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Introduction

Plant biomass is a promissing renewable raw material for production a wide range of valuable organic compounds [1]. Lignin, cellulose, and hemicelluloses are major polymer components of natural biomass. Cellulose and hemicelluloses are plant polysaccharides, and lignin is the amorphous polymer, whose structure is formed by phenylpropane units [2]. In the chemical processing of wood in the pulp and hydrolysis industries only the cellulose component of woody biomass is used. Lignin remains a difficult-to-utilize waste that pollutes the environment [3]. Today, there are no efficient technologies for utilization of lignin warte. This is the main reason for the high relevance of research aimed at the development of new high-tech and green methods for lignin processing into valuable functional materials and at the study of their physical-chemical characteristics.

Plant biomass along whith polysaccharides and lignin contains the valuable low molecular weight compounds in particular, flavonoids -polyphenolic compounds that play an important role in plant metabolism [4,5]. The characteristic feature of these compounds is their ability to form chelate complexes with trivalent ions of rare earth metals. However, the features of the interaction of flavonoids with rare earth ions have not been studied in detail. The development of new approaches to the use of polyphenolic compounds from plant biomass can help to, expand the range of valuable products and increase the economic efficiency of wood raw material processing.

The goal of this work is to establish the composition, structure, and properties of ethanol lignins of coniferous and deciduos wood modified by sulfation of sulfamic acid and catalytic telomerization with 1,3-butadiene, of organic and carbon xerogels based on fir ethanol lignin and tannins, and to study of the interaction between flavonoids and ions of rare earth metals.

To achieve this goal, the following tasks are solved:

-To establish the composition, structure and thermochemical properties of fir, pine, aspen and birch ethanol lignins using the methods 1 H-NMR, 13 C-NMR, 31 P-NMR, thermogravimetric and differential thermal analysis, scanning electron microscopy, elemental analysis.

-To develop a new method for the synthesis of sulfated fir ethanol lignin based on the use of non-toxic sulfamic acid as a sulfation agent and to characterize them by IR, NMR spectroscopy, gel permeation chromatography, and elemental analysis.

-To establish the possibility of chemical modification of wood ethanol lignins by their catalytic telomerization with 1,3-butadiene and characterize the telomerized products by NMR spectroscopy and scanning electron microscopy.

-To develop a new method for production of porous lignin and tannins based organic and carbon xerogels and to characterized them by IR-spectroscopy, scanning electron microscopy and BET methods.

-To determine the equilibrium thermodynamic and spectral characteristics of complexes of flavonoids (morin, quercetin and their derivatives) with rare earth metals ions.

Scientific novelty. Using the method 13 P-NMR the content and distribution of different OH--groups in pine, fir, aspen, and birch ethanol lignins were firstly established.

The thermogravimetric thermal analysis has shown that guaiacyl structures in coniferous lignins are more stable than syringyl structures in decidous wood lignins. A new method of synthesis of sulfated fir ethanol lignin based on using non-toxic sulfamic acid as a sulfation agent has been developed. It was established by 2D NMR ( 1 Н-13 С) spectroscopy that the sulfamic acid predominantly reacts with alcohols groups of ethanol lignins. The GPC method has shown that sulfated ethanol lignin has a higher molecular mass and lower degree of polydispersity compared to the initial fir ethanol lignin. For the first time it is proposed to carry out chemical modification of ethanol lignins by catalytic telomerization with 1,3butadiene. New methods of synthesis of porous organic and carbon gels based on fir ethanol lignins and tannins were developed. The possibility to regulate the density and porosity of xerogels over a wide range by varying the ratio of tannin/ethanol lignin in the initial mixture was established. The constants for of the formation of complexes of various flavonoids with rare earth metal ions in aqueous solutions, were compazed.

The practical significance of this work. The results obtained can be used to develop new methods for production of functional biopolymers based on sulfated and telomerized wood lignins, and porous organic and carbon xerogels from wood polyphenols, which can be used as sorbents, insulating materials, targeted drug delivery systems, and in other areas.

Thermodynamic data on complexes of flavonoids and rare earth metal ions can be used for selective extraction and separation of these metals.

The following results are presented for defense:

Results of physical-chemical investigations of composition, structure, and thermochemical properties of coniferous (pine, fir) and decideous (birch, aspen) ethanol lignins.

Results of the study of new process of fir ethanol lignin sulfation with non-toxic sulfamic acid and of the structure of sulfated ethanol lignin.

Results of the study of the composition, thermal stability and morphology of ethanol lignins modified by catalytic telomerization with 1,3-butadiene.

Results of the study of the composition and structure of organic and carbon xerogels produced by new methods from fir ethanol lignin and tannins.

Data on constants of the formation of complexes of various flavonoids with ions of rare earth metals in aqueous solutions.

Results of this dissertation, have been published in eight articles in peer-reviewed journals.

Chapter 1

Literature Review

Structure and properties of lignins

Polyphenolic compounds that play the role of connective tissue in vascular plants -today called lignins -arose in nature during the evolution of higher plants about 360 million years ago [6]. Starting from the Сarboniferous period, when plants using lignin gain an evolutionary advantage, linings are ubiquitously present in the plant world [6]. The coal deposits that fueled the industrial revolution in the 18th and 19th centuries and were formed about 300 million years ago were also formed by the decomposition of vascular plants containing lignins.

The history of lignin research, which began in 1838 [7], has about 50,000-60,000 publications by 2022 (Figure 1).

Figure 1. Numbers of articels related with study of lignins

The structure of lignin is heterogeneous, consists of various structural units, has a wide degree of polymerization [8], and probably has a helical structure [START_REF] Edwards | Crystal structure of lignin peroxidase[END_REF][START_REF] Boerjan | [END_REF]. The main structural units of lignins are shown in Figure 2. The structural units of all types of lignins are phenylpropane structural units. Homologs of these structural units -coniferyl, synapyl, and n-coumaric alcohols -are also contained in the structure of lignin. The ratio of these compounds in the structure of lignins is not constant and varies widely depending on many factors. All these factors can be divided into two main groups. First, this ratio depends on the formation of plant cells during plant metabolism. The second factor is the influence on the lignin structure is the method of lignin isolation. Lignin can be isolated from wood by using various catalysts and under various conditions and all of these changes the lignin's structure.

There are many different ways to isolate lignins from natural biomass, which can be divided into two main groups. One of them includes the processes of depolymerization of lignin into soluble fragments, which are separated from the cellulose product. The second way is the hydrolysis of polysaccharides to soluble sugars, which are separated from solid lignin. An example of the first group is all processes of pulping, and an example of the second is the hydrolysis of lignocellulosic raw materials with the production of sugars, furfural and levulinic acid [START_REF] Кузнецов | Выделение, изучение и применение органосольвентных лигнинов (обзор)[END_REF].

Table 1 shows the main characteristics of lignins obtained from different types of wood by various extraction methods [START_REF] Кузнецов | Выделение, изучение и применение органосольвентных лигнинов (обзор)[END_REF]. It can be seen that the parameters of the molecular weight distribution of lignins is varied within wide limits.

