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ABSTRACT 
 Differential pulse voltammetry (DPV) was employed for the sensitive electrochemical detection of 
nitrobenzene (NB) using a glassy carbon electrode modified with silica nanoparticles derived sustainably from 
Zea mays L. (Poaceae) husk through a simple, template-free, reagent-free combustion process. The synthesized 
nanoparticles were characterized by FTIR, XRD, EDX, AFM, and TGA, confirming their functional, structural, 
morphological, elemental, and thermal properties. The mesoporous structure and abundant surface silanol groups 
facilitated NB interaction and electrochemical reduction. The modified electrode achieved a detection limit of 
1.1805 μM with excellent linearity (R² ≈ 0.99), demonstrating the potential of maize husk-derived silica as a 
simple, cost-effective, and sustainable electrode material for DPV-based NB monitoring. 
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INTRODUCTION 
 Differential pulse voltammetry (DPV) is 
a sensitive electrochemical technique widely used to 
detect trace amounts of environmental pollutants. 
By minimizing capacitive current and amplifying 
the faradaic response, DPV offers high sensitivity, a 
favorable signal-to-noise ratio, and rapid analysis; 
consequently, it is well-suited for the detection of 
nitrobenzene (NB), a toxic and persistent 
nitroaromatic pollutant. Electrochemical detection 
represents a rapid, simple, cost-effective, and 
potentially portable approach for monitoring NB, 
although sensor performance depends heavily on the 
material used to modify the electrode 1-3. 
 Silica nanoparticles, particularly 
mesoporous silica nanoparticles (MSNs), exhibit 
high specific surface area, tunable porosity, good 
stability, and an abundance of surface silanol 
groups. These properties provide active sites for 
analyte interaction and facilitate both mass and 
electron transfer processes, making silica 
nanoparticles promising materials for 
electrochemical detection. Their incorporation into 
glassy carbon electrodes (GCEs) can enhance the 
electrochemical response toward target pollutants 4,5. 

 Corn husks constitute an abundant, 
silica-rich agricultural waste product that is typically 
disposed of via burning or landfilling. Their use as a 
renewable silica precursor offers a sustainable and 
cost-effective approach to waste valorization, while 

reducing reliance on conventional resources and 
supporting circular economy principles 1,6-8. 
 In this study, silica nanoparticles were 
synthesized from Zea mays L. (Poaceae) husks 
using an eco-friendly, template-free process and 
subsequently characterized in terms of their 
structural, morphological, elemental and thermal 
properties. The synthesized nanoparticles were used 
to modify a glassy carbon electrode; Subsequently, 
its efficacy for the electrochemical detection of 
nitrobenzene was evaluated using DPV. This work 
demonstrates a sustainable approach to developing a 
simple, sensitive, and environmentally friendly 
sensing platform for monitoring nitrobenzene in 
aqueous media. 
MATERIALS AND METHODS 
Materials  
 ZeamaysL. (Poaceae) husks were 
collected from an agricultural field in 
Ketchilapuram, Thoothukudi, while hydrochloric 
acid (LR grade) was procured from ISOCHEM. 
Synthesis of Silica nanoparticles 

Husk of Zea mays L. (Poaceae) was 
thoroughly rinsed with distilled water, oven-dried at 
100 °C, pulverized, and subjected to calcination at 
550 °C for 8 h to produce silica-enriched ash 1,7,8. 
The resulting ash was subsequently purified with 
concentrated HCl to eliminate metallic 
contaminants, followed by repeated washing until a 



DIFFERENTIAL PULSE VOLTAMMETRIC STUDIES OF NITROBENZENE ON SILICA 
NANOPARTICLE MODIFIED ELECTRODES 

 IJDDT Volume 16 Issue 83s 2026 Page: 1261 

neutral pH was attained. After drying for 2 h, the 
purified material was finely milled to obtain uniform 
mesoporous silica nanoparticles (Si-SCH). 
Preparation of silica modified glassy carbon 
electrode  
 The glassy carbon electrode (GCE, 3 
mm) was polished with 0.05 μm alumina, 
ultrasonically cleaned in ethanol and deionized 
water for 10 min, and subsequently dried. 5 mg of 
Si-SCH were dispersed in 10 mL of deionized water, 
and the mixture was subjected to ultrasonic 
treatment for 20 min. Next, 10 μL of the suspension 
were deposited onto the GCE using the drop-casting 
technique and dried at room temperature to obtain 
the GCE/Si-SCH electrode. 
Characterization techniques 
 Si-SCH nanoparticles were 
characterized using FTIR, AFM, EDX, XRD and 
TG/DTA to evaluate their functional groups, 
morphology, elemental composition, crystallinity, 
and thermal stability, respectively. Electrochemical 
measurements were performed at 25 °C using a 
glassy carbon electrode (GCE, 0.07 cm²) modified 
with Si-SCH, employing Ag/AgCl and Pt electrodes 
as the reference and counter electrodes, respectively. 
RESULTS AND DISCUSSION 
FT-IR Analysis 
 The FTIR spectrum of the synthesized 
SiO₂ nanoparticles (400–3800 cm⁻¹; Fig. 1) shows 
the characteristic vibrations of silica. The band at 
1527 cm⁻¹ corresponds to the O–H stretching of 
adsorbed water5,8, indicating moisture physisorption 
through the porous network1,5. The band at 
approximately 725 cm⁻¹ is attributed to symmetric 
Si–O stretching, with possible residual Si–Si and C–
H contributions 8,9. The bands at 648.08, 532.35 and 
501.49 cm⁻¹ originate from Si–O–Si1,8bending and 
rocking vibrations, while the peaks at 478.35, 
447.49 and 408.91 cm⁻¹ correspond to O–Si–O 
bending vibrations 9,11,12. 

