is 
0.254 mg⋅cm− 2.

3. Result and discussions

3.1. Characteristics of Ho2WO6/RGO

The crystal structure of the synthesized Ho2WO6, RGO, and 
Ho2WO6/RGO was characterized by X-ray photoelectron spectroscopy. 
XRD spectra of Ho2WO6, RGO, and Ho2WO6/RGO were depicted in 
Fig. 1a. Evidently, the diffraction peaks of HoWO4 were indexed at 2Ɵ 
values at 18.9, 28.7, 29.4, 31.7, 34.7, 47.7, 49.02, 50.4, and 54.5belongs 
to the planes (− 111), (221), (− 131), (− 331), (600), (− 242), (− 730), 
(− 550) and (261) which indicated the crystallinity of the Ho2WO6 
(JCPDS. No: 00-025-1409). In the XRD spectra of Ho2WO6/RGO, the 
existence of peaks of Ho2WO6 was found whereas the peak of RGO was 
not found due to the high intensity of Ho2WO6. The average crystalline 
size of the Ho2WO6/RGO was calculated by using the Debye Scherrer’s 
formula as 8.76 nm. 

Fig. 1. (a) XRD spectra of Ho2WO6, RGO, Ho2WO6/RGO and (b) Raman spectrum of Ho2WO6, Ho2WO6/RGO.

Fig. 2. (a, b) FESEM images of Ho2WO6, TEM images of (c, d) Ho2WO6, (e) RGO, (f, g) Ho2WO6/RGO.
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D =
Kλ

βcosθ
(1) 

Raman spectroscopy is widely used for the characterization of carbon 
materials. The presence of RGO in the composite Ho2WO6/RGO was 
confirmed by Raman analysis. Fig. 1b depicts the Raman spectra of 
Ho2WO6, Ho2WO6/RGO. The estimated ID/IG value for RGO was 
calculated to be 0.84, and for Ho2WO6/RGO was calculated to be 0.85. 
The value of the disorder degree for Ho2WO6/RGO was higher than 
Ho2WO6 which proves the synthesized material had more defects and 
loss of sp2 domains. The successful formation of Ho2WO6/RGO was 
confirmed.

The morphology of the Ho2WO6 and Ho2WO6/RGO was experi
mented with using FE-SEM and HR-TEM. As shown in Fig. 2(a, b), the 

Ho2WO6 exhibits a nanoplate-like structure. Also, the HRTEM image 
displayed in Fig. 2(c, d) shows a plate-like structure similar to the 
FESEM image. A wrinkled and sheet-like structure of RGO was depicted 
in Fig. 2(e). Fig. 2(f, g) outlines that the nanoplate-like Ho2WO6 gets 
wrapped over the surface of RGO. The agglomeration of the Ho2WO6 
was prevented in the composite and it will be beneficial for the sensor 
detection of MLM. The results demonstrated the successful synthesis and 
good interaction between the Ho2WO6 and RGO. In addition, the 
elemental mapping in Fig. 3 displays the homogeneous distribution of 
Ho, W, O, and C components. Fig. 3a displays the overall mapping, and 
Fig. 3(b–e) displays the individual distribution of elements holmium, 
tungsten, oxygen, and carbon. Fig. 3f displays the SAED pattern of 
Ho2WO6/RGO composite which specifies the crystallinity of the 

Fig. 3. EDX mapping images of (a) overall mapping, (b) Ho (green), (c) W (yellow), (d) O (blue), (e) C (red), (f) SAED pattern of Ho2WO6/RGO, (g) HR-TEM images 
of Ho2WO6/RGO.

Fig. 4. XPS spectra of Ho2WO6/RGO (a) overall survey spectra, high-resolution spectra of (b) Ho, (c) W, (d) O, and (e) C.

S. Ruspika et al.                                                                                                                                                                                                                                 Chemical Engineering Journal 525 (2025) 170196 

4 



synthesized material. Fig. 3g displays the HRTEM image of the Ho2WO6/ 
RGO having a lattice distance of 0.3347 nm. The Ho2WO6/RGO was 
synthesized successfully, and the Ho2WO6 gets connected to the RGO via 
a synergetic effect.

