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Abstract- An advanced electrochemical biosensor has been developed to measure the amount 

of urea in biological fluids accurately using CoFe2O4 nanoparticles modified with Gelatin-

hydroquinone deposited on the glassy carbon electrode. This sensor uses cobalt ferrite as a core 

material that has been analysed using X-ray diffraction (XRD) and scanning electron 

microscopy (SEM). The sensor has a Gelatin-hydroquinone layer that allows it to detect urea 

at trace levels. in this study, it has been confirmed that the electrochemical method using this 

modified electrode is significantly more sensitive than the UV-visible method. The limit of 

detection (LOD) obtained utilizing the modified Berthelot reaction was 6.66 mM, while the 

LOD obtained using CV at the CFO/Gelatin-hydroquinone modified GCE was 0.52 mM. This 

confirms that the electrochemical method using this modified electrode is significantly more 

sensitive than the UV-visible method. The CFO/Gelatin-hydroquinone composite material 

effectively acted as an efficient electrocatalyst for the oxidation of urea and other molecules. 
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1. INTRODUCTION  

Urea, also recognized by its chemical moniker carbamide and represented by the molecular 

formula CO(NH2)2, is a byproduct of protein catabolism in humans. It serves a vital function 

in averting acidosis or ionic imbalance stemming from the presence of NH4
+ [1]. Under typical 

physiological conditions, urea circulates within the bloodstream at concentrations fluctuating 

between 15 to 40 mg/dL (2.5–7.5 mM) [2]. The quantification of urea is of paramount 

importance in clinical diagnostics, as it serves as a primary indicator of the functional status of 

the liver and the kidneys, as well as a critical marker of the efficacity of hemodialysis 

treatments [3]. As known, the urea concentrations surpassing 6.7 mmol/L in blood and 333 

mmol/L in urine are indicative of compromised kidney and liver functionality. Therefore, the 

development of a simplistic yet effective sensor for urea measurement has garnered immense 

research interest. Among various quantification techniques, electrochemical methods stand out 

due to their rapid operation, exceptional selectivity and sensitivity, and notably low detection 

thresholds [4,5]. For instance, electrodes incorporating cobalt-based electrocatalysts have been 

successfully implemented for urea detection [6,7]. Ferrite nanoparticles, typified by the 

formula MB2O4, where ‘M’ denotes a divalent metal like Cu2+, Ni2+, Zn2+, Mn2+ and Co2+ [8]. 

They have garnered attention across a spectrum of applications, ranging from industrial to 

medical domains, owing to their pronounced anisotropy, resistance to oxidation, magnetic 

properties, chemical stability, and mechanical robustness [9,10]. Hydroquinone, a compound 

with widespread applications in industries like textiles, pharmaceuticals, dyes, oil refineries, 

and cosmetics [11,12], is paired with Gelatin; a natural polymer derived from the hydrolysis of 

collagen found in animal skin, bones, tendons, and ligaments [13,14]. This study presents the 

synthesis of cobalt ferrite (CoFe2O4), nanoparticles via the sol-gel citrate method, followed by 

the surface modification with Gelatin-hydroquinone. The functionalization process involved 

the use of glutaraldehyde to prepare the nanoparticle's surface for immobilization. 

Comprehensive characterization of the ferrite nanoparticles, both pre and post-modification, 

was conducted using XRD and SEM techniques. cyclic voltammetry (CV) and electrochemical 

impedance spectroscopy (EIS) were employed as electrochemical techniques. The findings 

have shown that the as-prepared ferrites adjusted with Gelatin-hydroquinone exhibited 

promising capabilities for urea detection, with a marked enhancement in peak current values 

in comparison to the unadopted ferrite nanoparticles. 

