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Abstract 

Considers of nanostructures created beneath different modes of submersion 

testimony of silver on permeable silicon (PS) for their utility as dynamic 

substrates in monster Raman spectroscopy (SRS) are displayed. PS was 

shaped by anodizing monocrystalline silicon in an aqueous-alcoholic 

arrangement of hydrofluoric corrosive. The reflection spectra of the gotten 

silver nanostructures on PC have been examined. It is uncovered that to form 

ideal conditions for SERS spectroscopy utilizing silver nanostructures on PC, 

it is vital to utilize an energizing laser with a wavelength of 400–450 nm. 

 

Introduction 

Silver nanostructures on PS have interesting optical properties related to solid neighborhood electromagnetic areas 

emerging due to the excitation of plasmons on the silver surface [1, 2]. In this case, at certain frequencies of the occurrence 

radiation, the impact of localized surface plasmon reverberation (LSPR) is watched. Knowing the zone of LSPR sign, one 

can select the ideal modes of recording the SERS spectra, at which the concentration of the SERS flag will be greatest. 

SERS spectroscopy is utilized to distinguish and ponder the structure of the following sums of substances in science 

materials.  

In expansion, the field of application of GCR incorporates biomedicine, environment, nourishment industry, legal science, 

and numerous others [5–11]. In this work, explored the regularities of the arrangement of silver nanostructures on PS and 

their reflection spectra. 

Precipitation of condensation from the vapor (gas) phase refers to a group of methods for the deposition of thin films in a 

vacuum, in order to be characterized by the formation by direct condensation of steam, including under ultrahigh vacuum 

(at a pressure of <10 -6 Pa). Thermal evaporation method. From the melting point, the material to be evaporated is heated 

in a resistive way, by exposure to a high-frequency electromagnetic field, bombardment with accelerated electrons, a laser 

beam, and by means of an electric discharge. 

The choice of a particular device is usually determined by a whole set of requirements. These are restrictions on cost, weight 

and dimensions, serviceability, availability, restrictions on environmental parameters (temperature, aggressiveness, 

humidity, etc., such as the need to pass through rolls), requirements for the output and indication of results, technical 
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parameters and characteristics, the need or absence of its packaging (for example, a moisture-proof or explosion-proof 

housing that protects against other radiation), the reception range, etc. From this point of view, the development of new 

detecting devices based on new physical effects and phenomena is of undoubted interest [3, 4]. 

Experimental part  

Silver nitrate AgNO3 (99.9999%), 45% watery arrangement of hydrofluoric corrosive HF (45%), isopropyl (C3H7OH) and 

ethyl (C2H5OH) alcohols were utilized without extra Purification. Refined water was utilized to plan arrangements. 

As the starting substrates, utilized single-crystal silicon wafers 100 mm in breadth doped with antimony, with a resistivity 

of 0.01 Ω cm and a crystallographic introduction of the surface (100). The surface of the silicon wafers was for starters 

cleaned from natural contaminants in a hot (75 ° C) smelling salts peroxide arrangement (Standard) and from the common 

oxide layer in a 4.5% fluid arrangement of hydrofluoric corrosive. At that point, the plates were dried by centrifugation. 

The PC was shaped by anodizing monocrystalline silicon in aqueous-alcoholic arrangements based on hydrofluoric 

corrosive. For the arrangement of PS layers, an electrolyte was utilized, which comprised of HF (45%), H2O, and C3H7OH 

blended in a volume proportion of 1: 3: 1. The anodizing handle was carried out at a current thickness of 100 mA / cm2 for 

85 s. Such modes made it conceivable to get PS layers with a thickness of 5 μm, a porosity of 72%, and A normal pore 

distance across almost 100 nm. [5,6] 

To get silver nanostructures on PS, PS tests were put in A fluid arrangement of AgNO3 with the expansion of ethyl liquor. 

The AgNO3 concentration changed from 1 to 10 mM, the statement time was 5 to 180 min, and the arrangement temperature 

was 20 or 40 ° C. After the arrangement of a silver film on the PC surface, the tests were altogether washed in ethanol and 

after that dried. The anodizing handle was carried out utilizing an AUTOLAB PGSTAT302N potential/galvanostat. The 

morphological and auxiliary parameters of silver nanostructures on PC were examined by filtering electron microscopy 

utilizing Hitachi S4800 gear. The reflection spectra were measured on an MS 122 spectrophotometer within the extend 

from 200 to 1100 nm.[7,8]. 