IR spectroscopy is the effective method to study of the lignin structure. Since the structure of lignin includes aromatic, ketone and alcohol functional groups, the IR spectra of various types of lignins contain numerous absorption bands corresponding to different types of bonds. Table 2 contains the main groups of absorption bands in the IR spectra of ethanol lignins.

Table 2 -absorption bands in the IR spectra of ethanol lignins [START_REF] Микова | Изучение термохимических свойств этаноллигнинов пихты и осины[END_REF] Main absorption bands, cm - Depending on the type of plant, the characteristic bands in the IR spectra of lignin and their intensity can be using for identifying the structure and composition.

Obtaining and properties of organosolv lignins

The processes for extracting lignins from wood using various solvents include several stages. At the first stage, wood is treated with an organic solvent in an autoclave (reactor) at a solvent vapor pressure of 1 to 6 atmospheres. The process is continued for several hours at elevated temperatures. Next, lignin is isolated from the black liquor. Usually, the delignification process is carried out at temperatures not exceeding 250 °C. The role of catalysts in these processes can be played by various compounds, for example, mineral acids (hydrochloric, sulfuric, or acetic acid). Various metals, ammonium salts, and aromatic compounds are also can be used as catalysts for this process.

The degree of the extraction of lignins from wood depends on numerous fators. The key role in these parameters is the properties of the solvent used for wood delignification, the nature of catalysts, and the technological features of the delignification process. The whole variety of organo-solvent delignification processes can be divided into three main groups: processes without catalysts, processes with basic catalysts are used, and with the use of acid catalysts.

Delignification processes with basic (alkaline) catalysts are possible due to processes of hydrolysis of β-ester bonds in lignin. When strong mineral acids are used as catalysts, the process of destruction of β-and α-ester bonds in lignins is observed. The yield of lignin in this process is dependent on the conditions. Usually, no more than 5-15% of the total mass of lignins is extracted. The maximum yield of lignins isolation in delignification processes does not exceed 25%.

For the delignification processes, low-boiling organic solvents such as aliphatic alcohols, acetone, ethyl acetate, and other ethers are most often used. These solvents can be easily regenerated in the laboratory by simple distillation methods. The use of a mixture of solvents makes it possible to use one of the solvent components as a delignification catalyst.

For example, a mixture of ethanol or ketone with organic acids.

One of the most commonly used schemes is the interaction with an alcohol solution of water:ethanol in a ratio of 1 to 1. Wood is heated to 190 ° C and (at a pressure of no more than 28 atm.) in a water-alcohol mixture [START_REF] Pye | The Alcell process a proven alternative to kraftpulping[END_REF]. The extracted cellulose is separated by filtration, and the liquor is exposed to distillation (to remove ethanol) and centrifugation.

Ethanolignin obtained by alcohol delignification has good solubility in various organic solvents (acetone, tetrahydrofuran, ethyl acetate, etc.) and is practically insoluble in water.

Numerous examples demonstrate that autocatalytic and acid-catalytic organosolvent processes provide a high yield for hardwoods [START_REF] Кузнецов | Выделение, изучение и применение органосольвентных лигнинов (обзор)[END_REF], but not for softwoods. The use of alkali-organo-solvent wood pulping processes eliminates this problem. According to [START_REF] Lindner | Characterization of lignins from organosolv pulping according to the organocell process PART 1. Elemental analysis, nonlignin portions and functional groups / A[END_REF],

authors use a 50% methanol solution and sodium hydroxide at a temperature of 170-190 °C (duration 60-90 minutes) and demonstrate that the structure of the resulting lignin is more heterogeneous compared to lignin obtained with using autocatalyzed or acid-catalyzed organo-solvent processes.

The presence of acids in organic solvents greatly facilitates the processes of wood delignification. It was found that formic and acetic acids contribute to the destruction of αester bonds in lignin molecules. Also, the presence of acid improves the solubility of fragments of lignin molecules formed as a result of depolymerization in the process of delignification [START_REF] Patt | Ullmann's encyclopedia of industrial chemistr[END_REF]. In addition, formic acid accelerates the process more effectively than acetic acid. The optimal conditions for delignification when using concentrated formic acid are achieved at a temperature of 90-120 °C for 30-90 minutes [START_REF] Dapia | Study of formic acid as an agent for biomass fractionation[END_REF]. Wood delignification at low temperature and atmospheric pressure needs to introduce hydrogen peroxide or using catalysts such as hydrochloric, sulfuric or molybdic acid, or titanium dioxide (IV) [START_REF] Кузнецов | Выделение, изучение и применение органосольвентных лигнинов (обзор)[END_REF].

Other organic solvents are also applicable for the efficient extraction of lignin from various types of wood. In works [START_REF] Quesada-Medina | Organosolv extraction of lignin from hydrolyzed almond shells and application of the d-value theory[END_REF][START_REF] Boeriu | Fractionation of five technical lignins by selective extraction in green solvents and characterization of isolated fractions[END_REF][START_REF] Ilyasov | Acetolignin Preparation from Miscanthus Chinese[END_REF] several schemes have been described for extracting lignins with acetone using hydrolyzed biomass. It was found that the optimal conditions for this process is a solvent concentration of 75%, duration of 40 minutes, and the temperature of 210 °C.

Obtaining and properties of sulfated lignins

Lignin is formed as a waste product in various industries. It is expected that the amount of lignin will increase significantly with the launch of second-generation bioethanol plants [START_REF] Lin | Ethanol fermentation from biomass resources: current state and prospects[END_REF].

One of the promising areas of lignin processing is the development of new derivatives containing a sulfate group. The presence of a sulfate group gives the plant polymer the ability to dissolve in water and increase its biodegradability. The general structure of sulfated lignins is shown in Figure 3. The theoretical structural conformers for sulfated lignins are shown in Figure 4. One of the most important properties of sulfated natural macromolecules (such as some sulfated carbohydrates, including heparin, dextran sulfate, fucoidans and sulfated galactans) is the ability to inhibit the reproduction of HSV (herpes simplex virus) and HIV viruses due to their structural similarity to heparan sulfate [START_REF] Raghuraman | Viral Inhibition Studies on Sulfated Lignin, a Chemically Modified Biopolymer and a Potential Mimic of Heparan Sulfate[END_REF]. Recent studies of sulfated derivatives of E. coli K5 polysaccharides effectively prove that these derivatives are antagonists for HIV-1 (HIV-1 Tat protein antagonist activity) [START_REF] Raghuraman | Viral Inhibition Studies on Sulfated Lignin, a Chemically Modified Biopolymer and a Potential Mimic of Heparan Sulfate[END_REF]. Thus, sulfated non-polysaccharide macromolecules must also exhibit viral antagonistic activity. A potential advantage of sulfated non-polysaccharide molecules may be their easier preparation.

The methods of sulfation of lignins described in the literature requires the use of toxic and environmentally unsafe components. The development of new ways and methods of sulfation of ethanol lignins with using non-toxic sulfating agents allow to a more efficient use of lignins.

