Journal "Chemistry and Technology of Organic Substances", N 1 (25) /2023
Section I. ANALYTICAL CHEMISTRY
Derevyagina I.D., Morozova O.T., Serdukova O.V., Krizhanovskaya A.I. Determination of admixtures of diphenyloxide-3,3´,4,4´-tetracarboxylic and benzophenone- 3,3´,4,4´-tetracarboxylic acids in corresponding anhydrides

of these acids by gas chromatography method

Federal State Unitary Enterprise «State Scientific and Research Institute of Organic Chemistry and Technology» State Scientific Center of Russian Federation, Moscow 111024
Abstract
A method for the determination of admixtures of diphenyloxide-3,3´,4,4´-tetracarboxylic and benzophenone-3,3´,4,4´-tetracarboxylic acids in corresponding anhydrides has been proposed. The method is based on the application of an alkilating agent to yield volatile acid derivatives with subsequent chromatographing thereof with the use of a mass selective detector. In the course of the study, the conditions of the derivatization of benzenetetracarboxylic acids with trimethylsilyldiazomethane have been optimized, and the peculiarities of the formation of mass spectra of the derivatives under the conditions of electron ionization have been established. The method permits determining BPTCA in anhydrides in a range of 0,5 to 5,0 % mass. The relative error being no more than 16 and 14 % for diphenyloxide-3,3´,4,4´-tetracarboxylic and benzophenone-3,3´,4,4´-tetracarboxylic acids, corresponding.
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Abstract
The efficiency of extraction of organochlorine pesticides (OСPs) from various types of soil (sand, peat, soil) using accelerated solvent extraction (ASE) and liquid-liquid ultrasonic extraction was compared. The recoveries of OСPs (hexachlorobenzene and isomers of hexachlorocyclohexane) from sand and soil varied in the range 87–99% for ASE and 57–69% for ultrasonic extraction. Strong matrix effect decreased the recoveries of OСPs from peat down to 52–65% and 18–28%, respectively. ASE afforded to decrease extraction time in 4 times compared to ultrasonication. Optimal ASE parameters were found to be the following: one cycle hexane extraction for 5 minutes at 90 °C, under 1500 psi using sodium sulfate as a drying agent. The effect of GC-MS inlet parameters on the OСPs trace analysis has been studied; their optimization resulted in sensitivity gain up to ~2 times. Pulsed splitless injection mode at an inlet pulsed pressure of 35 psi, time duration of 0.5 min and inlet purge time of 1 min proved to be the best choice. The limits of detection in selected ion monitoring mode corresponding to 30 ng/kg for hexachlorobenzene (m/z 284) and 1,3 mkg/kg for isomers of hexachlorocyclohexane (m/z 181) were achieved. Calibration curve were linear in the range from 5 to 500 ng/ml. The usability of proposed sample preparation procedure for simultaneous determination of other OCPs (dichlorodiphenyltrichloroethane and dichlorodiphenyldichloroethane isomers and dichlorodiphenyldichloroethylene) was demonstrated.
Keywords: chlorinated pesticides; lindane; hexachlorobenzene; accelerated solvent extraction; pressurized extraction; ultrasonic extraction; gas chromatograpy; mass-spectrometry; soil.
References
1. Kaabak L.V., Koshelev A.V., Belikov V.A. et al. Conformational transformations of the γ-isomer of hexachlorocyclohexane during prolonged storage // Chemistry and Technology of Organic Substances. 2018. № 1 (5). С. 75–81. DOI: 10.54468/25876724_2018_1_75 (in. Russ.).

2. Analiz zagryaznenii pochvi i opasnykh otkhodov: prakticheskoe rukovodstvo / Yu.S. Drugov, A.A. Rodin. 6 izd. M.: Laboratoriya znanii, 2021 (in. Russ.).

3. Kondratyev V.B., Korol’kov M.V., Glukhan E.N., Kutkin A.V. Industrial implementation of innovative domestic technologies of recycling and destruction of polychlorinated biphenyls // Chemistry and Technology of Organic Substances. 2017. № 1 (1). P. 50–61. DOI: 10.54468/25876724_2017_1_50 (in. Russ.).

4. Mustafin D.I., Koshelev A.V., Golovkov V.F., Eleev J.A., Glukhan E.N. Chemical-technological aspects of technogenic soil sanation // Chemistry and Technology of Organic Substances. 2018. № 4 (8). P. 32–43. DOI: 10.54468/25876724_2018_4_32 (in. Russ.).