Results and discussion 

According to the submersion statement component, it is known that the lessening of cations to their nuclear shape happens 

due to the expansion of electrons [9]: 

 

Ag+ + e- → Ag   (1) 

 

The sources of lessening electrons when utilizing silicon-based substrates are specifically silicon molecules. Due to the 

positive redox potential of silver, the cations of this metal are able of oxidizing the surface of silicon, taking absent electrons 

from it. Subsequently, when silicon is submerged in watery arrangements of silver salts, metal iotas are at the same time 

diminished (1) and silicon dioxide is shaped beneath them [9]: 

 

2Si + H2O → Si-O-Si + 2H+ + 2e- (2) 
 

Clearly, the long-term introduction of monocrystalline silicon in fluid arrangements of silver salts causes the arrangement 

of a nonstop layer of silicon oxide, which anticipates the contact of reagents from the arrangement and silicon iotas, which 

leads to the end of metal lessening. This limits the sum and consistency of the accelerated dissemination on the substrate 

indeed at a tall concentration of silver cations within the starting arrangement. Within the case of utilizing PS, a critical 

commitment to the lessening of silver particles is made by the nearness of Si-Hx bunches on its created surface, which 
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emerge as a result of the hydration of the bonds of silicon iotas, broken off amid the electrochemical carving of pores. Si-

Hx bonds are profoundly responsive and effortlessly oxidized, moreover providing electrons for silver diminishment [9]: 

 

2Si-H+ H2O → Si-O-Si + 4H+ + 4e-. (3) 
 

In this way, PS plays the part of not as it were a forming substrate conferring nanoscale unpleasantness to the surface of a 

silver store, but too a source of a much bigger number of nucleation centers and electrons for the decrease of silver particles 

in comparison with single-crystal silicon. 

X-ray diffraction investigation carried out for silver nanostructures on PC, arranged by the strategy of inundation testimony 

of silver on PC, appeared that the reflections watched within the diffractograms are characteristic of silver gems with the 

introduction (111), (200), (220), (311) 2θ (Figure1). That is, within the handle of inundation on PC, a polycrystalline silver 

precipitate was shaped. A solid reflection from the monocrystalline silicon substrate. 

 

 
Figure 1. X-ray diffraction spectrum of silver nanostructure on PC 

 

The regularities of the arrangement of silver nanostructures on PC. In Figure 2 appears SEM photos of the surface of PC 

tests kept in A watery arrangement of 1 mM AgNO3 and 1 M C2H5OH for (a) 15, (b) 120, and (c) 180 min at a temperature 

of 20 ° C. It can be seen that the beginning of silver testimony is organized and characterized by the arrangement on the 

surface of PS of isolated metal particles, transcendently circular, whose nucleation happens at the edges of the pores, which 

affirms the already depicted reality of expanded reactivity of locales of harmed silicon structure (Figure 2, a). 

 

a b c 

Figure 2.SEM images of the surface of PC samples kept in an aqueous solution of 1 mM AgNO3 and 1 M C2H5OH for 

15 (a), 120 (b), and 180 (c) min at a temperature of 20 ° C. 

The breadth of silver particles ranges from tens of nanometers. Removal of 150 to 300 nm. A few of them joined 
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together into chains, which, upon assist holding the test in arrangement for up to 120 min, turned into sporadic 

agglomerates, somewhat consolidated with each other. Outwardly, the structure That appeared in Figure 2b takes after 

a permeable silver film, in which there are for all intents and purposes no independently found silver particles. The 

between the components of metal agglomerates that are not in contact with each other ranges from 30 to 100 nm, which 

is an arrange of size lower than within the case of 15 min statement. A longer inundation handles driven the 

development of silver agglomerates into expansive precious stones with an articulated faceting (Figure 2, c)[10]. 

The watched wonder permits us to conclude that the drenching statement of silver on PS continues in understanding 

with the well-known Wolmer-Weber component, concurring to which the arrangement of lean movies happens as a 

result of the development of islands of matter, the strengths of interbank interaction interior which are higher than with 

the iotas of the substrate fabric. With an increment within the AgNO3 concentration to 3 mM, a similar pattern is 

Shown within the arrangement of a silver film on the PC surface: the move from the arrange of person particles (Figure 

3, a) to the arrange of an almost persistent film (Figure 3, b), and after that the appearance of expansive silver particles 

and the arrangement of auxiliary islands (Figure 3, c). This affirms the prior conclusion of almost the statement 

component [11]. 

