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Xülasə. İonlaşdırıcı şüaların nanohissəciklərə təsiri, materialların kimyəvi və fiziki xüsusiyyətlərini 

dəyişdirə bilər. Furye infraqırmızı spektroskopiyası vasitəsilə bu proseslərin tədqiqi, 

nanomaterialların radiasiya mühitindəki davranışını daha yaxşı anlamağa və yeni tətbiq sahələrinin 

inkişafına yol açır. Bu tədqiqat, həm elmi, həm də praktiki baxımdan əhəmiyyət kəsb edir. Si/H2O 

(50, 100, 300-500 nm) yaradılan sistemlərdə gedən termiki və ionlaşdırıcı şüaların (60Co, P=18,17 

rad/san, T=300K, 373, 473, 573, 623 və 673K) təsirilə radiasiya-termiki proseslər zamanı alınan 

məhsullar və aralıq məhsulları tədqiq etmək üçün Furye infraqırmızı spektroskopiyasından istifadə 

edilmişdir. İonlaşdırıcı şüaların təsiri ilə nano-Si/H2O heterosistemində otaq temperaturunda 

(T=300K) suyun parçalanması zamanı aralıq - aktiv məhsullar (hidridlər və hidroksil qruplar) əmələ 

gəlməsi müəyyənləşdirilmişdir.  
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Abstract. The effect of ionizing radiation on nanoparticles can change the chemical and physical 

properties of materials. The study of these processes by means of Fourier infrared spectroscopy leads 

to a better understanding of the behavior of nanomaterials in the radiation environment and the 

development of new fields of application. This research is important from both scientific and practical 

point of view. Radiation-thermal under the influence of thermal and ionizing rays (60Co, P=18.17 

rad/sec, T=300K, 373, 473, 573, 623 and 673K) in the systems created in Si/H2O (50, 100, 300-500 

nm) Fourier infrared spectroscopy was used to study the products and intermediates obtained during 

the processes. The formation of intermediate - active products (hydrides and hydroxyl groups) during 

water splitting at room temperature (T=300K) in the nano-Si/H2O heterosystem under the influence 

of ionizing rays was determined. 
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Introduction. Fourier infrared spectroscopy of nanoparticles is a powerful tool for the study of 

materials at the micro- and nanoscale, with broad applications in modern science.  

There are various methods exist for investigating the intermediate products and end products 

resulting from the radiation-induced heterogeneous processes during the decomposition of water in 

metal and metal oxide/water systems of different sizes (nano-, micro-, and porous). One of these 

methods is infrared spectroscopy [1], [2]. This paper presents the results obtained from the 

spectroscopic investigation of radiation-thermal decomposition of water in the nano-Si/H2O system. 

Methodology. Using the Fourier infrared spectroscopy method, intermediate products such as 

silicon hydrides and hydroxyl groups obtained from the radiation-thermal decomposition of water in 
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the nano-Si/H2O systems were recorded in the temperature range of T=300-673K. The effect of γ-

quanta (T=473K, D=4 kQr) on the nano-Si/H2O system was examined, and changes in the absorption 

bands of water molecules and OH groups were observed. 

In Figure 1, the infrared spectra of the surface-treated nano-Si (curve 1) and the adsorption of 

water on the nano-Si surface (curve 2) recorded at room temperature (T=300K) are presented. From 

both curves (curve 1 and 2), it can be seen that the surface of the thermally treated nano-Si sample is 

clean, with no absorption bands corresponding to water and hydrocarbon compounds observed on its 

surface. Water molecules on the silicon surface exist in a dissociative and molecular adsorbed state, 

coordinated with an unsaturated coordination number (Si) and partly on positive Si+ centers. On the 

other hand, the spectra obtained after irradiating the systems created by the adsorption of water on 

the nano-Si surface with γ-quanta at doses of 25 kQr at temperatures of T=300 (3), 473 (4), and 673K 

(5) are shown in Figure 1. 