 

2. EXPERIMENTAL SECTION 

2.1. Chemicals and reagents 

A suite of precursors including Co(NO3)3⋅6H2O (≥ 99%), Fe(NO3).9H2O (≥ 98%), citric 

acid (C6H807/H2O) (≥ 98%), ferricyanide K3[Fe(CN)6] and ferrocyanide K4[Fe(CN)6] (≥ 99%), 

urea (≥ 99.5%), hydroquinone (≥ 99%), gluteraldehyde (25%), THF(C4H8O) (≥ 99.9%), were 

sourced from Biochem and Sigma. These analytical-grade reagents were used without 

additional purification. The preparation of all aqueous solution samples was meticulously 
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performed using de-ionized water to ensure the highest degree of purity and consistency in the 

experimental procedures. 

 

2.2. Synthesis of CFO nanoparticles  

The nanoparticles of cobalt ferrite (CoFe2O4) were crafted using a sol-gel citrate technique 

that is notably uncomplicated [15-19]. The primary inorganic precursors were solubilized in 

distilled water, combined, and then put on a heated plate. Citric acid was introduced as a 

chelating agent while the mixture was stirred at 75 to 85°C until it thickened into a gel. By 

escalating the temperature to 120°C, a fluffy black substance will be obtained and then reduced 

on powder. This resultant powder underwent a tiered heat treatment in a muffle furnace; 

initially at 300°C for one hour, followed by 500°C, and culminating at 850 C° for four hours 

to produce the final powder. The nanomaterial was thus readied for investigation. 

 

2.3. Assembly of electrode 

The modified electrode was produced through multiple steps. Firstly, the GCE was polished 

with 0.05 μm alumina powder and rinsed with ethanol to remove surface contaminants. Next, 

the GCE underwent CV in 0.1 M PBS at 150 mV/s for 20 cycles within a potential range of -

0.8 to 1 V. Following this, the GCE surface was modified with CoFe2O4, by taking a volume 

of 5 µL of a mixture prepared by combining a minute quantity of CoFe2O4 (0.1 mg) with 1 

milliliter of tetrahydrofuran (THF), which was then subjected to ultrasonication for 15 minutes. 

After that, the Gelatin-hydroquinone polymer was prepared by blending 2 mL of hydroquinone 

and 2 mL of Gelatin. The Gelatin-hydroquinone was attached to CFO/GCE by cross-linking 

method immersing the CFO/GCE in 2 mL of PBS with 5 μL of glutaraldehyde at 25% and 5 

μL of Gelatin-hydroquinone polymer for 2h at room temperature. The resulting Gelatin-

hydroquinone/CFO/GCE biosensor was then saved in PBS at 4°C for other analytical assays. 

 

2.4. Electrochemical instrumentation, performance evaluation, and measurement 

techniques 

Measurements of electrochemical experiments were conducted at room temperature using 

a Solartron potentiostat/galvanostat controlled by dedicated software. A three-electrode setup 

was employed, consisting of a modified glassy carbon electrode (GCE, 0.3 mm diameter) as 

the working electrode, a platinum (Pt) counter electrode, and a saturated calomel electrode (The 

SCE served as the reference electrode. Before measurement, the WE was immersed in the test 

solution at room temperature for 15 minutes to ensure a stable open-circuit potential and 

optimize urea adsorption. Subsequently, the potential was scanned from −0.4 V to +0.85 V (vs. 

SCE) at various scan rates in 0.1 mmol/L  PBS )pH 7.0), containing urea concentrations ranging 

from 0.1 mg/mL to 1.5 mg/mL. Cyclic voltammetry (CV) was also used to determine the 



Anal. Bioanal. Electrochem., Vol. 17, No. 2, 2025, 173-189                                                               176 

electrode surface area in a solution of 3 mmol/L [Fe(CN)₆]³⁻/⁴⁻ and 0.1 mmol/L PBS as the 

supporting electrolyte. EIS data were assembled over a frequency range from 10⁵ to 10⁻² Hz. 

All experiments were performed at 25°C [20]. 

