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Abstract. AgInS2 and CuInS2 stable colloids were prepared and the photoluminescence and absorption spectra of these nanoparticles were obtained. AgInS2 nanocomposite films were made by the layer-by-layer deposition method. It was found that 4-nitrophenol significantly reduces the photoluminescence intensity of AgInS2 and CuInS2 even at the lowest concentration of 0.1 mg/l.
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Introduction
Quantum dot synthesis technology has made a major breakthrough in practical applications and has achieved significant progress in commercial displays (QLED), saving energy, biosensors, photocatalysis, etc. [1-3]. I-III-VI AgInS2 and CuInS2 nanocrystals have a number of advantages, such as low cost and easy synthesis, and the main one is the absence of highly toxic (Cd, Pb) elements compared to other QDs [4-6]. Nanocrystals of this type have previously been used as a detector of pollutants, for example, heavy metals [7]. Sensors have revolutionized engineering systems due to their ability to detect changes in the environment, providing feedback to other electronic components. A current trend in the development of electronic sensor devices is the use of various types of nanomaterials to miniaturize and increase the sensitivity of sensors. Due to their mobility and naked eye visibility, fluorescent explosive sensors are widely used for the detection of explosives in water, organic solvents, and the gas phase. Nanomaterials have emerged as key players in sensor technologies due to their inherent optical properties, exceptional surface chemistry, unique wavelength tunability, and high quantum yield, which combine their selective sensing ability with a low detection limit and fast response [8]. The development of effective methods for detecting nitro compounds is an important step in solving the problem of environmental safety. An urgent task is to detect water contamination by organic residues, surfactants, pesticides, phenol compounds, in particular p-nitrophenol. The creation of sensors based on AgInS2 or CuInS2 nanoparticles will allow monitoring soil and water contamination, taking timely measures to prevent negative consequences and ensuring human health and environmental preservation.
Experimental
The synthesis of CuInS2 nanoparticles was carried out in a flask with active stirring. 20 ml of distilled water, 1 ml of CuSO4 solution, 0.04 ml of InCl3 solution and 0.4 ml of Na3Cit solution were added to the flask. After further addition of 10 μl of TGA and 62 μl of Na2S, the solution acquired a reddish-brown color, followed by heating the solution in a water bath at 80°C for 30 min. A 4-nitrophenol solution with a concentration of 1 g/l was diluted 10, 20, 40, 100, 1,000 times.
The AgInS2 nanoparticles colloids were obtained by a one-step synthesis method [9]. The AgInS2 colloidal solution with the ratio In:Ag = 5 with a maximum of PL in the red region of the spectrum (605 nm) was chosen for the production of nanocomposite films by the layer-by-layer deposition method reported earlier in [10].

Results and discussion
The reddish brown CuInS2 nanoparticles with PL maximum located at 700 nm were obtained at the ratio [In]/[Cu] = 4. The photoluminescence intensity of CuInS2 NPs in the solution significantly decreases with increasing the concentration of 4-nitrophenol from 0 to 10 mg/l (Fig.1). It was investigated in [11] that due to the electron-withdrawing nitro groups in the benzene ring, nitroaromatics with low energy of empty π* orbital are good acceptors of electrons, so electron-rich luminescent nanomaterials (CdSe/ZnS QDs) can be strongly quenched by nitroaromatics via photo-induced electron transfer (PET) or fluorescence resonance energy transfer (FRET). Control experiments with phenol did not show any photoluminescence quenching, which once again confirms the effect of the nitro group on reducing the intensity of photoluminescence of coloid CuInS2 semiconductor nanocrystals.
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Fig. 1. Change in PL intensity of coloid CuInS2 semiconductor nanocrystals depending on the concentration of 4-nitrophenol.
From the results of measuring the optical density (ABS) of the studied solutions, it was found that the the  optical density value decreases with the addition of 4-nitrophenol to the initial CuInS2 nanoparticles colloids (Fig. 2). Since 4-nitrophenol also absorbs in this spectral region, it is difficult to determine the effect of the nitro group on the optical density values of CuInS2 nanoparticles solution.
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Fig. 2. Absorption spectra of CuInS2 NP colloids
To study the sensor properties of the AgInS2 nanocomposite films, the PL spectra were measured before and after immersion in a solution with different concentrations of the  analyte. The spectra were normalized relative to the intensity of the lamp spectrum with which the samples were irradiated (405 nm). Fig. 3 shows the change in the PL intensity of the sensor based on the polycation film and AgInS2 semiconductor nanocrystals depending on the content of 4-nitrophenol. It is obvious that even at a low concentration of 4-nitrophenol (0.25 mg/ml) in the solution, there is a significant decrease in the intensity of the PL peak. These measurements indicate that these films, as CuInS2 colloids, can be used for production of luminescent sensors.
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Fig. 3. Change in the PL intensity of the sensor based on a polycationic film and AgInS2 semiconductor nanocrystals depending on the concentration of 4-nitrophenol.
The concentration dependence of the PL peak area of the sensor based on a polycationic film and AgInS2 semiconductor nanocrystals on the concentration of 4-nitrophenol is presented in Fig. 4. The tendency to decrease the PL peak area with increasing 4-nitrophenol concentration is observed even with a small content of 4-nitrophenol. 
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Fig. 4. Concentration dependence of the PL peak area of the sensor based on a polycationic film and semiconductor nanocrystals AgInS2 on the content of 4-nitrophenol.
Conclusions
1. AgInS2 and CuInS2 nanoparticles were synthesized by the hydrothermal method to obtain stable colloidal solutions for at least one month with no detectable degradation.
2. It was found that the -NO2 group in the benzene ring of 4-nitrophenol noticeably quenches the photoluminescence of AgInS2 and CuInS2 nanoparticles.
3. It was determined that the minimum concentration of 4-nitrophenol in the solution, at which a significant change in intensity occurred, was 0,1 mg/l.
[bookmark: _GoBack]Thus, the simplicity of the detection method, and particularly, the ability to use QD films for localized detection of explosives, support potential future applications of these systems.
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