The chemical composition of the prepared Ho2WO6/RGO was 
analyzed using X-ray photoelectron spectroscopy (XPS). Fig. 4a depicts 
the full survey spectrum of Ho2WO6/RGO and shows the peaks for Ho, 
W, O, and C demonstrating the existence of those elements. In Fig. 4b, 
the peaks of Ho splits into two as 165.2 and 163.7 eV belongs to 4d3/2 
and 4d5/2 [54]. The 4f5/2 and 4f7/2 of W were located at 38.3 and 36.1 eV 
respectively [55]. In the spectrum of O 1s, the peaks were at 531.0, 
530.2, and 528.8 eV, whereas the peak at 531.07 eV corresponds to the 
C––O, and the peaks at 531.0 and 530.2 belong to the Ho–O or W–O 
respectively [37]. The appearance of peaks at 287.0, 285.9, and 284.6 
eV corresponds to the C––O, C–O––O, and C–C respectively [37]. 
These peaks strongly validate the existence of Ho, W, O, and C in the 
prepared composite by enumerating the peaks in the position.

3.2. Electrochemical characterization of the Ho2WO6/RGO/GCE

3.2.1. Electrochemical impedance and kinetics investigation
EIS analysis is conducted to identify the conductive nature of 

Ho2WO6-based modified working electrodes and bare GCE. The EIS 
experiment is performed under [Fe(CN)6]3− /4− (5 mM concentration) in 
the presence of potassium chloride (0.1 M concentration) with 0.1–100 
KHz frequency (I = 10 mV). Fig. 5 shows the obtained EIS plots for 
Ho2WO6/RGO/GCE (pink), RGO/GCE (blue), Ho2WO6/GCE (yellow), 
and bare GCE (green). The corresponding Randles -circuit model 

involved in EIS studies is shown as an inset in Fig. 5, Rs is an electrolyte 
resistance, Rw is Warburg impedance and Cdl denotes double-layer 
capacitance. Upon comparing with bare, Ho2WO6, and RGO/GCE, the 
Ho2WO6/RGO/GCE displayed a small semi-circle which shows a lower 
resistance at a higher frequency and expresses superior charge transfer 
capability. This is mainly because of the rapid charge transfer between 
Ho2WO6 and RGO in the working electrode. The Rct value of Ho2WO6/ 
RGO/GCE, RGO/GCE, Ho2WO6/GCE, and bare GCE are as follows 
74.93, 110.52, 237.68, and 265.74 Ω.

Fig. 5(b) showcases the detailed CV current responses of bare and 
other modified working electrodes (Ho2WO6/RGO, RGO, Ho2WO6/ 
GCE). The accumulation of ions and charges appearing in the 
electrolyte-electrode interface is predominantly due to the large surface 
area of Ho2WO6/RGO/GCE than other modified electrodes. The highest 
redox current response was obtained for Ho2WO6/RGO/GCE, than the 
others, which showed the lowest peak current values. This study proves 
that Ho2WO6/RGO/GCE exhibits superior electrical conductivity and 
active surface area, further it was calculated using Eq. (1). 

Ip =
(
2.69× 105)n3/2D1/2Aʋ1/2C (2) 

Eq. (1) represents the Randles-Sevcik equation which is used to es
timate the Electrochemically Active Surface Area of modified electrodes 
under the increasing scan rate conditions from 20 to 300 mVs− 1 

(Fig. 5c). The Randles–Sevcik equation confirms a larger electroactive 
surface area, while the 4f electron transitions of Ho3+ contribute to 
enhanced charge transfer. Fig. 5d shows the linear relationship between 
the square root of the scan rate and redox peak currents. The results 
show that Ho2WO6/RGO/GCE exhibits higher cathodic to anodic peak 

Fig. 5. (a) EIS Nyquist plots for modified electrodes (b) obtained CV current response for unmodified and modified electrodes at a scan rate 50 mVs− 1, (c) CV curves 
of Ho2WO6/RGO/GCE at different scan rates, (d) linear plot vs different scan rates. And these all experiments were performed in 0.005 M [Fe(CN)6]3− /4− with 0.1 M 
KCl solution.
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current values. This is due to the rapid redox reaction on the surface of 
Ho2WO6/RGO/GCE. The estimated EASA values for Ho2WO6/RGO/ 
GCE, RGO/GCE, Ho2WO6/GCE, and bare GCE are as follows: 211, 208, 
163, 156 cm2. Among them, Ho2WO6/RGO/GCE displayed a superior 
value, proving its enhanced electrocatalytic activity, which is ideal for 
the sensing of MLM.

3.2.2. Different loading amounts
Ho2WO6/RGO/GCE catalyst loading optimization studies have been 

conducted in the presence of MLM and its corresponding CV responses 

are shown in Fig. 6a. It is evident that 6 μL/mg displayed a higher peak 
current than other modified electrodes. This results in an expanded 
electroactive surface area and enhanced electron transfer pathways. 
However, excessive loading can lead to particle clustering, which may 
obscure active rGO sites and reduce conductivity, conversely, insuffi
cient. The respective bar graph showing the peak current responses 
corresponding to the loading amount is shown in 6b. Table.S1 represents 
the average loading amount of the Ho2WO6/MCT on the GCE surface.