 

3. RESULTS AND DISCUSSION 

3.1. X-ray diffraction analysis (XRD)  

Through XRD measurements and subsequent Rietveld refinement, as illustrated in Figure 

1, the phase and structural properties of the synthesized cobalt ferrite nanoparticles (CFO) were 

confirmed. The XRD revealed a cubic structure for CoFe2O4, which aligns with the Fd3m space 

group, as verified by the Rietveld refinement process [2]. The structural parameters and the 

refinement process were conducted using the Jana 2006 software [20]. 

 

Figure 1. X-ray diffraction of the CFO powders 

 

The XRD analysis revealed distinct peaks for the crystal planes (111), (220), (311), (222), 

(400), (422), (511), and (440) planes were obtained at 18.3°, 30.22°, 35.5°, 37.26°, 43.14°, 

53.69°, 57.21°, and 62.55° (JCPDS card no. 22–1086) for pure CoFe2O4 [21-23]. The lack of 

additional peaks suggests that the nanomaterials prepared are highly pure and crystalline. 

Scherrer’s equation yielded a mean crystallite size for the CoFe2O4 phase of 50.31 nm [23].  

The lattice constant measured from the XRD analysis was 0.836592 nm as shown in Table 1, 

which verifies the spinel structure in the sample being analyzed which is very similar to the 

results of anterior studies [24,25]. 

 

Table 1. Crystallographic parameters of the synthesized CFO nano-particles 

 
Materials Lattice parameters (S.G )  

a=b=c 

α = β = γ Volume (Å3) References 

CFO 8.37 (A°) 90° 585.52 This work 

CoFe2O4 8.26 (A°)  90° 563.56 [24] 

CFO 8.37(A°) 90° 586.97 [25] 
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3.2. Scanning electron microscopy analysis (SEM)  

The FE-SEM analysis explored the morphological features of the pure CoFe2O4. The 

synthesized CoFe2O4 nanoparticles as depicted in Figure 2, exhibit an agglomerate-like 

nanosheet morphology [26]. The electrode’s structure revealed porosity, along with well-

defined crystallinity and a uniform distribution [27]. Additionally, the material demonstrates 

multiscale porosity, which enhances its electrocatalytic performance for increasing the specific 

surface area [28,29] and thereby enhancing the diffusion of urea through the modified 

electrode’s pores over a period of five seconds. Additionally, the material exhibits multiscale 

porosity, which enhances its electrocatalytic performance by increasing the specific surface 

area [28,29] and thereby promoting the diffusion of urea through the electrode pores. 

 

 

Figure 2. SEM image of CFO nanomaterial (scale bar = 2 μm) 

 

3.3. Electrochemical investigation of CFO and CFO/Gelatin-hydroquinone modified 

electrodes for urea detection 

3.3.1. Ferro-cyanide test 

The electron transfer behavior of the redox couple at CFO/GCE was studied using CV. The 

potential was range from -0.4 to +0.85 V (vs. SCE) in a 3 mM [Fe(CN)6]
3-/4- solution in PBS. 

Scan rates varied from 5 to 75 mV/s. The results in Figure 3a revealed an increase in redox 

peaks current Ip (both anodic (Ipa) and cathodic (Ipc) peaks) with higher scan rates for the 

CFO/GCE electrode. At 50 mV/s, the anodic-to-cathodic current ratio was approximately 1, 

indicating good redox reversibility. Additionally, the peak separation potential (ΔE=0.36 V) 

increased due to positive shifts in anodic peak potential and negative shifts in cathodic peak 

potential with increasing scan rate, confirming a reversible process at the electrode surface 

[30]. 

To understand the reaction mechanism of both diffusion or adsorption-controlled, 

oxidation-reduction mechanisms and kinetic parameters, cyclic voltammograms of  
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[Fe(CN)6]
3-/4-   were evaluated at different scan rates, from 5 to 75 mV, on the same modified 

GCE surface (supporting information of Figure 3a [31]). The peak current for anodic oxidation 

followed a square root dependence on the scan rate. The linear regression equation for this 

relationship is Ipa = 3.92488.10-6 + 2.79885.10-6 v1/2 (R2 = 0.99703) and Ipc = -1.32557.10-6 – 

1.83428.10-6 v1/2 (R2 = 0.99651). 