   

a b c 

Figure 3. SEM images of the surface of PC samples kept in an aqueous solution of 3 mM AgNO3 and 1 M C2H5OH for 

40 (a), 50 (b), and 70 (c) min at a temperature of 20 ° C. 

Moreover in Figure 4 appears SEM photos of tests of silver nanostructures on PC arranged in a watery arrangement of 

1 mM AgNO3 and 1 M C2H5OH for 15 min at a temperature of 20 ° C or 40 ° C. As can be seen from Figure 4, the 

instrument of silver testimony is the same as at 20 ° C, but the rate of the silver decrease response increments, which 

leads to quicker development of silver particles on the PC surface. In this way, for the same testimony time, a bigger 

sum of huge silver particles can be gotten. 

a b 

Figure 4. SEM images f the surface of PC samples kept in an aqueous solution of 1 mM AgNO3 and 1 M C2H5OH for 

15 min at a temperature of 20 ° C (a), 40 ° C (b) 
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The statement of silver at higher concentrations of AgNO3 and an expanded temperature of the arrangement continues 

agreeing to the same component. Examination of the reflection spectra. It is known that a critical increment within the 

SERS flag happens due to solid nearby electromagnetic areas that emerge close to metallic nanostructures upon the 

excitation of localized surface plasmons. In this case, LSPR is watched at certain frequencies, driving to a critical 

(resounding) upgrade of retention/scrambling of occurrence radiation. 

Since PS substrates are dark within the unmistakable locale, the specular reflection spectra of silver nanostructures on 

PS were gotten in arranged to judge the position of the LSPR. In Figure 5, it appears the reflectance spectra of the tests 

shaped amid distinctive times of silver testimony at a concentration of 1 mM AgNO3. Within the long-wavelength 

locale of the spectra of silver nanostructures on PS, retention groups caused by the obstructions of light on PS are 

watched. In expansion, each of the reflection spectra contains two characteristic retention/scrambling groups within 

the interims 310–330 nm and 400–550 nm, related with retention/scrambling of radiation caused by LSPR in silver 

nanoparticles. With a longer silver statement time, the extend of measure scramble of metal particles increments, and 

their normal distance across moreover increments, which leads to broadening of assimilation groups in all reflection 

spectra and a move of their least to longer wavelengths [12]. With an increment within the AgNO3 concentration to 3 

and 10 mM, the retention/scattering groups are within the same regions as at a concentration of 1 mM. There's moreover 

a broadening of the groups with a longer testimony and a move of their least to longer wavelengths (Figure 6, a, b). 

 

 
 
 
 
 
 
 
 
 
 
 

 

Wavelength, nm                                    

 

Figure 5. Reflection spectra of silver nanostructures on PS formed by deposition of Ag particles on PS from an aqueous 
solution of 1 mM AgNO3 for different periods 
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Figure 6. Reflection spectra of silver nanostructures on PS formed by the deposition of Ag particles on PS from an aqueous solution of 
3 mM (a) and 10 mM (b) AgNO3 for different periods 

Ideal conditions for SERS spectroscopy from particles adsorbed on the surface of silver nanostructures on PS will be 

made utilizing energizing radiation with a wavelength falling into the LSPR locale of these structures. Hence, to 

guarantee the most extreme affectability of SERS spectroscopy utilizing the silver nanostructures gotten in this work on a 

PC, it is fitting to utilize a laser with a wavelength of 400 - 450 nm. 

 

Conclusions 

By inundation statement of silver on PS from a watery arrangement of silver nitrate and ethyl liquor, it is conceivable to 

make silver nanostructures on PS, showing LSPR within the excitation wavelength extend from 400 to 450 nm. It is 

accepted that the gotten structures can be utilized for quantitative and subjective investigation of fluids by the strategy of 
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SERS spectroscopy. Additionally, the ideal conditions for SERS spectroscopy ought to guarantee they utilize an energizing 

laser with a wavelength of 400–450 nm. 

Based on the results of experimental studies, the photoluminescence of the developed sensors was demonstrated at an X-

ray flux with energy (E ~ 6 keV), a flux of γ-quanta from 10 to 20 rad / s, and a flux of UV radiation with an energy of the 

order of a few milliwatts at excitation wavelengths λex = 275 and 325 nm . Original solutions of constructive variants of 

sensors for detecting X-ray and ultraviolet radiation are protected by patents of the Republic of Belarus for utility models. 
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