Fig. 6. (a) CV plot for 100 μM of MLM in N2 saturated 0.1 M PBS at a scan rate of 50 mV/s using different loading amounts of Ho2WO6/RGO/GCE, (b) corresponding 
bar diagram of current response of different loading amounts.

Fig. 7. (a) CV response of Ho2WO6/RGO/GCE for MLM detection at different pH using 100 μM of MLM in N2 saturated 0.1 M PBS at a scan rate of 50 mV/s, (b) 
dependence plot of current response for different pH, (c) CV response of MLM detection for different modified electrodes using 100 μM of MLM in N2 saturated 0.1 M 
PBS at a scan rate of 50 mV/s, (d) bar diagram of current response of different modified electrodes.
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3.2.3. Effect of pH on MLM detection
The reaction effect of pH during the electrochemical sensing of MLM 

is investigated through CV analysis by altering the pH values from 3 to 
11 upon the addition of 100 μM MLM. Fig. 7a shows the obtained CV 
signals of MLM during different pH conditions. It is evident from the 
data that when the pH increases, a shift in the peak potentials of MLM is 
witnessed. It is due to the activity of protons during the MLM electro
chemical oxidation, an aromatic amine and hydroxyl functional group, 
which undergoes electrochemical oxidation. At the optimised pH 7.0 
Fig. 7b, the amino group of MLM is oxidised to form a quinone-imine 
structure via a two-electron and two-proton transfer process. The 
enhanced electrocatalytic activity of the Ho₂WO₆/RGO nanocomposite 
arises from several factors, the Ho3+ centers promote electron transfer 
through their 4f orbital interactions; the WO₆ moieties provide redox- 
active sites that catalyze oxidation; and the RGO sheets increase the 
electroactive surface area, minimize nanoparticle agglomeration, and 
facilitate rapid charge transport. The observed pH-dependent shift in 
oxidation potential (as shown in Fig. 7) confirms the involvement of 
protons in the redox reaction. Scheme 2 has been added to visually 
represent the oxidation pathway of mesalamine [21].

3.2.4. Effect of different modified electrodes
The electrochemical performance of bare and modified GCE 

(Ho2WO6/RGO/GCE, RGO/GCE, Ho2WO6/GCE, bare GCE) in the pres
ence of MLM 100 μM under 0.1 M PBS condition is investigated. It is 
displayed in Fig. 7c. In the experiment, bare electrode GCE exhibited the 
lowest peak current Ipa owing to low surface area and slow mobility of 
charge carriers. On the other hand, Ho2WO6/RGO/GCE showed the 
highest peak current for MLM proving its superior electrocatalytic per
formance and enhanced surface area. The highest peak current for 
Ho2WO6/RGO/GCE is due to 2 primary reasons. 1: Agglomeration of 
Ho2WO6 is reduced drastically at it is distributed on either side of RGO 
in the composites 2: The electrocatalytic property of RGO is boosted by 
Ho2WO6 nanostructures as they have strong electrostatic interaction and 
synergistic communication. This ultimately results in rapid charge 
transfer and aids in the high-performance detection of MLM. Fig. 7d 
represents the bar diagram for the current response of the different 
modified electrodes.

3.2.5. Effect of concentration and scan rate
The CV signals for Ho2WO6/RGO/GCE in the presence of varying 

concentrations of MLM from 20 to 100 μM under the 0.1 M PBS pH 7 
conditions with a constant scan rate of 50 mVs− 1 (Fig. 8). The results 
indicate that the oxidation peak current increases periodically upon 
increasing the concentration of MLM. The relationship between the 
oxidation peak current values and MLM concentrations is linear as seen 
in Fig. 8b, and R2 = 0.9981 is also shown. To further prove the enhanced 
electrocatalytic kinetic property of the prepared Ho2WO6/RGO/GCE for 
the electrochemical detection of MLM, CV studies are done. The CV 
responses using Ho2WO6/RGO/GCE for the varying scan rate from 20 to 
300 mVs− 1 in the presence of MLM (Fig. 8c). The linear increase in peak 

Scheme 2. Electro-oxidation mechanism of MLM.