 

 

 

Figure 3. (a) Cyclic voltammograms plots corresponding to [Fe(CN)6]
4-/[Fe(CN)6]

3- mixture 

at 3 mM for CFO deposited on GCE at different scan rates from 5 to 75 mVs-1, in 0.1 mM PBS 

at pH 7.0 and its Linear plot of Ipa and Ipc of [Fe(CN)6]
4-/[Fe(CN)6]

3- vs (scan rate)1/2; (b) Cyclic 

voltammogram plots corresponding to 3 mM [Fe(CN)6]
4-/[Fe(CN)6]

3- mixture at modified GCE 
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with Gelatin. Hydroquinone at different scan rates. And its linear plots of Ip vs. (scan rate)1/2; 

(c) The electron-transfer capabilities of electrodes at each modification step in containing 3 

mM [Fe(CN)6]
3-/4- PBS solution (pH = 7.0) using CV at the scan-rate of 25 mV s−1 

According to the Randles-Sevcik formula [32], the peak current (Ip) can be obtained using 

the equation Ip=2.69×105.n3/2ACD1/2v1/2 where n represents the number of electrons 

transferred, A is the surface area of the electrode, C is the concentration of electroactive species, 

D is the diffusion coefficient, and v denotes the scan rate of the potential. The findings suggest 

that the electrochemical reactions at the electrodes are governed by diffusion [33,34]. 

Moreover, CV was employed to examine the comportment of various modified electrodes. A 

comparative analysis of the CV curves was performed for the GCE and CFO-modified GCE 

electrode at a fixed scan rate of 25 mV/s in 3 mM [Fe(CN)6]
3-/4- in PBS solution with a pH of  

7.0 revealing a distinct pair of redox peaks. Figure 3c presents a comparative analysis of the 

cyclic voltammograms recorded at both the bare GCE and the CFO/GCE at a scan rate of 25 

mV/s in 3 mM [Fe(CN)₆]³⁻/⁴⁻ (PBS, pH 7.0). The unmodified GCE displays distinct redox 

peaks corresponding to the reversible redox behavior of the ferricyanide ion. After modification 

of the GCE with CFO using THF, the cathodic and anodic peak currents decrease slightly, 

primarily due to a blocking effect from the THF head, although the high conductivity of CFO 

still promotes electron transfer. These results confirm the successful fabrication of the 

CFO/GCE electrode [35]. Subsequently, the CV response of varying scan rates on the GCE 

modified with CFO/Gelatin-hydroquinone was examined. This study utilized 3 mM 

[Fe(CN)6]
3-/4- solution in PBS, with scan rates from 5 mV/s to 100 mV/s as shown in Figure 3 

b. The unmodified GCE displayed peak oxidation at 0.52 V, and it was observed that both the 

oxidation and reduction peak currents increased linearly with the square root of the scan rate. 

The calibration plots for Ipa vs. v1/2   and Ipc vs. v1/2, Ipa = 1.14251.10-6 + 1.89695.10-6 v1/2 (R2 = 

0.97272) and Ipc = 7.27336.10-6 - 1.57254.10-6 v1/2 (R2 = 0.9393) demonstrated excellent linear 

relationships, indicating that the electrochemical reactions on the modified GCE were 

diffusion-controlled events - with a peak around 0.28 V likely due to impurities [36]. 

3.3.2. Urea Detection by Cyclic Voltammetry in PBS 

3.3.2.1. Voltammetric behavior of urea at GCE modified with CFO 

Cyclic voltammograms were carried out at scan rates ranging from 5 to 150 mV/s to investigate 

the urea response on the CFO/GCE sensor surface. Increasing the scan rate led to higher peak 

currents, with an oxidation peak appearing around 0.28 V. Notably, at 100 mV/s, the oxidation 

peak was nearly absent on the bare GCE; however, beyond 25 mV/s, the peak became 

increasingly prominent with higher scan rates (Figure 4b). These observations suggest that urea 

in PBS undergoes irreversible reaction kinetics at both electrodes [37]. 

