
Journal of Applied Sciences and Nanotechnology, Vol. 5, No. 2 (2025) 

 

24 

Journal of Applied Sciences and Nanotechnology 

Journal homepage: jasn.uotechnology.edu.iq 

 

 

 

 

 

 

 

 

Performance Comparison of Plasmonic Sensors via Ion Reduction and 

KOH Methods 

Ruqaya Abdulkareem Shlaga*, Alwan M. Alwan, Mohammed S. Mohammed 

Department of Applied Sciences, University of Technology - Iraq, Iraq

A R T I C L E  I N F O 

Article history: 

Received: August, 24, 2024  

Accepted: May, 02, 2025 

Available online: June, 10, 2025 

Keywords: 

CIPRO antibiotics, 

CIPRO antibiotics, 

Pre-etching ion reduction, 

KOH method 

*Corresponding Author: 

Ruqaya Abdulkareem Shlaga 

ruqaya12322@gmail.com  

A B S T R A C T 

In this work, several types of plasmonic sensors were prepared by 

different methods (ion reduction method and wet-chemical KOH route) 

to detect the ultralow anti-CIPRO concentration using AgNPs/PSi 

SERS-active substrate with AgNPs concentration. The process was 

optimized to be very effective in detecting CIPRO and to have a high 

amplification factor (EF). For the deposition of AgNPs with a 

concentration of 5×10-3 M and the maximum density of hotspot areas, a 

nanocrystalline silicon sample prepared by the KOH method and an ion 

reduction technique before etching was used. We tested an AgNPs/PSi 

SERS substrate, which showed better performance in detecting the 

CIPRO antibiotic over a range of doses (10-7-10-13 M). XRD, EDX, 

FESEM and SERS were used to analyze the PSi samples and the 

AgNP/PSi chemical sensors. The results of the AgNPs/PSi SERS 

substrates from both methods showed that the ion reduction process was 

more effective in detecting the CIPRO antibiotics at their lowest 

concentrations. It was found that the highest EF at salt concentrations of 

5×10-3M was 6.3×1012 for the pre-etching method, compared with 

7.78×1010 for the KOH method under the same conditions. The results 

showed that the proposed AgNPs/PSi SERS substrate is an effective 

method to find CIPRO even at low concentrations, and that CIPRO was 

localized approximately near the surface. This approach is considered a 

revolutionary work that has the potential to modify the plasmonic 

properties of metallic NPs for SERS applications.
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1. Introduction 

Antibiotics are active pharmaceutical ingredients that changed medicine in the twentieth century. They have 

revolutionized the treatment of many diseases and helped to save countless lives. Due to their remarkable efficacy 

against a wide range of infectious diseases, these pharmaceutical agents have significantly improved the longevity 

and well-being of humans and animals [1]. 

Ciprofloxacin, a fluoroquinolone antibiotic with a broad spectrum of activity, is suitable for the prevention and 

treatment of infectious diseases in humans and animals [2]. It is effective against a broad spectrum of Gram-

negative and Gram-positive bacteria [3-5]. It inhibits type II DNA gyrase and topoisomerase IV, two essential 
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enzymes for DNA segregation in bacteria, and subsequently reduces cell division [6, 7], leading to fragmentation 

of genomic DNA. Due to the irregular misuse of antibiotics, antibiotic residues accumulate in animal feed [8], and 

in the environment [7, 9-12]. 

Antibiotics can enter the environment through a variety of pathways, e.g. through the infiltration of wastewater 

from humans and other animals, through leaks in landfills, through effluents from sewage treatment plants and 

through agricultural runoff that bypasses these systems [13]. Conventional wastewater treatment methods are 

known to leave pharmaceuticals in wastewater [14], and the spread of bacteria resistant to antibiotics poses a major 

health risk to humans and other animals [15-20]. To prevent the spread of antibiotics in water sources, the 

identification of antibiotics is crucial [21]. Surface-enhanced Raman scattering (SERS) based on metal 

nanoparticles has become the gold standard for the detection of pesticides, antibiotics and other environmental 

pollutants. 

To detect extremely low concentrations of CIPRO, it is crucial to identify the highest peak in the SERS spectrum. 

The hot-spot density and the presence of localized surface plasmons (LSP) have a direct influence on the intensity 

of the Raman signal [22, 23]. Manipulation of PSi morphology is one approach to overcome these limitations. 