5. Golovkov V.F., Koshelev A.V., Glukhan E.N. et al. Methodical approach for survey of obsolete pesticides storages and abandoned toxic chemicals burial sites // Chemistry and Technology of Organic Substances. 2019. № 3 (11). P. 68–79. DOI: 10.54468/25876724_2019_3_68 (in. Russ.).

6. Eleev Yu.A., Glukhan E.N., Golovkov V.F., et al. Technology for cleaning internal surface of tanks from adhered solid chlororganic polymers // Chemistry and Technology of Organic Substances. 2019. № 4 (12). P. 62–75. DOI: 10.54468/25876724_2019_4_62 (in. Russ.).

7. Makartsev V.V., Abramov A.S., Zchukov V.V. et al. Development of a coating based on zirconium dioxide to improve the chemical resistance of refractories in thermal decontamination of organochlorine waste // Chemistry and Technology of Organic Substances. 2021. № 2 (18). P. 30–42. DOI: 10.54468/25876724_2021_2_30. (in. Russ.).

8. Koshelev A.V., Golovkov V.F., Eleev Yu.A., Kuchinskij E.V. Fundamentals of modern methodology and decision-making strategies for the rehabilitation of sites of accumulated environmental damage // Chemistry and Technology of Organic Substances. 2022. № 4 (24). P. 51–61 EDN: DPSLNN (in. Russ.).

9. PND-F 16.1:2.2:2.3:3.61-09. Metodika izmerenii massovykh dolei khlororganicheskikh pesticidov I polykhlorirovannix biphenilov v probakh pochv, donnikh otlozenii, osadkov stochnix vod, otkhodov proizvodstva i potrebleniya gazokhromatographicheskim metodom s mass-selektivnim detektirovaniem. Vved.13.11.2015.

10. Carandell N., Salvadó V., Hidalgo M., Alcaide A. Evaluation of extraction procedures of organochlorine pesticides from natural waters and sediments // International Journal of Environmental Analytical Chemistry. 2001. Vol. 81. № 4. P. 243–256.

11. Giergielewicz-Mozajska H., Dabrowski L., Namieśnik J. Accelerated solvent extraction (ASE) in the analysis of environmental solid samples – some aspects of theory and practice // Critical Reviews in Analytical Chemistry. 2001. Vol. 31. P. 149–165.

12. Camel V. Microwave-assisted solvent extraction of environmental samples // Trends in Аnalytical Сhemistry. 2000. Vol. 19. P. 229–248.

13. Sun H., Ge X., Lv Y., Wang A. Application of accelerated solvent extraction in the analysis of organic contaminants, bioactive and nutritional compounds in food and feed // Journal of Chromatography A. 2012. Vol. 1237. P. 1–23.

14. Conte E., Milani R., Morali G., Abballe F. Comparison between accelerated solvent extraction and traditional extraction method for the analysis of the herbicide diflufenican in soil // Journal of Chromatography A. 1997. Vol. 765. P. 121–125.

15. Sporring S., Bowadt S., Svensmark B., Björklund E. Comprehensive comparison of classic Soxhlet extraction with Soxtec extraction, ultrasonication extraction, supercritical fluid extraction, microwave assisted extraction and accelerated solvent extraction for the determination of polychlorinated biphenyls in soil // Journal of Chromatography A. 2005. Vol. 1090. P. 1–9.

16. Popp P., Keil P., Möder M. et al. Application of accelerated solvent extraction followed by gas chromatography, high-performance liquid chromatography-mass spectrometry for the determination of polycyclic aromatic hydrocarbons, chlorinated pesticides and polychlorinated dibenzo-p-dioxins and dibenzofurans in solid wastes // Journal of Chromatography A. 1997. Vol. 774. P. 203–211.

17. Zuloga O., Etxebarria N., Fernandez L.A., Madariaga J.M. Comparison of accelerated solvent extraction with microwave-assisted extraction and Soxhlet for the extraction of chlorinated biphenyls in soil samples // Trends in Analytical Chemistry. 1998. Vol. 17. P. 642–647.

18. Wang W., Meng B., Lu X. et al. Extraction of polycyclic aromatic hydrocarbons and organochlorine pesticides from soils: a comparison between Soxhlet extraction, microwave-assisted extraction and accelerated solvent extraction techniques // Analytica Chimica Acta. 2007. Vol. 602. P. 211–222.