3.3.2.2. Voltammetric behavior of urea at GCE modified with CFO/Gelatin-hydroquinone 
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Typically, phenolic compound is electro-oxidized to quinones by proton transfer reactions 

[38]. The electrochemical performance of the fabricated electrodes was assessed by using CV 

in the presence of hydroquinone [35].  For this reason, an electrocatalytic performance of the 

CFO/GCE electrode toward HQ was examined through cyclic voltammetry (CV). 

 

 
 

 
Figure 4.  (a) The electron behavior of 0.1 M hydroquinone at the modified GCE/CFO using 

cyclic voltammetric technique vs different scan rates Linear plot of Ipa of hydroquinone at 

GCE/CFO vs. different scan rates; (b) Comparison of cyclic voltammograms relating to the 

solutions: 1.66 mM of [urea], 0.1 M hydroquinone, and a mixture of 0.1 M hydroquinone and 

1.66 mM of urea at 25 mV/s scan rate 
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Figure 4a presents the cyclic voltammetric response of the CFO/GCE-modified electrode 

in a pH 7.0 solution containing 0.1 M HQ, recorded at scan rates ranging from 5 to 100 mV/s. 

The CFO/GCE modified electrode exhibited an electrochemical response in the potential range 

between 0.01 V to 0.74 V due to the oxidation and reduction of HQ/Q. This suggests that the 

CFO/GCE modified electrode is electrochemically active in pH 7.0 within the specific potential 

range, while a peak around -0.22 V appeared due to impurities. It is necessary to mention the 

peak current of the oxidation of hydroquinone and reduction of quinone at 25 mV/s 6.39×10-4 

and -1.6 ×10-4 A/cm2 respectively. 

The influence of scan rate on the electrochemical redox behavior of HQ at the CFO/GCE-

modified electrode was examined using cyclic voltammetry. Figure 4a shows the CV response 

of the CFO/GCE modified electrode at pH 7.0 containing 0.1 M HQ and at scan rates varying 

between 5-100 mV/s. It was observed that both anodic and cathodic peak currents of HQ 

increase with higher scan rates. Moreover, plotting the square root of the scan rate against the 

corresponding peak currents reveals a linear correlation within the range of 5–100 mV/s, 

indicating that the anodic and cathodic peak currents of HQ are proportional to the square root 

of the scan rate. The linear regression equations for anodic and cathodic peak currents versus 

the square root of scan rate are Ipa=1.8047.10-4 + 9.55472.10-5v1/2 (R2 = 0.98391) and Ipc= 

2.22205.10-5-3.94606.10-5v1/2 (R2 = 0.9346) respectively. This observation confirms that the 

electrochemical response of HQ at the CFO/GCE-modified electrode follows a diffusion-

controlled process [39]. The mechanism of hydroquinone oxidation is illustrated in the equation 

below [40]. 

 
OH

OH

+ + 2H+2e-

O

O

hydroquinone p-benzoquinone  

Scheme 1. Mechanism of hydroquinone oxidation  

 

To explore the interaction between urea and hydroquinone, we conducted a comparative 

study at the modified electrode with a scan rate of 25 mV/s. Figure 4b illustrates the results 

when only hydroquinone (0.1 M) was present, two peaks corresponding to HQ/Q oxidation and 

reduction were observed. However, in the presence of urea, these peaks showed reduced 

current intensity, suggesting an interaction between the two molecules. CV serves as a highly 

sensitive technique commonly employed for electrochemical detection. In Figure 5a, CV 

curves were observed for various urea concentrations on a CFO/Gelatin-hydroquinone-

modified GCE. 
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Notably, the electro-catalytic oxidation peak current of hydroquinone exhibits a linear 

decrease with increasing urea concentration (ranging from 6.66 to 16.65 mM). Figure 5a 

demonstrates a strong linear correlation between the concentrations and peak currents with a 

linear correlation coefficient (R2 = 0.99339). This finding underscores the high sensitivity and 

urea-dependent behavior of hydroquinone oxidation at the CFO/Gelatin-hydroquinone-

modified electrode surface. This study involved three replicates, giving reproducible results. 