 

 
 

Figure 1. Fourier infrared spectra obtained from the surface-treated nano-Si (1), the system created 

by the adsorption of water on the nano-Si surface (2), and the systems created by the adsorption of 

water on the nano-Si surface after irradiation with γ-quanta at a dose of 25 kQr at temperatures of 

T=300 (3), 473 (4), and 673K (5) 

 

Results and discussions. In the unirradiated heterosystem, after the adsorption of water, 

absorption bands (3500-3000 cm⁻¹) are observed on the surface of nano-Si, indicating the occurrence 

of molecular adsorption of OH groups in the region of vibrational modes (maximum broad intense 

band at 3245 cm⁻¹) and dissociative chemisorption (maximum narrow bands at 3450 and 3530 cm⁻¹) 

(curve 2). The occurrence of these two types of adsorption is confirmed by the presence of absorption 

bands with maxima at 1630 and 1675 cm⁻¹ in the deformation mode region of the OH vibrations. 

At room temperature (T=300K), under the influence of γ - quantum, water splitting products 

and active intermediates are formed in nano-Si/H2O heterosystems (curve 3). Among these products, 

surface hydrides of silicon are of particular interest. In the spectrum, the maximum absorption bands 

at 2100 and 2000 cm-1 in the frequency range of 2000-1700 cm-1 indicate the presence of Si – H 

valence oscillations, as well as the formation of Si – H and Si – H2 type silicon hydrides. Among 

them, Si – H2 has a more stable form. It was not possible to record the absorption bands of 

intermediate active products containing oxygen, because those bands and the absorption bands of 

valence oscillations of Si – O (=1200 – 900 cm-1) cover each other. During water splitting, maximum 

absorption bands of 472, 798, 1025 cm-1 (curve 3) are observed in the region of =1400-400 cm-1, 

which belong to Si – O and Si – O – Si symmetric and asymmetric valence oscillations. This also 
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indicates the oxidation of the nano-Si surface, as the intensity of these bands increases with the 

increase of the decomposition temperature (curve 4, 5). 

Absorption of hydroxyl groups during thermal and radiation-thermal decomposition of water 

under the influence of  - quanta (P=18.17 rad/sec) and temperature (T=300, 373, 473, 573, 623 and 

673 K) in the Nano-Si/H2O system Kinetic dependences of relative optical densities (D/D0) of the 

bands on contact time were studied. Figure 2 shows the dependences of the thermal (dotted) 

decomposition of water at T=473K. 

With the increase of the contact time, there is an increase of hydrogen-bonded OH – groups 

(=3685 cm-1). Comparative analysis shows that the rate of decomposition of H-bonded groups (curve 

1) and collection of isolated OH-groups (curve 2) in the radiation-thermal process is greater than the 

rate of decomposition in the thermal process (curve 1, 2). This shows the stimulating role of radiation 

and agrees with the values of molecular hydrogen generation rate and energy output [3]. 

 

 
 

Figure 2. H-bond (1, 1) during radiation-thermal (1,2) and thermal (1, 2) splitting of water 

in Nano-Si/H2O system (T=473K) and time dependence of relative optical densities of absorption 

bands of isolated OH groups (2, 2) 

 

Conclusion. When studying the radiation-thermal decomposition of water in the Nano-Si/H2O 

system by Fourier Infrared spectroscopy, we can summarize the following ideas: 

1. It was determined that the rate of decomposition of H-bonded groups and the collection of 

isolated OH-groups during the radiation-thermal decomposition of water in the nano-Si/H2O system 

is greater than the rate of decomposition in the thermal process. This also shows the stimulating role 

of radiation and agrees with the values of molecular hydrogen generation rate and energy output. 

2. It was determined that intermediate active products (hydrides and hydroxyl groups) are 

formed during water splitting at room temperature (T=300K) in the nano-Si/H2O heterosystem under 

the influence of  -quanta. 
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