 
Fig 1: FT-IR spectrum for Si-SCH nanoparticles       
XRD Analysis 

The structural characteristics of the 
synthesized silica nanoparticles were analyzed using 
X-ray diffraction (XRD) (Fig. 2). The average 
crystallite size was calculated using the Scherrer 
equation (D = kλ/βcosθ), yielding a value of 5.8069 
nm. 

 
Fig 2: XRD Spectrum of Si-SCH nanoparticles 
The XRD pattern (2θ = 20–70°) showed peaks 

at 21–22°, 26–27°, 36–38°, 50°, 60°, and 68–75°, 
corresponding to the (100), (101), (111), (202), 
(220), and (213) planes of trigonal α-quartz SiO₂, 
consistent with JCPDS 46-1045 and COD 96-810-
3514 13,14. The pattern confirms predominantly 
amorphous silica with minor crystalline features and 
partial long-range order. 
EDAX Analysis 

The EDAX spectrum of SiO₂ nanoparticles 
(Fig. 3) displays characteristic O Kα (~0.5 keV) and 
Si Kα (1.7–2.0 keV) peaks, confirming silica 
formation. Minor C and K signals are attributed to 
the mounting tape and residual biomass 
components15, respectively. The elemental 
composition is summarized in Table 1. 

 
Fig 3: EDAX Spectrum of Si- SCH nanoparticles 
Table 1: Elemental Composition of Si-SCH 
nanoparticles 

Element Atomic % Weight % 

Si 32.8 47.1 

O 67.0 52.4 

C 0.2 0.3 

K 0.0 0.2 

Atomic Force Microscopy (AFM) 
Atomic Force Microscopy (AFM) analysis 

was performed over a 6.25 × 6.25 µm² scan area to 
investigate the surface topography and nanoscale 
roughness of the synthesized silica shown in fig 4. 
The 2D and 3D images (fig 4(a) & (b)) revealed a 
heterogeneous surface with uniformly distributed 
nanoscale grains and distinct elevations and 
depressions. The cross-sectional profile (fig 4(c)) 
showed height variations from approximately −111 
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to +141 nm. The areal roughness parameters, Sa = 
11.688 nm, Sq = 17.714 nm, and maximum peak-to-
valley height (Sy = 245.83 nm), together with linear 
parameters Ra = 5.1145 nm and Rq = 6.8134 nm, 
confirmed a moderately rough and well-defined 
nanostructured surface. Such surface heterogeneity 
can enhance the accessibility of active sites and 
promote surface interactions, making the 
synthesized silica suitable for adsorption and 
catalytic applications. 

 
Fig 4: AFM of Si-SCH nanoparticles 
Thermogravimetric analysis (TGA) 

Thermogravimetricanalysis (TGA) of Si-
SCH (Fig. 5a) reveals a total mass loss of 31.39%, 
of which 19.2% occurs below 380 °C and 11.6% 
between 380 and 970 °C. The initial loss (< 150 °C) 
is due to physically adsorbed moisture, followed by 
the removal of water hydrogen-bonded to the silanol 
groups (150–450 °C) 1,9. The final loss (450–900 °C) 
results from the condensation of Si–OH bonds into 
Si–O–Si bonds and the densification of the network 
1,9. The negligible mass loss above 950 °C confirms 
high thermal stability. The TGA-DTG-DTA curves 
(Fig. 5b) corroborate these three stages of thermal 
transformation, with the corresponding endothermic 
and exothermic DTA signals. 

 
Fig 5: (a) TGA Curve (b) Combined TG, DTG 
and DTA curves for Si-SCH 

Electrochemical Studies 
Effect of pH 
The effect of pH on the electrochemical reduction of 
nitrobenzene (80 μM) was investigated via cyclic 
voltammetry using a GC/Si-SCH electrode in buffer 
solutions at pH 1, 4, 7, 9 and 13.  