Preparation and properties of lignin-based gels

The chemical and thermal stability, high porosity of organic and carbon gels make these materials promising for use in medicine, catalysis, adsorption, and as the fuel cell capacitors. (Figure 5) [START_REF] Tao | A Review of Synthesis and Nanopore Structures of Organic Polymer Aerogels and Carbon Aerogels[END_REF][START_REF] Saliger | High surface area carbon aerogels for supercapacitors[END_REF][START_REF] Zapata-Benabithe | Activated Carbon Bio-Xerogels as Electrodes for Super Capacitors Applications[END_REF][START_REF] Amaral-Labat | Rubber-like materials derived from biosoursed phenolic resins / G[END_REF][START_REF] Lee | Preparation of carbon aerogel in ambient conditions for electrical double layer capacitor[END_REF][START_REF] Shimizu | Silicone-Based Organic-Inorganic Hybrid Aerogels and Xerogels[END_REF].

An urgent task is to improve the methods of organic gels synthesis by selection of non-toxic reagents and optimal conditions of gelation process. In the literature, there are examples of the use of natural polyphenolic compounds-condensed tannins and lignins for the preparation of gels by sol-gel condensation with formaldehyde [START_REF] Li | Characterization of the microstructures of organic and carbon aerogels based upon mixed cresol-formaldehyde[END_REF][START_REF] Zanto | Sol-gel-derived carbon aerogels and xerogels: design of experiments approach to materials synthesis[END_REF][START_REF] Scherdel | Carbon xerogels synthesized via phenol-formaldehyde gels / C. Scherdel, G. Reichenauer // Microporous and Mesoporous Materials[END_REF][START_REF] Wu | Low-density organic and carbon aerogels from the sol-gel polymerization of phenol with formaldehyde / D[END_REF][START_REF] Szczurek | New families of carbon gels based on natural resources / A[END_REF][START_REF] Grishechko | New tannin-lignin aerogels[END_REF]. The reactivity of macromolecules of tannins in crosslinking reactions with aldehydes is due to the presence of a large number of OH groups. The tannins isolated from wood and bark of tropical varieties of mimosa and acacia (quebracho) are widely used as the available initial compounds for the preparation of the organic and carbon gels. Condensed tannins, also known as proanthocyanidins, are oligomers or polymers consisting of two or more units of 3,4-flavondiol or 3-flavonol (usually catechins or epicatechins). The structures of condensed tannins obtained from various raw materials differ in the content of OH groups in monomers units, in the ratio cis-and trans-monomers of catechin and epicatechin, and in the degree of polymerization.

Despite the specific differences in the structure and composition of flavonoid units, the condensed tannins of quebracho, fir, spruce, are typical representatives of the phenolic substances of pyrocatechol group [START_REF] Grishechko | New tannin-lignin aerogels[END_REF][START_REF] Pizzi | Tannin-Based Biofoams[END_REF][START_REF] Grishechko | Lignin-phenol-formaldehyde aerogels and cryogels / L[END_REF][START_REF] Thakur | Recent advances in green hydrogels from lignin: a review / V.K. Thakur[END_REF][START_REF] Chorbani | Lignin Phenol Formaldehyde Resoles: The Impact of Lignin Type on Adhesive Properties[END_REF][START_REF] Tejado | Lignins for phenol replacement in novolac-type phenolic formulations, part I: lignophenolic resins synthesis and characterization[END_REF]. They have similar behavior in terms of their reactivity and tendency to cross-link with formaldehyde in the synthesis of organic gels. Carbon gels (CG) are usually obtained by pyrolysis of organic gels synthesized by the sol-gel polycondensation. Carbonization of organic gels in an inert medium at temperatures of 600-1000°C is a traditional way of obtaining carbon gels [START_REF] Wang | Synthesis of phenol-formaldehyde resol resins using organosolv pine lignins[END_REF][START_REF] Lacoste | Pine tannine based rigid foams: mechanical and thermal properties / C. Lacoste[END_REF][START_REF] Moreno | Carbonization of resorcinol-formaldehyde organic xerogels: effect of temperature, particle size and heating rate on the porosity of carbon xerogels[END_REF][START_REF] Grishechko | highly porous, carbon xerogel microspheres / L.I. Grishechko[END_REF]. In this process of controlled heat treatment, due to the evolution of labile functional groups and fragments, a more stable and perfect structure of the carbon gel is formed.

Modification of plant polymers by telomerization

Telomerization is a radical polymerization reaction when the degree of polymerization is limited by the size of the oligomer molecule. In practice, the implementation of telomerization is almost always carried out according to the scheme of dimerization of 1,3-dienes with the simultaneous addition of a nucleophile (telomer) in a catalytic reaction [START_REF] Mesnager | Telomerization of butadiene with starch in water: role of the surfactants / J. Mesnager[END_REF]. Scheme 1 demonstrates the reaction of telomerization of 1,3butadiene with starch in an aqueous medium [START_REF] Mesnager | Telomerization of butadiene with starch in water: role of the surfactants / J. Mesnager[END_REF] (Scheme 1).

Scheme 1. Telomerization of starch with 1,3-butadiene [START_REF] Mesnager | Telomerization of butadiene with starch in water: role of the surfactants / J. Mesnager[END_REF] As a catalyst for such type of reaction can be used various complexes of organophosphorus ligands with Palladium(II). This type of catalyst is effective only in solutions, due to the formation of coordination compounds with palladium(II) is possible only in the presence of the [Pd(solv)] 2+ solvation shell, which makes it possible to form outer-sphere complexes of triphenylphosphine derivatives with metal atoms. The introduction of unsaturated units into the structure of natural polymers noticeably changes their properties [START_REF] Mesnager | Telomerization of butadiene with starch in water: role of the surfactants / J. Mesnager[END_REF].

Extraction, structure, and properties of flavonoids

Flavonoids are a wide class of natural polyphenolic compounds. Being secondary metabolites, flavonoids exist ubiquitous in the plant world [START_REF] Formica | Review of the Biology of Quercetin and Related Bioflavonoids[END_REF] and contains in natural biomass. Like lignin, flavonoids have played a critical role in the evolution of vascular plants on earth. The distribution and diversity of flavonoids found in the plant world are illustrated in Figure 7 [START_REF] Formica | Review of the Biology of Quercetin and Related Bioflavonoids[END_REF]. The various qualities, such as antioxidant [START_REF] Subash | Морин a Flavonoid Exerts Antioxidant Potential in Chronic Hyperammonemic Rats: a Biochemical and Histopathological Study / S. Subash[END_REF][START_REF] Nijveldt | Flavonoids: a Review of Probable Mechanisms of Action and Potential Applications[END_REF], anticancer [START_REF] Marchand | Cancer preventive effects of flavonoids-a review / L. Le Marchand[END_REF][START_REF] Romagnolo | Flavonoids and cancer prevention: a review of the evidence / D.F. Romagnolo, O.I. Selmin[END_REF],

antibacterial [START_REF] Amin | Antibiotic additive and synergistic action of rutin, морин and quercetin against methicillin resistant Staphylococcus aureus[END_REF] and antidiabetic [START_REF] Caselli | A Promising Natural Drug / A[END_REF] activities, demonstrated a multifaceted nature of flavonoids. Flavonoids serve as a carrier of hydrogen atoms at the final stages of the respiration process [START_REF] Miller | Role of Flavonoids as Antioxidants in Human Organism[END_REF]. Chapter 2 Materials and Methods

Morin and

Reagents and their preparation

Ethano lignins from coniferous (fir, pine) and hardwood (aspen and birch) were isolated by extraction with 60% ethanol in an autoclave at a temperature of 180 ˚C. The yield of ethanol lignin was 30-32 wt. % relative to the mass of lignin in initial woods.