Fig. 8. a) CV response of Ho2WO6/RGO/GCE using different concentration of MLM in N2 saturated 0.1 M PBS at different concentrations, (b) corresponding linear 
plot of MLM concentration, (c) CV response of Ho2WO6/RGO/GCE using 100 μM of MLM in N2 saturated 0.1 M PBS at scan rate (20 mV/s–300 mV/s), (d) cor
responding linear plot for scan rate vs current.
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current is witnessed as the scan rate increases and it is shown in a linear 
graph between the scan rate Vs. current with R2 = 0.9941 (Fig. 8d). The 
electro-catalytic redox reaction that MLM goes through over the 
Ho2WO6/RGO/GCE electrode is an adsorption-controlled electrode 
process.

3.2.6. DPV investigation for the MLM sensing
Furthermore, to investigate MLM sensing in low concentrations, 

differential pulse voltammetry (DPV) analysis is adopted. Varying con
centration from low to high of MLM is introduced into 0.1 M PBS and its 
responding DPV signals are displayed in Fig. 9a. DPV measurements for 
Mesalamine detection were performed using the following conditions: 

initial potential − 0.1 V, final potential 0.6 V, pulse width 0.05 s, and 
pulse period 0.2 s. These parameters were applied consistently 
throughout the study and provided stable and reproducible analytical 
responses. Peak current (Ipa) periodically increased upon increasing the 
concentration of MLM from 0.01 to 723 μM. The linear relationship 
between the peak current and concentration of MLM is shown in Fig. 9b 
with R2 = 0.9681. From this investigation, we can clearly understand 
the superior electrocatalytic activity of Ho2WO6/RGO/GCE. The esti
mated LOD (3 S/Q: S-standard deviation, q-slope value from the cali
bration plot) for the proposed electrochemical sensor is 0.0039 μM. 
Then the sensitivity is estimated to be 1.3406 μA μM− 1 cm− 2. In regard 
to this impressive Ho2WO6/RGO/GCE performance, they can be rec
ommended for real-time analysis. Table 1 shows the proposed sensor 
performance with other reported literature for MLM detection.

3.2.7. Interference studies
To evaluate the selectivity of the Ho₂WO₆/RGO/GCE sensor, an 

interference study was conducted using DPV in 0.1 M PBS (pH 7), with 
all tests performed at 1 μM MLM and 100 μM concentrations of potential 
interferents, in accordance with the reviewer’s suggestion. The inter
fering species included biologically and clinically relevant compounds 
such as lactose (LS), vitamin B3 (V3), L-lysine (LLS), L-glutamine (LGT), 
L-alanine (LAL), Ca2+, Na+, Cl− , CO₃2− , uric acid (UA), urea, ammonia, 
glucose, lactate, and Fe3+. As shown in Fig. 9c and d, no significant 
overlapping peaks or current changes were observed in the presence of 
these interferents, indicating minimal interference with the MLM signal. 
These results confirm the excellent selectivity and practical reliability of 
the Ho₂WO₆/RGO/GCE sensor for mesalamine detection, even under 
realistic biological conditions with high interferent concentrations.

Fig. 9. (a) DPV response of Ho2WO6/RGO/GCE for the different concentration of MLM detection at an increasing concentration in N2 saturated 0.1 M PBS at a scan 
rate of 50 mV/s, (b) linear plot of Ho2WO6/RGO/GCE for current response against increasing concentration, (c) DPV response of Ho2WO6/RGO/GCE at different 
interfering reagents, (d) bar diagram for the current response of different interfering compounds.

Table 1 
Summary of linear range, LOD of Ho2WO6/RGO/GCE for detection of MLM 
compared with the previously reported results.

Electrodes Linear range (μM) LOD 
(μM)

Method References

PCR-CPE 80–200 0.112 CV [56]

Co2SnO4/rGO 0.029–5.78, 
15.69–1326.07

0.0049 DPV [21]

Co/Cu-BTC@SiO2 0.05–200 0.01 DPV [24]
FSO/SO/g-C3N4/GCE 0.05–1749.4 0.0075 DPV [25]
ds-DNA/PPy/SL-C/ 

La3+-doped CuO/ 
PGE

0.03–100 0.009 DPV [57]

GO/MIP/GCE 2–20, 20–150 0.97 DPV [5]
ZIF-67/CPE 0.03–50 0.01 DPV [58]
CNTs-N/GCE 0.05–2.5 0.012 AdSWV [19]
Ho2WO6 / RGO / 