This can be achieved by increasing the density of the hot spots and using PSi as a template for silver or gold 

nanoparticles (AgNPs and AuNPs). The active substrate for SERS can be either AuNPs/PSi or AgNPs/PSi. With 

increasing EF, the metallic nanoparticles aggregate, resulting in a higher number of hot spots [24, 25]. In this 

study, innovative techniques to modify the plasmonic properties and morphology of AgNPs by utilizing the 

thermal effects of a laser beam were presented. In addition, a new method was developed to prepare a highly 

efficient AgNPs/PSi SERS-active substrate for the detection of extremely low concentrations of the drug CIPRO 

in the range of 10-7 - 10-13 M [26]. 

2. Experimental Procedure 

An n-type silicon wafer was employed, which had a crystallite orientation of 100, a thickness of around 514 µm, 

and a resistivity of around 10 Ω.cm. Si wafers were weighed after being sliced into squares with a (1×1) cm2 area, 

washed with a hydrofluoric: ethanol combination (1:10) to remove the SiO2
 coating, and then measured. Finally, 

it is stored in methanol-filled plastic containers before and after etching to prevent oxidation. 

The PSi structures were synthesized in a two-step procedure. First, wet-chemical texturization was performed by 

immersing the silicon samples in a 2 M KOH solution for 30 min under laser illumination (wavelength ≈ 405 nm, 

intensity ≈ 350 mW/cm²), which facilitated surface modification by anisotropic etching. Subsequently, the textured 

Si substrates were immersed in a 5×10-3 M AgNO₃ solution for 10 minutes to deposit AgNPs on the nanostructured 

surfaces. The entire laser-assisted KOH etching process is shown schematically in Fig. 1. 

 

The second is the pre-etching ion reduction process. This procedure started by being the standard pre-etching of 

the Si substrate and the formation of AgNPs. The substrates were immersed in a hydrofluoric acid solution at a 

15% M concentration for 12 hours at room temperature with typical daylight light irradiation and local heating 

process for both the surface of crystalline and AgNPs by laser intensity of about 350 mW/cm2 for a period of 30 

min. The goal of this process was to make more silver ion reduction centers available for making silver 

nanoparticles by increasing the number of dangling bonds (SiHx, where x = 1, 2, 3, etc.) on the surface of the 

crystalline silicon. Using this approach, a layer of AgNPs on the surface is generated by reducing silver ions 

through dangling bonds on the silicon substrate. To accomplish this operation, the crystalline Si substrates were 

dipped into a 5×10-3M concentration of silver nitrate solution, as shown in Fig. 2. 
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Figure 1: A schematic KOH method that has been laser improved to change the Si surface. 

 
Figure 2: A schematic of the creation of Si nanostructures utilizing an ion reduction technique with laser 

treatment. 

3. Results and Discussion 

FESEM picture illustrates the deposited AgNPs upon the surface is shown in Fig. 3a, b at a fixed (5×10-3 M) 

concentration and of the immersion time and laser intensity of about 350 mW/cm2 with a wavelength of 405 nm 

for the KOH method and pre-etching ion reduction process. The NPs that are deposited form a layer without 

identifiable shapes, which is due to the density of dangling bonds SiHx, x = 1. These bonds are more concentrated 

on the top surface after the porous silicon has been prepared and irradiated with an intensity of 350 mW/cm2. From 

Fig. 3a, the presence of nanoparticles enhances the visibility of the porosity, where these nanoparticles primarily 

accumulate along the pore edges with a large size due to the ionic feature of the Ag particles, which implies that 

they cannot exist as individual atoms because of the sample's complete coverage and the presence of the atoms 

inside the pores, the single atoms would be drawn together to form particles made up of groups of atoms by the 

van der Waals mutual attraction force. While the Ag nanoparticles appeared well-formed, on the other hand, the 

porosity was distinctly visible with a high porous density and the presence of nanoparticles in small sizes, as shown 

in Fig. 3b. The examination images and calculation of the nanoparticle density on the PSi surface of the sample 

prepared by the ion reduction process showed that it has a higher percentage of NPs than the one prepared by the 

wet chemical KOH method (9×1012 and 5×109, respectively). 
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Figure 3: FESEM images and hotspot vacancy histograms of PSi prepared with 3500 mW/cm² laser and 10⁻³ M 

AgNO₃ via (a) KOH method and (b) ion reduction. 