All chemicals were used without being exposed to any extra purification process.

Stock solutions of lanthanide metals and of flavonoids were obtained by dissolution of dry salts and ligand weights. The metal salts were dissolved in distilled water; the flavonoids were dissolved in water/ethanol mixture.

All chemicals were of analytical grade: morin (Sigma-Aldrich, ≥95%), quercetin (Sigma-Aldrich, ≥95%), glycine (≥99%), HCl(≥99%), H2SO4(≥99%), EDTA(≥98%), NaOH(≥97%), NaCl(≥99%), NaClO4 (≥98%, free of chloride admixture), LnCl3•xH2O, Ln=La (≥99.99%), Ce(≥99%), Pr(≥99.9%), Nd(≥99.7%), Sm(≥99.9%), Eu(≥99.8%), Gd(≥99.9%), Tb(≥99.9%), Ho(≥99.9%), Dy(≥99%), Er(≥99%), Tm(≥99%), Yb(≥98%), Lu(≥99.9%).

Buffer solutions within the pH range from 1.80 to 3.60 were prepared with glycine and HCl, from 3.60 to 5.60 with CH3COOH and CH3COONa, and from 7.00 to 8.00 with Tris and HCl. Citric buffer (citric acid+NaH2PO4, pH from 3.60 to 7.00) was use for the determination of pKa. The concentration of HCl was determined by means of titration with a standardized solution of Na2CO3.

Sodium chloride was used as a background electrolyte (the formation of chloride complexes of the metals can be ignored under such condition). To maintain the accurate value of ionic strength, the concentrations of other ions (buffer components and metal salts)

were taking into account. The total value of ionic strength in each sample was 1.00±0.03 M.

The concentration of ethanol did not exceed 2% in the final solution.

Stock wolution of metals were prepeared with concentration 0.1 M.

Synthesis of sulfonated lignins

Siberian abies wood (Abies sibirica) containing 45.7% cellulose, 25.3% lignin, 17.7% hemicellulose, 6.2% extractives, and 0.5% ash (in percentage, calculated based on the mass of absolutely dry wood) was used for ethanol lignin isolation. The wood was ground to particles with the size of less than 1 mm. After that, the particles were deresinated by hexane (in accordance with the standard ANSI/ASTM D 1105 method) and then dried at 80 °C up to a moisture content of less than 1% of mass. The deresinated air-dry sawdust was treated in a BP-2 shaker. Isolation of ethanol lignin from wood was carried out by extraction with ethanol-water mixture at a temperature of 185 °C and subsequent precipitation with cold water according to the method described in [START_REF] Quesada-Medina | Organosolv extraction of lignin from hydrolyzed almond shells and application of the d-value theory[END_REF]. The yield of ethanol lignin was 9.5% of wood mass (30% of the initial lignin content in wood). The sulfation of ethanol lignin was carried out in a three-neck flask (150 ml) equipped with a reflux condenser, a thermometer and a mechanical stirrer to add 1.25 g of ethanol lignin to a mixture of sulfamic acid and urea (mol. ratio 1:1) in 15 ml of 1,4-dioxane heated to 80-100 °C. The mixture was intensively stirred at a temperature of 80-100 °C for 1-3 h. Then, the reaction mixture was cooled to room temperature, the solvent was decanted, and the remaining solid product was dissolved in a small amount of water and neutralized with aqueous ammonia to pH 8. To remove the excess of reactants, the product was dialyzed against water in a plastic bag of MF-503-46

MFPI brand (USA) with a pore size of 3.5 kDa during 8-10 h. The water was changed every hour. After dialysis, an aqueous solution of sulfated lignin was evaporated with the use of a rotary evaporator to obtain a solid residue-sulfated lignin in the form of an ammonium salt.

Elemental analysis of sulfated lignin was performed on a FlashEA 1112 elemental analyzer (ThermoQuest, Italia). The sulfur content in sulfated ethanol lignin was determined by burning the sample in a stream of oxygen at a temperature of 1000 °C, followed by absorption of the combustion products by a 6% aqueous solution of hydrogen peroxide. The resulting sulfuric acid was titrated with 0.01 N sodium hydroxide solution with methyl red as an indicator. The yield of water-soluble sulfated ethanol lignin (% of mass) was determined as the ratio of the mass of sulfated lignin obtained after purification to the mass of the initial lignin multiplied by 100%. The qualitative assessment of the solubility of ethanol lignin and sulfated lignin was carried out as follows. One gram of finely ground lignin powder was added to a test tube with 20 ml of solvent and continuously shaken for 30 min at a temperature of 20 ± 2 °C. If the lignin was completely dissolved, it was considered soluble in this solvent.

The FTIR spectra of initial lignin and sulfated lignin were recorded using a Tensor-27 FTIR spectrometer (Bruker, Germany) within the wave number range of 400-4000 cm-1.

The spectral information was analyzed using the OPUS program (version 5.0). Solid samples for analysis were prepared in the form of pills in a KBr matrix (2 mg sample/1000 mg KBr).

Two-dimensional HSQC NMR spectra were registered at 25 °C on a Bruker AVANCE III spectrometer [600 MHz ( 1 H) and 155 MHz ( 13 C)]. About 80 mg of lignin in 1.0 ml of deuterated dimethyl sulfoxide was set to dissolve for at least 12 h. The number of spectrum accumulations was 16 and 128 time increments overall. The interscan relaxation delay was set to 5 s. A solvent peak was used as an internal reference (δ 13 C 40.1 ppm; δ 1 H 2.5 ppm).

The cross-signals of the HSQC spectra were interpreted according to literature data.

The average molecular weight (Mw), average molecular mass (Mn) and polydispersity of sulfated ethanol lignin samples were defined by gel permeation chromatography using an Agilent 1260 Infinity II Multi-Detector GPC/SEC System chromatograph with triple detection: by a refractometer (RI), by a viscometer (VS) and by light scattering (LS). The separation was made on two aquagel-OH MIXED-M columns using the solution 0.2M NaNO3 + 0.01MNaH2PO4 in water (pH 7) as the mobile phase. The column was calibrated using polydisperse polyethylene glycol standards (Agilent, USA). The flow rate of the eluent was 1 ml/min, and the volume of the used sample was 100 μl. Prior to the analysis, the samples were dissolved in the mobile phase (1 mg/ml) and filtered through a 0.45-μm PTFE membrane filter (Millipore). Data collection and data processing were performed using Agilent GPC/SEC MDS software.

The sulfur content in samples of sulfated fir ethanol lignin was determined by a modified procedure [START_REF] Черонис | Микро-и полумикрометоды органического функционального анализа[END_REF]: heating in an oxygen flow at a temperature of 1000°C, followed by absorption of the combustion products with a 6% aqueous solution of hydrogen peroxide.

The combustion of the test sample proceeds according to the reaction:

R(OSO3NH4)x + 2xO2 → xSO3 + x/2N2 + 2xH2O.
The concentration of sulfuric acid was determined by acid-base titration (0.01 M NaOH) with using methyl red as indicator.