Previously researchers have synthesized various nanomaterials to develop electrochemical 

sensors for urea detection [41-43].  

 

 

 

 

Figure 5. (a) CV of CFO/Gelatin-hydroquinone modified GCE recorded over urea 

concentrations range from 6.66 to 16.65 mM. and its calibration curve of urea (Ipa vs. [Urea]); 

(b) UV-visible spectrum of urea samples varying from 500-800 nm wavelength; (b) inset, UV-

visible calibration curve of urea (Absorbance vs. [urea]) at ⋋=695 nm) 
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Additionally, the analytical data in this study was compared with other reported urea 

detection methods (Table 1). This proposed approach offers several advantages, including a 

linear detector response range (6.65-16.65 mg/mL) comparable to existing methods. 

Furthermore, it demonstrates improved selectivity and a lower limit of detection (LOD) for 

urea (Table 2). The LOD was calculated by the bellow Equation: 

LOD = 3σ/S                                                            Eq. (1) 

Here σ, represents the standard deviation of current measured on a blank sample 

(4.59927×10−5 A) and S is the slope of the calibration curve (2.60416×10−4 A mM−1A). The 

resulting LOD value (0.52 mM) outperforms some previously reported urea sensors (Table 2).  

 

Table 2. Examples of direct urea electrochemical sensors and their analytical performances 

 
Materials Electroanalytical 

Method 

Linearity Range (M) Detection 

Limit (M) 

References 

NiCo2O4/NNs/GCE CV 1×10−5–5×10−3 1.0×10−6 [53] 

Urs-Nafion- 

MWCNT- PANI- 

Fe3O4-GCE 

CV, DPV, CA 1.0×10−3-2.5×10−2 6.7×10−5 [54] 

Urs-ZnO-MWCNT-

ITO 

CV 1.6×10− 3-1.6×10−2 2.3×10−4 [55] 

CFO/Gelatin-

Hydroquinone/ 

GCE 

CV 6.7×10−3 –16.7×10−3 5.2×10−4 This study 

 

3.4. Electrochemical impedance spectroscopy  

 The  EIS was used to identify and analyze the contributions and properties of the electrolyte 

and electrode  [44]. Electrochemical measurements concentrate on the processes occurring at 

the electrode surface. It is well-established that higher electrolyte concentrations result in 

reduced measured resistance [45]. Furthermore, research indicates that working with more 

conductive solutions can enhance the theoretical fit of an electrochemical spectrum [46-48]. 

Therefore, increasing concentration could improve system accuracy and reliability.  

The obtained EIS measurements were conducted at 25°C using a 10 mL volume with 

varying urea concentrations in PBS (pH = 7.4) via a Voltalab Potentiostat-Galvanostat. The 

frequency was scanned from 10⁻² to 100 kHz with an amplitude of 10 mV. An open circuit 

potential (OCP) of 0.22 V was applied to the cell. To assess the impact of redox probe 
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concentration on the electrochemical response, we varied urea concentration from 0.1 to 50 

mg/mL using bare gold electrodes (Figure 6).  

  

 

Figure 6. Experimental and simulation Nyquist diagrams for CFO/Gelatin-hydroquinone 

electrocatalysts: (a) 1.66 mM; (b) 8.32 mM; c) 16.65 mM; d) 499.5 mM; and e) 832.5 mM with 

their fits in 105 to 10-1 Hz frequency domains 
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The EC-Lab program is utilized for Zft analysis of all Nyquist plots [49] and shown in 

Figure 6. As the concentration increases, resistance behavior becomes more pronounced. 