Based on the histogram, the size of Ag nanoparticles varied as displayed in Fig. 3a, b, the AgNP size varied from 

39 nm to 290 nm for the sample prepared by the KOH method, while the pre-etching in the reduction process, the 

AgNPs' size varied from 4 nm to 25 nm. For the sample for KOH, the hotspot vacancy histogram of AgNPs ranged 

from 50 nm to 560 nm, while for the pre-etching ion reduction process, the hotspot vacancies varied from 1 nm to 

3.8 nm. 

The EDX spectra of the AgNPs deposition onto the Si substrate have been influenced via spectra for samples 

prepared by two methods: the KOH method and the pre-etching ion reduction process at a fixed concentration for 

AgNPs, time, and laser intensity, as shown in Fig.4a, b. These spectra showed a significant increase in the density 

of Ag and Si above the surface. The intensity of the Ag peak increased with the concentration of silver during 

preparation due to the increase in the nucleation site on the upper surface of Si. This explains the prominent AgNPs 

peak in the presence of KOH. 
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Figure 4: EDS measurement of AgNPs/Psi structures in a laser intensity of 3500 mW/cm2 and 5×10-3M of 

AgNPs concentrations ҆: (a) KOH method and (b) pre-etching ion reduction process. 

 
Figure 5: XRD patterns of AgNPs and Si nanocrystallites formed under different illumination conditions. Si 

peaks near 2θ ≈ 33.4° confirm (100) crystallinity, while AgNPs exhibit distinct Bragg reflections. 

According to the data presented in Table 1 for the KOH method and ion reduction process, the substrate exhibits 

a grain size value of approximately 4.759 nm in the (111) plane for pre-etching ion reduction, while for the KOH 

method, the grain size value is approximately 7.80nm. On the other hand, the substrate AgNPs exhibit a higher 

specific surface area (SSA) of approximately 120.191 m2/g, whereas the lower value of about 73.28 m2/g is for the 

substrate prepared by the KOH method. The deposited AgNPs grains size was determined using Scherer's formula 

and XRD peak expansion [27-34]. Eq. (1) calculates the SSA, one of the most significant metrics for 

characterization [35]: 

𝑺𝑺𝑨 =
𝟔𝟎𝟎𝟎

𝜿 × 𝑮𝒓𝒂𝒊𝒏 𝒔𝒊𝒛𝒆 
            (1) 

Where, κ the density constant of silver (10.49 g/cm3). For plasmonic NPs of different concentrations, Table 1 

shows the values of FWHM and grain size of AgNPs, and SSA. 
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Table 1: The FWHM, grains size, and SSA values of AgNPs for KOH and pre-etching ion reduction process. 

Methods Peaks FWHM (Deg.) Grain size (nm) SSA (m2/g) 

Pre-etching Ion 

reduction process 111 
1.767 4.759 120.191 

KOH method 1.12 7.80 73.28 

The FWHM of the XRD peaks is broadened with a laser light source by an etching process. The presence of tiny 

interatomic space modifications of the fabricated AgNPs on Si nanocrystallites causes the lowest deflection of the 

Bragg reflection peaks. The FWHM increases with decreasing size of the fabricated nanoparticles. Consequently, 

the diameters of the Si nanocrystallites change during the etching process, which affects the nanoparticles 

produced.  

The performance of the AgNPs/PSi SERS sensor was evaluated based on different concentrations of antibiotics 

on nanostructure substrates. The obtained result shows that the Raman intensity of the CIPRO antibiotics has very 

shallow peaks even at AgNPs concentrations of about 5×10-3 M without illumination in the KOH process, while 

for the ion reduction process substrates, the peaks become higher than KOH as shown in Fig. 6. This is attributed 

to the presence of small-sized AgNPs, which are distinctly visible in the pores of the structure. Fig. 7a, b depict 

the Raman scattering spectra of antibiotics absorbed by AgNPs/PSi SERS active substrate at varied concentrations 

of about 10-7-10-13 M, with stronger bonds at 1401 and 1600 cm-1 this is attributed to carboxylate group's (C-C) 

stretching bonds that interacted with the AgNPs surface [36]. 