The sulfur content was calculated by the following equation:

S = × , × % ,
where a -volume of NaOH solution (ml), 0.1630 is the amount of S (mg) corresponding to 1 ml of 0.01 N NaOH solution; correction coefficient for precise concentration of alkali, bmass of sulfonated lignin sample (mg). The amount of the sulfation complex was approximated by empiric formula for Björkman lignin [START_REF] Calvo-Flores | Lignin and Lignans as Renewable Raw Materials: Chemistry, Technology and Applications[END_REF] for single phenylpropane unit С9Н8,83О2,37(ОСН3)0,96. Single structural lignins unit contain 0.9 mol of free aliphatic hydroxyl groups that can be sulfated. The degree of sulfation (X) was calculated by the following equation:

X = , ( • , )• ,
, where 184.5 -molar weight of lignin structural unit (g/mol), S -sulfur content (wt., %) in sulfated lignin, 32 -atomic weight of sulfur, 0.9 -numbers of aliphatic hydroxyl groups, 87

-the difference between-OSO3NH4-and -ОН -molar weight.

Synthesis of lignin-based and flavonoid-based gels

To obtain gels, the polyphenolic compounds -condensed tannins and ethanol lignin were used. Tannins were extracted by ethanol from fir bark from which resinous substances were removed by diethyl ether. The ethanol lignin was prepared by treatment of fir wood using 60% aqueous solution of ethanol at supercritical condition (170-190 ˚С, 2-3 atmosphere, time of reaction -2 hours). After that black liquor has been cooled and the lignin was precipitated using distillate water according to the procedure described in [START_REF] Quesada-Medina | Organosolv extraction of lignin from hydrolyzed almond shells and application of the d-value theory[END_REF].

Preparation of tannin-formaldehyde (TF) and tannin-lignin-formaldehyde (TLF) xerogels was carried out in ethanol [START_REF] Diouf | Structural elucidation of condenced tannin from Piceamariana bark[END_REF]. Polyphenolic compounds in required concentration were mixed with 37% formaldehyde aqueous solution at a mass ratio of 1.0: 1.5. The concentration of initial components was varied in the range of tannin:lignin ratios 0.25-1.0:1.0-0.25. Sodium hydroxide, HCl and HCOOH were used to achieve an optimal pH.

The solutions were kept in hermetically sealed glass tubes, at a temperature of 75 ° C for 5 days. Then the formed gels were extracted from tubes and placed in a flask with ethanol, this flask was shaken at 40ºС for 72 h. The ethanol was refreshed at each 24 h. The obtained samples of gels were frozen at -20 °С under atmospheric pressure for 48 hours [START_REF] Henry | Sulfated low molecular weight lignins, allosteric inhibitors of coagulation proteinases via the heparin binding site, significantly alter the active site of thrombin and factor xa compared to heparin / B[END_REF]. After that, the samples were transferred to the freeze drying apparatus chamber, where the drying was performed at an operating pressure of 3.3 Pa and a temperature of -44ºС.

Surface area (SBET, m 2 /g) and porous volume were determined using BET-method.

Nitrogen adsorption-desorption isotherms were obtained at -196°C using an ASAP 2020 automatic adsorption apparatus (Micrometrics, USA). Pore size distributions of samples were determined by the BJH method, using the software program supplied with the ASAP 2020 adsorption apparatus. Before measurements, the samples undergo heating for 2 hours at a temperature of 80 ° C in vacuum for degassing.

The apparent (bulk) density of gels (g/cm 3 ) was calculated from three parallel measurements based on the ratio of the weight of the sample ground into powder to the volume it occupies.

The microstructure of the samples was studied by scanning electron microscopy in secondary electrons (S5500, Hitachi) and in back reflected electrons (TM-3000, Hitachi). The samples, the xerogels were fixed on the instrument table with two-sided conducting carbon tape and platinum was sprayed onto the surface using a K575X magnetron (Emitéch, England).

Thermogravimetric study of samples of organic gels was performed using the analyzer "Netzsch STA 449F1". The sample was heated in an argon atmosphere in an aluminum crucible from 400 to 800° C at a speed heating of 10°C/min. The elemental composition of the studied samples was determined using the HCNS-0 EA 1112 analyzer (Flash, USA).

Preparation of carbon gels was carried out by carbonization in an argon-purged tubular electric oven. The carbonization temperature was 800°C, the isothermal exposure was 2 h. The oven heating rate was 5°C/min, and the argon gas rate was 500 ml/h. The yield of carbon gels (%) was determined by the dry mass of the initial sample, the errors of measurements of the yield were within ± 1-3%.

Telomerization of lignins in aqueous solutions

For catalytic telomerization of lignins, a sample of lignin (0.35 g) was dissolved in 70 ml of NaOH solution. The amount of alkali in the solution was equal in weight to a sample of lignin.

The complex of palladium diacetate with TTPTS, which was prepared before in a solution, was used as a catalyst. For the preparation of catalyst 0.0059 g of Pd(OAc)2 and 0.024 g of TTPTS were added to the solution, which led to the formation of the triligand complex [Pd(TTPTS)3] 2+ . After preparing the solution of lignin with a catalyst, it was replaced in a 110 cm 3 cylindric steel reactor. The pressure of 1,3-butadiene was 3-4 atm. for each series that corresponds to 1-3 grams.

The telomerization reaction was carried out at a temperature of 50 or 70 ˚C for 2 to 48 hours with vigorous stirring. After this, the lignin was precipitated by a 10% hydrochloric acid solution, washed three times, and centrifuged. The resulting samples were dried at a temperature not exceeding 40 ˚C in a vacuum.

Synthesis of flavonoids derivatives

In this work, sulfate and bromine derivatives of Quercetin and Morine were synthesized. Sulfation of morin and quercetin was carried out according to the reactions shown in Scheme 3 [START_REF] Kopacz | Quercetin-and Моринsulfonates as Analytical Reagents / M. Kopacz[END_REF].

Scheme 3. Sulfation of Morin and Quercetin

In a 50 ml round bottom flask, 20 ml of concentrated sulfuric acid was added to 5 g of quercetin. The reaction mixture was stirred for 2 h at 80°C. After the reaction, the resulting product was precipitated with distilled water. The precipitated red-orange crystals were separated by centrifugation and then recrystallized three times. Sulfation of morine was carried out by a similar scheme but the resulting product was neutralized with NaOH, after which it was precipitated by a concentrated NaCl solution. The resulting productsquercetin-5'-sulfonic acid (QSA) and morine-5'-sulfonic acid (MSA) -were identified using UV and IR spectra.

6-Bromoquercetin has been synthezied by a bromation of quercetin by 0.3 ml bromine in a dioxane solution of quercetin [START_REF] Nagimova | Synthesis of biologically active bromine derivatives of quercetin / A.D[END_REF]. The precipitated orange crystals were recrystallized from ethanol (Scheme 4).