Figure 6 reveals the following principal regions derived from fitting each concentration 

diagram:  

(a) At frequencies above 10⁵ Hz (R₁), the observed response corresponds to the electrolyte 

resistance; (b) in the range of 10⁵ to 10⁻¹ Hz (R₂), a semicircle appears, indicative of charge 

transfer between the electrode and the electrolyte; (c) below 10⁻¹ Hz (R₃), another semicircle 

reflects the adsorption and diffusion of urea molecules on the WE surface [50]. 

 

3.5. Comparison with UV-visible method 

Serum electrolyte levels (Na⁺, K⁺, and Cl⁻) were measured by colorimetric methods, 

following the protocols of Maruna (1958), Trinder (1951), Terri and Sesin (1958), and Skeggs 

and Hochstrasser (1964), respectively. Serum bicarbonate was determined using the back-

titration method described by Van Slyke et al. (1919). Serum urea and creatinine were 

quantified using the Urease-Berthelot method (Berthelot, 1859) and the Jaffe reaction (Bonsnes 

and Taussky, 1945), respectively [51,52]. Urease catalyzes the hydrolysis of urea into ammonia 

and carbamic acid, which rapidly decompose to yield carbon dioxide and an additional 

ammonia molecule. The liberated ammonia subsequently reacts with water to form ammonium 

hydroxide. 

In the urea-modified Berthelot reaction, the ammonium ions generated in an alkaline 

medium react with hypochlorite and salicylate (substituting for phenol), under the catalytic 

action of nitroprusside, to produce indophenol with a characteristic blue-green color. The 

reaction sequence, in which salicylate replaces the aromatic compound, is shown below [52]. 

 

 

The sample preparation involves a two-step using two reagents. Firstly, 1000 µL of reagent 

1 (containing phosphate buffer at 120 mmol/L, EDTA at 1 mmol/L, sodium salicylate at 60 
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mmol/L, sodium nitroprusside at 5 mmol/L, and urease at 5 kU/L) is mixed with 10 µL of urea 

solution and incubated for 5 minutes at 25 °C. In the second step, the resulting solution is 

combined with 1000 µL of reagent 2 (containing sodium hypochlorite at 10 mmol/L, sodium 

hydroxide at 400 mmol/L, and phosphate buffer at 120 mmol/L) and incubated for 10 minutes 

at 25°C. The resulting solution turns green, as shown in Figure 5b. The UV spectrum of urea 

concentrations ranging from 1.65 mM to 6.66 mM was investigated at wavelengths from 500 

to 800 nm to understand urea’s behavior. It was observed that there is a higher absorbance at 

695 nm. The absorbance versus urea concentration plot demonstrates a clear linear relationship 

at a wavelength of 695 nm. The precise linear regression equation for absorbance versus 

concentration is absorbance = 0.18436+163.36063C (R2=0.92191) (Figure 5b). The limit of 

detection (LOD) obtained utilizing the modified Berthelot reaction was 6.66 mM, while the 

LOD obtained using CV at the CFO/Gelatin-hydroquinone modified GCE was 0.52 mM. This 

confirms that the electrochemical method using this modified electrode is significantly more 

sensitive than the UV-visible method. 

 

4. CONCLUSION 

The preparation of the GCE with CFO nanocomposite was carried out efficiently, resulting 

in a robust and electrochemically stable electrode. In comparison to the bar electrode, the 

constructed nanocomposite electrode exhibited significantly enhanced electrocatalytic 

performance for urea detection. Notably, the oxidation peaks at CFO/Gelatin-hydroquinone-

modified electrodes displayed well-defined oxidation peaks of hydroquinone in the presence 

of urea. These peaks exhibited a pronounced separation, a reduced oxidation potential, and 

higher oxidation currents. The composite material allowed for good linear ranges by CV 

determination of urea, with lower detection limits than those reported in the literature. In 

summary, the CFO/Gelatin–hydroquinone composite exhibited strong detection performance 

for the oxidation of urea. 
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