19. Zhang W., Lv J., Shi R., Liao C. A rapid screening method for the determination of seventy pesticide residues in soil using microwave-assisted extraction coupled to gas chromatography and mass spectrometry // Soil and Sediment Contamination: An International Journal. 2012. Vol. 21. P. 407–418.

20. Duodu G.O., Goonetilleke A., Ayoko G. Optimization of in-cell accelerated solvent extraction technique for the determination of organochlorine pesticides in river sediments // Talanta. 2016. Vol. 150. P. 278–285.

21. Leyva-Morales J.B., Valdes-Torres J.B., Bastidas-Bastidas P.J., Betancourt-Lozano M. Validation and application of a multiresidue method, using accelerated solvent extraction followed by gas chromatography, for pesticides quantification in soil // Journal of Chromatographic Science. 2015. Vol. 53. P. 1623–1630.

22. Richter B.E., Jones B.A., Ezzell J.L., Porter N.L. Accelerated solvent extraction: A technique for sample preparation // Analytical Chemistry. 1996. Vol. 68. P. 1033–1039.

23. Yang R.-Zh., Wang J.-H., Wang M.-L. et al. Dispersive solid-phase extraction cleanup combined with accelerated solvent extraction for the determination of carbamate pesticide residues in Radix Glycyrrhizae samples by UPLC-MS-MS // Journal of Chromatographic Science. 2011. Vol. 49. P. 702–708.

24. Gan J., Papiernik S.K., Koskinen W.C., Yates S.R. Evaluation of accelerated solvent extraction (ASE) for analysis of pesticide residues in soil // Environmental Science and Technology. 1999. Vol. 33. P. 3249–3253.
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Abstract
The article analyzes the methods of describing the chromatographic peak and concludes that to date, many modifications of the theoretically expected normal distribution law have been proposed to describe chromatographic peaks that deviate, often significantly, from it. It is shown that the distortion of the normal law occurs as a result of continuous sorption and desorption of the substance in the chromatographic column, therefore, the following is introduced into consideration the distribution density function of the substance desorbed from the stationary phase at time t´ and reached the detection point at time t. This made it possible to obtain a general integral equation for the theoretical description of the chromatographic peak, which is called the basic chromatography equation in the work. A number of hypotheses were put forward about the form of the distribution law introduced into consideration and the corresponding convolutions for the assumed shape of thechromatographic peak were obtained. Processing of real peaks for various sets using the least squares method allowed us to establish that the best convergence with experimental data is provided by composition of normal

and exponential laws.
Keywords: chromatographic peak, distribution law, parameters of distribution law, composition of distribution laws, the basic chromatography equation, peak asymmetry and kurtosis.
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Comparative analysis and substantiation of approaches to synthesis that are promising for industrial implementation β-halostyrenes from cinnamic acid
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Abstract
A comparative evaluation of two approaches to the synthesis β-halogenstyrenes: dehydrohalogendecarboxylation of 2,3-dihalogen-3-phenylpropanoic acid, followed by exposure to a base and directly from cinnamic acid by the halide decarboxylation reaction. The conditions for the occurrence of a stereoselective process with the formation of the (Z)-isomer of β-bromostyrene are determined. It has been experimentally shown that the most promising in obtaining β-bromostyrene is a two-stage synthesis, while β-chlorostyrene can be obtained with a high yield and purity in a single-stage method.
Keywords: cinnamic acid, β-bromostyrene, β-chlorostyrene, phenylacetylene, synthesis.
References
1. Patent US 6350817 Phenylethynyl containing reactive additives / Connell J.; Smith J.; Hergenrother P.; № 19990290295; appl. 13.04.1999; publ. 26.02.2002.

2. Patent US 5567800 Imide oligomers endcapped with phenylethynyl phthalic anhydrides and polymers therefrom / Hergenrother P.; Smith Jr J.; appl. 28.10.1994; publ. 22.10.1996.

3. Patent US 5493002 Aryl ethynyl phthalic anhydrides and polymers with terminal or pendant amines prepared with aryl ethynyl phthalic anhydrides / Mcgrath J.; Meyer G. appl. 06.07.1994; publ. 20.02.1996.