Scheme 4. Synthesis of 6-bromomorin

Study of lignins by physical-chemical methods of analysis

The advancement of the reaction can be followed by 31 Thermogravimetric study of the samples of lignins wasperformed using the analyzer "Netzsch STA 449F1." Heating was carried out at a temperature rise rate of 10°C/minute with holding at the final temperature for 10 minutes. The sample was heated in an argon and air atmosphere in an aluminum crucible from 30 to 90 °C at a speed heating of 10 °C/min.

The elemental composition of the studied samples was determined using the HCNS-0 EA 1112 analyzer (Flash, USA).

The weight average molecular weight (Mw), number average molecular weight (Mn), and the polydispersity of the samples were determined by gel permeation chromatography using an Agilent 1260 Infinity II Multi-Detector GPC/SEC System chromatograph. Data collection and processing were performed using Agilent GPC/SEC MDS software.

Elemental analysis of sulfated lignin was performed on a FlashEA 1112 elemental analyzer (ThermoQuest, Italia).

Study of acid-base and complexing equilibria in solutions

The dissociation constants (Ka) were calculated with the following equations [START_REF] Lutoshkin | Acid-base properties and keto-enol equilibrium of a 5-substituted derivative of 1,3-diethyl-2-thiobarbituric acid / M.A. Lutoshkin[END_REF]:

] [ ]) [ ( H K H K C A a HL a L HL i , (1) 
with the Henderson-Hasselbach equation [START_REF] Lutoshkin | Acid-base properties and keto-enol equilibrium of a 5-substituted derivative of 1,3-diethyl-2-thiobarbituric acid / M.A. Lutoshkin[END_REF]:
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where IR is ionization ratio. The non-linear Cox-Yates method [START_REF] Cox | Acidity functions: an update / R. Cox // Can[END_REF] based on the excess acidity function χ [START_REF] Cox | The excess acidity of aqueous HCl and HBr media. An improved method for the calculation of X-functions and H0 scales / R. Cox // Can[END_REF] was applied to determine the protonation constant (КН) in highly acidic media (m*-solvation coefficient):
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where Ai, AHL(εHL), AH2L+(εH2L+), and AL-(εL-) are the optical density and molar extinction coefficients of the process solution, the neutral ligands, and its conjugate acid or base, respectively.

The conditional stability constants were calculated by eqs 4-6 [START_REF] Grebenyuk | Evaluation of the parameters of 1:1 charge transfer complexes from spectrophotometric data by non-linear numerical method[END_REF]:
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where Ai is an absorbance at a given wavelength and CM and CHL were analytical concentrations of metal and ligand, respectively. K′ -conditional stability constant. The εi (i=M, HL, ML) is a value of molar extinction coefficient at single wavelength. The optimal values of K′, Ka, KH, and extinction coefficients were determined by minimization of the sum of residuals [START_REF] Grebenyuk | Evaluation of the parameters of 1:1 charge transfer complexes from spectrophotometric data by non-linear numerical method[END_REF] (Ki= K′, Ka or KH):
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The coefficient of determination (R2) was at least 0.97 for all estimations. The "±" values represent confidence limits (P=0.95) throughout the article. Absorption matrices and the values of absorbance for single wavelength are contained in Supporting Information.

Calculations of all equilibrium constants and molar extinction coefficients were performed using Wolfram Mathematica software package. All raw spectral data are given in Appendix A1.

Quantum-chemical calculations

The quantum-chemical computations were performed using the GAMESS US [START_REF] Schmidt | General atomic and molecular electronic structure system[END_REF] program package on the cluster MVS-1000 M of the Institute of computational modeling SB RAS. All theoretical calculations were performed with a temperature of 298 K. Geometry optimization was performed by density functional theory (DFT) using various functionals (Minnesota [START_REF] Walker | Performance of M06, M06-2X, and M06-HF Density Functionals for Conformationally Flexible Anionic Clusters: M06 Functionals Perform Better than B3LYP for a Model System with Dispersion and Ionic Hydrogen-Bonding Interactions[END_REF] and TPSS [START_REF] Perdew | Semilocal Density Functional for Condensed Matter Physics and Quantum Chemistry[END_REF] family and PBE0 [START_REF] Zhang | Generalized Gradient Approximation Made Simple[END_REF]) under Grimme's empirical correction.

The full-electron cc-pVDZ and Def2-SVP basis set functions were applied for C, O, H, S, and Sc atoms. For Y, La and Lu atoms CRENBL ECP pseudopotential has been used. The free energy Gibbs energy (Scheme 6) of reaction (∆∆G solv. ) have been calculated using gas-phase energy (∆G gas ), solvation free energy (∆G aq. ), and zero-point energy correction (∆E ZPE ) [START_REF] Bryantsev | Calculation of Solvation Free Energies of Charged Solutes Using Mixed Cluster/Continuum Models[END_REF]:

logK calc = -Δ∆G solv. /(2.303RT) (8) 
∆∆G solv. = ∆G gas + ∆G aq. + ∆E zpe + E corr .

E corr. = -RTln([H2O])=-9.964 kJ/mol. [START_REF] Boerjan | [END_REF] Here, E corr. is a term of free energy change associated with moving a solvent from a standard-state solution phase concentration of 1 M to a standard state of the pure liquid, In the 31 P-NMR spectrum presented in Figure 9, one can distinguish several spectral regions corresponding to different hydroxyl groups: aliphatic OH groups manifest themselves in the region from 150 to 145. The nitrogen and ash contents were negligible (≤ 0.01%) and therefore ignored.

Study of the thermochemical properties of abies and aspen lignins

The pyrolytic behavior of abies and aspen ethanol lignins in argon was studied by the nonisothermal thermogravimetry-differential thermogravimetry (TG/DTG) analysis in the temperature range of 30-800°C. Lignin thermally decomposes over a wide temperature range, since the functional groups included in its structure have different thermal stabilities.

According to the TG/DTG data, the weight loss in both samples (the TG curve) in the temperature range of 30-220°C was lower than 3% and caused mainly by the loss of water and adsorbed gases (Figure 9). The temperature of the initial weight loss was 243°C for aspen ethanol lignin and 252°C for abies ethanol lignin. The intense thermal decomposition of the lignin samples started above 240°C and continued up to 450°C at approximately the same rate. The peaks observed in both DTG curves in the region of 250-270°C, which, according to the literature data [START_REF] Liu | Mechanism study of wood lignin pyrolysis by using TG-FTIR analysis[END_REF], precedes the main stage of pyrolysis, may correspond to the initial decomposition of lignins with the release of phenolic fractions (guaiacols, syringols, and/or their derivatives) [START_REF] Liu | Mechanism study of wood lignin pyrolysis by using TG-FTIR analysis[END_REF]. In the DTG curve of aspen ethanol lignin, there is a pronounced shoulder, which is, probably, related to the formation of a great number of phenolic compounds. The more significant differences between the maximum decomposition rates and temperatures are observed at the main (second) stage of the thermal decomposition of ethanol lignins. The highest weight loss rate (3.11% ⋅ min -1 ) for aspen ethanol lignin is observed at temperatures of 357-437 °C. The main stage of the decomposition of abies ethanol lignin occurred in a wider range (337.5-437.5°C) at a weight loss rate of 2.9% min -1 with a maximum at 400°C.