 
Fig. 6: CVof nitrobenzene reduction at GC/Si-SCH 
at various pH values (50 mV/s)  
 Increasing the pH caused a shift in the 
reduction peak toward more negative potentials, 
confirming the involvement of protons and electrons 
in the reduction process16. The highest reduction 
current (31.47 μA) was obtained at pH 1 at a 
potential of approximately −0.05 V (Fig. 6); 
consequently, pH 1 was selected for subsequent 
detection studies. This enhanced response was 
attributed to surface silanol (–OH) groups, which 
facilitate the adsorption and reduction of 
nitrobenzene. All subsequent measurements were 
performed at pH 1 with a scan rate of 50 mV s⁻¹. 
Effect of Concentration by DPV 
 Figure 7a shows the DPV responses of 
the GC/Si-SCH electrode to nitrobenzene (0.4–12 
μM) at pH 1, using a potential increment of 4 mV, a 
pulse amplitude of 25 mV, and a frequency of 15 Hz. 
Three distinct cathodic peaks, located at 
approximately +0.01, −0.25, and −0.50 V, 
correspond to the successive reductions (involving, 
in each case, two electrons and two protons) of 
nitrobenzene to nitrosobenzene, 
phenylhydroxylamine and aniline, respectively. The 
increase in peak intensity with NB concentration 
indicates a diffusion-controlled process16. The 
calibration curve was established based on the peak 
located near 0 V, which exhibited the highest current 
response (Fig. 7b). 

 
Fig7: (a) DPVof nitrobenzene reduction at GC/Si-
SCH at various concentrations  
(b) Current vs. nitrobenzene concentration using 
DPV at GC/Si-SCH. 

A strong linear relationship was observed 
between the cathodic peak current (Ip) and 
nitrobenzene concentration, with R² = 0.9866, 
confirming good sensor linearity [28,29]. The LOD 
and LOQ, calculated using 3.3σ/S and 10σ/S, were 
1.1805 μMand 3.5774 μM, respectively. The GC/Si-
SCH electrode showed a sensitivity of 14.6955 μA 
μM⁻¹, attributed to its enhanced electroactive surface 
area and efficient electron transfer, which promote 
the electrochemical reduction of nitrobenzene.Table 
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2 compares its performance with previously reported 
nitrobenzene sensors. 
Table 2: LOD of the sensor in comparison to 
previously reported NB sensors. 

Electrode 

Material 

Analytic

al 

Techniq

ue 

Detecti

on 

Limit 

Referen

ces 

GC/EDAS/(g

-C3N4-Ag)NC 
SQW 2 μM [17] 

OMC/DDAB/

GC 
LSV 10 μM [18] 

Ag/ATP/GCE LSV 1.1 μM [19] 

GC/Au MOF-

5 
CV 1.0 μM [20] 

C60/CPE SDCV 30 μM [21] 

GC/Si-SCH DPV 
1.1805μ

M 

Present 

Work 

Repeatability Study  
The repeatability of the GC/Si-SCH electrode was 
evaluated by seven successive nitrobenzene DPV 
measurements at 80 μM and pH 1 (Fig. 8a). Virtually 
identical reduction peaks were obtained, with a 
coefficient of variation (CV) of 1.19%, confirming 
excellent repeatability, reproducibility, and 
reliability. 

 
Fig 8: (a) Repeatability (b) Stability of GC/Si-SCH 
for 80 μM nitrobenzene at pH 1by DPV.  
Stability Study  
The stability of the GC/Si-SCH electrode was 
evaluated for 30 days using an 80 μM nitrobenzene 
solution at pH 1 (Fig. 8b). The electrode showed 
stable current responses, with minimal variation and 
a coefficient of variation (CV) of 2.66%, confirming 
its excellent stability and suitability for long-term 
nitrobenzene detection. 
CONCLUSION 

 Differential pulse voltammetry (DPV) 
confirmed the efficacy of the GC/Si-SCH electrode 
for nitrobenzene detection. Silica nanoparticles 
derived from Zeamays*L. (Poaceae) husks were 
prepared using a simple, reagent-free combustion 
process. The electrode exhibited a limit of detection 
of 1.1805 μM, a sensitivity of 14.6955 μA μM⁻¹, 
good linearity and selectivity, as well as excellent 
repeatability (RSD = 1.19%) and stability (RSD = 
2.66%). Compared to nitrobenzene sensors 
described in the literature, the GC/Si-SCH electrode 
offers a competitive limit of detection using only 
biomass-derived silica as a modifying agent, without 
noble metals, dopants, or complex compounds. 
Overall, it constitutes a simple, cost-effective, and 
sustainable platform for nitrobenzene monitoring 
via DPV. 
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