GCE 0.01–723 0.0039 DPV This work
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3.2.8. Repeatability, reproducibility, and stability
Some important properties like sensor repeatability, reproducibility, 

and stability are investigated before probing for real-world samples. All 
these properties are investigated using the DPV technique. For the 
repeatability studies, Ho2WO6/RGO/GCE is analyzed in a 0.1 M PBS pH 
7 system with the inclusion of 100 μM of MLM. Four consecutive DPV 
runs were performed using Ho2WO6/RGO/GCE for MLM detection and 
are presented in Fig. S2a. As it is clear from the investigation, there is no 
peak current loss even after the four runs (Fig. S2d). The RSD value was 
calculated to be 1.52 %, which indicates the sensor possesses good 
repeatability. A similar experiment is performed for reproducibility 
studies with five freshly modified electrodes with Ho2WO6/RGO, and it 
is shown in Fig. S2b. Only a negligible peak current reduction is seen for 
the five electrodes (Fig. S2b), and this proves Ho2WO6/RGO/GCE sensor 
is reproducible for MLM sensing. The RSD value was calculated to be 
1.14 %, which indicates the sensor possesses excellent reproducibility. 
Finally, storage stability studies are done to understand the durability of 
fabricated Ho2WO6/RGO/GCE. Through DPV analysis, studies are con
ducted similar to repeatability and reproducibility. For the period of 12 
days, the stability studies are done and are shown in Fig. S2c. From this 
analysis, we can understand that till 20 days, there was only very min
imal current loss with an RSD of 1.43 % and proven superior stability of 
the Ho2WO6/RGO/GCE for MLM sensing.

3.2.9. Real sample analysis
To evaluate the practical applicability of the fabricated Ho₂WO₆/ 

RGO/GCE sensor, differential pulse voltammetry (DPV) was performed 
on real samples including human blood serum and urine. Blood serum 
was collected approximately 3 h after oral administration of mesal
amine, corresponding to its expected peak plasma concentration (~3 
μM). Both serum and urine samples were diluted 20-fold with 0.1 M PBS 
(pH 7.0) prior to analysis. This dilution was essential to (i) bring 
mesalamine concentrations within the linear detection range of the 
sensor, and (ii) minimize matrix effects that could interfere with elec
trochemical measurements. Blank DPV scans of the diluted serum and 
urine confirmed no significant interfering peaks at the oxidation po
tential of mesalamine (Fig. S3a, b). Standard additions of mesalamine 
were performed in 5–15 μM increments up to 5 μM, reflecting physio
logically relevant levels. The corresponding DPV signals (Fig. S3a, b) 
exhibited clear, concentration-dependent responses. For validation, the 
sensor results were cross-checked with a standard HPLC method, and 
comparative data are presented in Table 2. The statistical analysis 
demonstrates that for blood serum samples, there was no significant 
difference between the DPV and HPLC results (p > 0.05), confirming 
strong agreement between the two analytical methods (Table S1). For 
urine samples, the t-test revealed a statistically significant difference (p 
< 0.05), though the F-test indicated no significant variance difference (p 
> 0.05), implying comparable precision between both techniques. The 
slightly higher values observed in the DPV method can be attributed to 
its superior electrochemical sensitivity and higher surface-active sites of 
the Ho₂WO₆/RGO electrode rather than systematic bias. These findings 
confirm that Ho2WO6/RGO/GCE offers reliable, sensitive, and selective 
detection of mesalamine in real biological matrices.

4. Conclusion

In this study, we prepared a novel rare earth metal tungstate 
composed of Ho2WO6/RGO via a hydrothermal route for the electro
chemical sensor detection of MLM. The resulting Ho2WO6/RGO was 
characterized by various methods and used as a promising catalyst in 
electrochemical sensing. Owing to its enhanced electrochemical prop
erties, they show a low LOD of 0.0039 μM, a wide linear range of 
0.01–723 μM. These satisfactory results were due to the synergetic effect 
between the Ho2WO6 and RGO, which enhances the fast electron 
transfer ability. Thus, the developed sensor exhibits good stability, 
better sensitivity towards MLM detection, and easy synthesis. Accord
ingly, the tremendous recovery results of MLM in real samples show an 
excellent ability towards practical applicability. This research provides 
real-time applications and cost-effectiveness for the MLM with high 
sensitivity, selectivity and anti-fouling properties. This material and 
detection strategy hold strong potential for translation into next- 
generation, real-time analytical and biomedical sensing applications.
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Table 2 
MLM determination spiked in blood serum and human urine.

Real sample Added (μM) Found (μM) HP-LC spectroscopy Recovery (%) RSD (%)

DPV HPLC DPV HPLC

Blood serum 5 4.90 4.72 98 96.1 1.17 2.22
10 9.89 9.36 98.9 97.7 1.32 2.46
15 14.99 14.21 99.9 98.1 1.52 2.38

Human urine 5 4.99 4.31 99.8 95.32 1.47 1.62
10 9.96 9.52 99.6 96.23 1.36 2.43
15 14.99 14.42 99.9 97.71 2.85 3.31
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