The maximum weight loss rate for aspen ethanol lignin is shifted in temperature by 22.4°C relative to the value for abies ethanol lignin, which is consistent with the higher oxygen content in aspen ethanol lignin.

According to the data given in Table 5, aspen ethanol lignin loses a half of its weight in this temperature interval. In the temperature range of 350-400°C, the main structural moieties of lignins (guaiacyl and syringyl) are destroyed, the products undergo secondary cracking, and phenol-type compounds of different molecular weights are formed, the yields of which increase with temperature. The pyrolysis products represent a mixture of organic compounds containing aromatic rings and hydroxyl and alkyl groups, which has a composition and structure consistent with the initial lignin [START_REF] Shen | The pyrolytic degradation of woodderived lignin from pulping process[END_REF][START_REF] Brebu | Thermal degradation of lignin -a review / M. Brebu[END_REF][START_REF] Poletto | Assessment of the thermal behavior of lignins from softwood and hardwood species / M. Poletto // Maderas[END_REF]. During the thermal degradation of lignin, competing depolymerization reactions occur, which lead to the formation of aromatic products with lower molecular weights, crosslinking of aromatic compounds, and their carbonization [START_REF] Shen | The pyrolytic degradation of woodderived lignin from pulping process[END_REF][START_REF] Asmadi | Тhermal reactions of guaicol and syringol as lignin model aromatic nuclei / M. Asmadi[END_REF]. In the temperature range of 450-600°C (the third decomposition stage), a significant decrease in the weight loss rate is observed. The thermal decomposition with the formation of carbon residues (37.13%

for aspen lignin and 40.93% for abies lignin) is completed by 600°C. Probably, some of the lignin aromatic rings decompose and condense into graphite-like structures [START_REF] Shen | The pyrolytic degradation of woodderived lignin from pulping process[END_REF][START_REF] Nakamura | Condensation reactions of some lignin related compounds at relatively low pyrolysis temperature[END_REF]. The yield of carbon products decreases with an increase in temperature to 700°C and then remains almost invariable. At a temperature of 800°C, additional volatile fractions occur with the formation of carbon with a yield of 33.9% from aspen ethanol lignin and 36.9% from abies lignin. A higher product yield from abies ethanol lignin is related to a stronger tendency of guaiacylpropane units to condensation reactions [START_REF] Poletto | Assessment of the thermal behavior of lignins from softwood and hardwood species / M. Poletto // Maderas[END_REF][START_REF] Faix | Study on low mass thermal degradation products of milledwood lignins by thermogravimetry-mass-spectrometry[END_REF].

To investigate the structural changes occurring in ethanol lignins at the main stages of their thermal decomposition in more detail, we recorded and analyzed the infra-red (IR) spectra (Figure 10). The comparison of the spectra of lignins obtained before and after their heating at 200°C revealed no difference in the composition of functional groups. The comparative analysis of the IR spectra of aspen ethanol lignin before and after the heat treatment at 240°C showed a slight decrease in the intensity of vibrations of the aliphatic C-H groups (2934-2839 cm -1 ). A simultaneous decrease in the absorption intensity of ester bonds at 1116 cm -1 implies that the alkyl ether bridges in the syringyl lignin moieties are the first to undergo the thermal decomposition.

More significant changes were observed in the IR spectrum of aspen lignin pyrolyzed at 380°C (spectrum 2 in Figure 10). In the spectrum of this sample, the intensities of the bands corresponding to -C-O-H-, C-H-, and C-O-groups and C-C-bonds significantly decrease, which is related to a decrease in the content of organic compounds in pyrolyzed lignin. The observed shift of the main absorption bands toward lower wavelengths by about 7-10 cm -1 is explained by the occurrence of aromatic structures included in the conjugation system with unsaturated bonds, such as C=O groups. The general shape of the spectrum confirms that the resulting products retain the aromatic structure characteristic of the S + G-type lignin [START_REF] Pandey | A study of Chemical Structure of Soft and Hardwood and Wood Polymers by FTIR Spectroscopy[END_REF][START_REF] Кузнецов | Оптимизация одностадийных процессов получения микрокристаллической целлюлозы пероксидной делигнификацией древесины в присутствии катализатора TiO2[END_REF]. Possible products of the transformation of syringyl and guaiacyl moieties of lignin are phenolic-type derivatives, which are the most characteristic products of lignin pyrolysis [START_REF] Shen | The pyrolytic degradation of woodderived lignin from pulping process[END_REF]. An increase in temperature to 240°C leads to the changes in the aspen ethanol lignin structure, which is indicated by the emergence of carbon-enriched particles on its surface.

The formation of carbon particles was confirmed by the chemical analysis. The amount of carbon formed increases with the pyrolysis temperature. At temperatures of 350-400 °C, carbon covers the entire sample surface, which becomes black and gloss. In this case, a dense homogeneous material with a nucleation structure consisting of small pores in the carburized matrix is obtained.

The SEM study of the surface morphology of the ethanol lignin samples pyrolyzed at 600°C showed that the resulting carbon residues contain multiple defects (cracks and large pores), which lead to the microseparation of the samples and somewhat increase their surface. We carried out a comparative SEM analysis of the thermochemical properties of aspen wood and its main components: microcrystalline cellulose and ethanol lignin (Figure 11). The chemical composition of aspen wood (wt %) is cellulose (49.9), hemicelluloses [START_REF] Raghuraman | Viral Inhibition Studies on Sulfated Lignin, a Chemically Modified Biopolymer and a Potential Mimic of Heparan Sulfate[END_REF], lignin (19.4), extractive (4.3), and ash (0.37). Microcrystalline cellulose (MCC) obtained by the method described in [START_REF] Кузнецов | Оптимизация одностадийных процессов получения микрокристаллической целлюлозы пероксидной делигнификацией древесины в присутствии катализатора TiO2[END_REF] contained less than 2 wt % of lignin. The weight loss curves built during the thermal decomposition of the investigated aspen wood, ethanol lignin, and MCC samples in the argon atmosphere are shown in Figure 12.

Microcrystalline cellulose decomposes with a weight loss of 67.9% over a narrow temperature range from 262 to 357°C. The maximum weight loss (7.22%/min) is observed at a temperature of 333.7°C. The high symmetry and sharpness of the peak correspond to a high degree of the MCC structure ordering. The pyrolysis of the MCC sample ends at a temperature of 800°C with the formation of 13.7 wt % of a carbon residue. The thermal decomposition of aspen wood starts at a temperature of 236°C; the sample loses about 3% of its weight. In the temperature range of 236-320°C, a pronounced shoulder-shaped peak appears in the DTG curve at 318°C, which is conventionally attributed to the decomposition of hemicelluloses. In this case, the rate of weight loss in the substance is ~2.38%/min and the total weight loss attains 21.51%.