 
Figure 6: Raman spectrum of as-prepared PSi with 5×10-3 M concentration for a) ion reduction process and b) 

wet chemical KOH method. 

As previously stated, the Raman signal was altered, which was attributable to the surface enhancement impact 

caused by AgNPs deposited on the porous silicon substrate. For the pre-etching ion reduction process, the SERS 

signal intensity can be seen in Fig. 7b. The maximum SERS value of 1.5×104 was achieved when the AgNPs were 

synthesized using laser intensity of 350 mW/cm2 and varying concentrations. This value was determined based on 

the intensity associated with the 1401 cm-1 band. Moreover, the phenomenon of Raman enhancement was observed 

to be particularly significant in samples with higher surface-to-volume ratios, because of the effective transfer of 
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energy from the local electromagnetic fields to the target molecules. The high relative Raman intensity observed 

in the SERS substrate is attributed to the reduction in the size of the hotspot regions, which leads to a decrease in 

the inter-particle distance within these regions. 

 
Figure 7: Spectra of SERS for the CIPRO antibiotics/AgNPs/PSi hybrids structures at an intensity of 350 

mW/cm2 and 5×10-3M AgNPs concentrations: (a) pre-etching ion reduction process and (b) KOH method. 

Silver particles with smaller sizes can easily penetrate the pores of the silicon. When the surface is exposed to 

Raman rays, part of the light will be reflected and another part will be absorbed into the pores where internal 

reflections enhance the signal leading to magnification; thus, amplified rays emerge in addition to the reflected 

rays on the surface. Raman images proved that the nanoparticles expanded and completely covered the surface, in 

contrast to the KOH method. 

The EF, used to evaluate the lower detection limit, was calculated using Eq. (2) as presented below [37]: 

𝑬𝑭 =  (𝑰𝑺𝑬𝑹𝑺  × 𝑪𝑹) /(𝑰𝑹 × 𝑪𝑺𝑬𝑹𝑺)        (2) 

Where (ISERS and IR) denote the SERS signal intensity at the antibiotic molecule concentration CSERS, and the 

Raman signal intensity at concentration CR respectively. Fig. 8 shows the relationship at different processes for 

the concentration of CIPRO antibiotic and the enhancement factor (EF) of SERS intensity for CIPRO. The EF 

amount was altered in line with the contribution of CIPRO in the aqueous solution. It was discovered that the 

greater EF was equal (6.3×1012 and 7.78×1010) at 5×10-3M salt concentration for the pre-etching and KOH 

processes, respectively. After comparing the results of the Raman examination of the two methods of ion reduction 

process and KOH, it was found that the EF in detecting the lowest concentrations of the CIPRO antibiotic in the 

ion reduction process is better, and this attributed to parameters like the size of the nanoparticles as well as the 

hotspot region and a high surface-to-volume ratio. 
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Figure 8: The EF vs. concentration on different methods. 

Many factors, such as the highest hotspot region density and LSP, determine the maximal EF. The response 

mechanism is amplified by smaller AgNPs, which generate a stronger amplified electric field, enabling the 

detection of even the lowest concentrations of CIPRO antibiotics. 

4. Conclusions 

In this study, very sensitive chemical sensors were successfully developed that can detect extremely low 

concentrations of the antibiotic CIPRO. The sensors were prepared using active substrates of AgNPs deposited on 

PSi. In addition, the methods used in this study were modified to significantly improve their effectiveness. Fixed 

conditions such as laser intensity and AgNPs concentration were used in the study. The shape of the surface of the 

nanocrystal-like structure was modified in two different ways: by the ion reduction process before etching and by 

the KOH method. The shape, the number of holes and the size of the AgNPs/PSi nanocrystals changed, which 

directly affected their chemical sensing efficiency. The performance of the macro-PSi hybrid structure is closely 

related to its structural, morphological and optical properties. The topographic layers for the different processes 

were not completely covered by pores, and the nanoparticles were tiny because there were loose bonds on the 

substrate. The researchers analyzed the Raman results for both the ion reduction and KOH methods and found that 

the ion reduction method was more effective in detecting the lowest concentrations of the CIPRO antibiotic. This 

superiority is attributed to the smaller size of the nanoparticles, the higher density of the hotspots and the higher 

SSA. 
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