4. Bova P.A., Prikhodko V.V., Kostikova N.A., Antonova M.M. Methods for the preparation of phenylacetylene based on cinnamic acid (review) // Chemistry and Technology of Organic Substances. 2022. N 2 (22). P. 24–43. (in Russ.).

5. Kuang C., Chunxiang Q., Senboku H. et al. Synthesis of (Z)-1-bromo-1-alkenes and terminal alkynes from anti-2,3-dibromoalkanoic acids by microwave-induced reaction // Tetrahedron. 2005. Vol. 61. N 16. P. 4043–4052. DOI:10.1016/j.tet.2005.02.043.

6. You H.W., Lee K.J. Halodecarboxylation of α,β-unsaturated carboxylic acids bearing aryl and styrenyl group at β-carbon with oxone® and sodium halide // Synlett. 2001. Vol. 2001. N 01. P. 0105–0107. DOI: 10.1055/s-2001-9734.

7. Hatvate N.T., Takale B.S., Ghodse S.M., et al. Transition metal free large-scale synthesis of aromatic vinyl chlorides from aromatic vinyl carboxylic acids using bleach // Tetrahedron Letters. 2018. Vol. 59. N 43. P. 3892–3894. DOI: 10.1016/j.tetlet.2018.09.034.

8. Huang Y.L., Cheng Y.H., Hsien K.C. et al. Concise bromodecarboxylation of cinnamic acids to β-bromostyrenes // Tetrahedron Letters. 2009. Vol. 50. N 16. P. 1834–1837.

9. Xv W., Zhang W., Zhang F. et al. Stereoselective synthesis of (Z)-β-arylvinyl bromides from anti-2, 3-dibromo-3-arylpropanoic acids // Journal of Chemical Research. 2014. Vol. 38. N 2. P. 115–117. DOI: 10.3184/174751914X13896335381533.

10. Mestdagh H., Puechberty A. Decarboxylative elimination of 2,3-dibromo-3-phenylpropanoic acid to E- or Z-1-bromo-2-phenylethylene (beta-bromostyrene): an experiment illustrating solvent effect on the stereochemical course of a reaction // Journal of Chemical Education. 1991. Vol. 68. N 6. P. 515. DOI: 10.1021/ed068p515.

11. Organicheskaya khimiya Marcha. Smit M. Pod red. prof. Yurovskoy. M.: Laboratoriya znaniy, T. 1, 2020. 458 s. (in Russ.).

12. Naskar D., Roy S. 1-Haloalkynes from propiolic acids: a novel catalytic halodecarboxylation protocol // The Journal of Organic Chemistry. 1999. Vol. 64. N 18. P. 6896–6897. DOI: 10.1021/jo990434g.

13. Krizhanovskaya A.I., Antonova M.M., Yakovleva V.A. et al. Method for halogenation of o-xylene with N-chlorineand N-bromsacharines // Chemistry and Technology of Organic Substances. 2022. N 3 (23). P. 4–17 (in Russ.).

14. Chowdhury S., Roy S. The first example of a catalytic Hunsdiecker reaction: synthesis of β-halostyrenes // The Journal of Organic Chemistry. 1997. Vol. 62. N 1. P. 199–200. DOI: 10.1021/jo951991f.
__________________________________________________________________
Section III. TECHNOLOGY OF ORGANIC SUBSTANCES
Karmishin A.M., Glukhan E.N., Kondrat’ev V.B., Panteleev V.V., Petrova D.D., Khrustalev R.A.
About the kinetics of chemical reactions
Federal State Unitary Enterprise «State Research Institute of Organic Chemistry and Technology» State Scientific Center of the Russian Federation, Moscow 111024

Abstract
A universal approach for describing the kinetics of chemical reactions, based on modeling the proportion of the substance that entered into the reaction (formed during the reaction) by the time t, is proposed. Examples of using this approach to describe the kinetics of different chemical reactions are given.
Keywords: kinetics of chemical reaction; reactions of zero, first and second orders; reversible and parallel reactions; speed of reaction; logarithmically normal law.
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Abstract
The main way to dispose of waste from the electronics industry is to incinerate or bury it (more than 70% of waste is disposed of withoutrecycling). This creates a global problem due to the high toxic properties of both metallic and non-metallic PCB components. In addition, expensive metals that are part of electronic equipment are disposed of. The article provides an overview of modern methods of biological leaching and biological sorption, as one of the methods of disposal of waste from the electronic industry.
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