In the temperature range of 320-380°C, cellulose predominantly decomposes. The maximum weight loss rate (7.15%/min) is observed at a temperature of 363.4°C. The weight loss in this temperature range attains 46.96%. The total weight loss upon heating to 380°C can be 71.4%. In this temperature range, a significant part of lignin contained in wood is thermally decomposed. Upon further heating to 600°C, the wood undergoes pyrolysis, which leaves a carbon residue (18.9 wt %). Under these conditions, the weight of the carbon residue from ethanol lignin is ~37.13%. Ethanol lignin thermally decomposes at approximately the same temperatures as aspen wood (Table 6). Since the ranges of the thermal degradation of the wood components partially overlap, they are difficult to estimate [START_REF] Sebio-Punal T ; -Punal | Thermo-gravimetric analysis of wood, holocellulose, and lignin from five wood species / T. Sebio[END_REF][START_REF] Poletto | Assessment of the thermal behavior of lignins from softwood and hardwood species / M. Poletto // Maderas[END_REF]. As the wood pyrolysis temperature increases from 600 to 800°C, the weight decreases by ~1.6%.

The temperatures corresponding to the highest rates of decomposition of aspen wood, cellulose, and lignin were found to be 363.4, 333.7, and 377.6°C, respectively. Since the maximum rate of decomposition for lignin is lower than for the initial wood, the temperature range of decomposition of aspen ethanol lignin shifts toward higher temperatures as compared with the case of MCC (Figure 13).

Thus, lignin, due to its cross-linked aromatic structure, is more resistant to thermal degradation than cellulose and wood and decomposes over a longer temperature range. The data obtained are in good agreement with those given in the literature [START_REF] Poletto | Assessment of the thermal behavior of lignins from softwood and hardwood species / M. Poletto // Maderas[END_REF]. Under the heat treatment of ethanol lignin at temperatures of 30-158°C in argon, water is mainly eliminated. In this case, the weight loss is 1.25-1.36% (Figure 14). The temperatures of the first stage of the thermal decomposition were 242°C for aspen ethanol lignin and 255°C for abies ethanol lignin. Probably, at this decomposition stage, the lignins lost not only adsorbed, but also bound water, as well as partially volatile components, because of the destruction of the alkyl side chains [START_REF] Brebu | Thermal degradation of lignin -a review / M. Brebu[END_REF].

At the second stage of the thermal decomposition (before the burning stage), the main degradation of ethanol lignins occurs, which is accompanied by significant changes in the composition of the conversion products. At the same time, aspen ethanol lignin thermally decomposes a bit earlier than abies one. The DTG curve of aspen ethanol lignin contains two separate peaks between 242 and 417°C. The first small peak is located between 242-327°C

and the maximum weight loss rate corresponds to a temperature of 295°C. The second, more intense peak is shifted toward higher temperatures and the maximum weight loss rate (2.56% ⋅ min -1 ) is observed at 396°C. The total weight loss at the second stage of the thermal decomposition was found to be 34.46%. According to the literature data, it can be related to the primary pyrolysis with the formation of guaiacol-and syringol-type compounds [START_REF] Shen | The pyrolytic degradation of woodderived lignin from pulping process[END_REF][START_REF] Liu | Mechanism study of wood lignin pyrolysis by using TG-FTIR analysis[END_REF],

while the second peak is caused by cracking of the primary decomposition products with the formation of substituted phenols [START_REF] Brebu | Thermal degradation of lignin -a review / M. Brebu[END_REF][START_REF] Шарыпов | Изучение состава и термических превращений этаноллигнина, выделенного из древесины осины / В[END_REF].

Abies ethanol lignin, starting with a temperature of 255°C, shows a smooth, without extrema, decrease in its weight at a rate of ~1% min -1 up to 312°C. Upon further heating, the weight loss rate increases to 2.25% ⋅ min -1 . In the range of 312-444°C, the DTG curve of this sample has a peak at 402°C, which corresponds to the maximum weight loss rate. The total weight loss is 33.16%.

The important characteristics of the thermal decomposition of abies and aspen ethanol lignins in air are given in Table 7. Further heating of ethanol lignins above 410°C (the third stage) leads to the completion of their thermal degradation. The weight loss rate increases due to the burning of the carbon residue. The burning of aspen ethanol lignin starts at the lower temperature than the burning of abies lignin and the combustion occurs more intensively. The highest weight loss rate in air is observed at 555°C for aspen lignin and at 585.2°C for abies one. At the final decomposition stages, the weight loss rates for lignins of both types increase and become almost equal (3.48% ⋅ min -1 for aspen lignin and 3.44% ⋅ min -1 for abies lignin). The thermal degradation of aspen lignin ends earlier than that of abies one (at 605°C and 627°C, respectively). It should be noted that, in all temperature ranges, aspen lignin decomposes with a higher weight loss rate than abies lignin. It was shown [START_REF] Brebu | Thermal degradation of lignin -a review / M. Brebu[END_REF][START_REF] Poletto | Assessment of the thermal behavior of lignins from softwood and hardwood species / M. Poletto // Maderas[END_REF] that ether bonds between syringyl units are weaker than between guaiacyl units.

Therefore, it can be concluded that abies lignin (G-lignin) is more thermally stable than aspen lignin (SG-lignin) owing to the higher thermal stability of guaiacyl units. The combustion heats calculated for the samples under study appeared to be similar: 10799 J/g for aspen ethanol lignin and 11050 J/g for abies ethanol lignin. The results reported above show that the pyrolysis of ethanol lignins occurs in air in a wider temperature range than in an inert atmosphere. The main characteristics of the thermal decomposition of the ethanol lignin samples in these media are given in Table 8. The initial decomposition temperatures, at which the samples lose ~5% of their weight, are the same for ethanol lignins of both types processed in air and argon (~242°C for aspen lignin and about 252-255 °C for abies lignin) and the weight loss rate profiles in the degradation curves are similar at temperatures from room to ~250°C. It can be concluded that, in this temperature range, the thermal decomposition of ethanol lignins in argon and air occurs similarly. 

Synthesis of sulfated abies ethanol lignin

It was proposed to use the low-toxic noncorrosive sulfamic acid-urea mixture for sulfation of abies ethanol lignin. Sulfamic acid sulfates only alcoholic -OH groups, while the conventional sulfating agents, e.g., sulfuric anhydride or its complexes, sulfate also the phenolic hydroxyl groups. The reactivity of sulfamic acid increases in the presence of basic organic catalysts, in particular, pyridine, urea, thiourea, acetamide, and picoline. Urea is known to be the most effective catalyst. An increase in the reactivity of sulfamic acid in the presence of urea is explained by the formation of a sulfating complex (SC) [START_REF] Джильберт | Сульфирование органических соединений[END_REF]:

ROH + HO3SNH2⟶ROSO3NH4.
The sulfation of the lignin structural units with the sulfamic acid-urea mixture in the 1,4dioxane medium is illustrated in Scheme 7.

Scheme 7. Sulfation of a lignin structural unit (phenyl coumaran)

with the sulfamic acid-urea mixture.

Sulfation of lignin was carried out within a temperature of 80-95°C by varying the ratio lignin/sulfation complex (SC, mol) and the reaction time. Sulfated lignin was isolated as an ammonium salt. A feature of sulfamic acid is that it does not react with double bonds and aromatic compounds and only sulfates selectively the alcoholic groups [START_REF] Al-Horani | Chemical sulfation of small molecules -advances and challenges[END_REF]. We studied the effect of the conditions (temperature, time, and ethanol lignin-SC ratio) of sulfation of abies ethanol lignin on the sulfated ethanol lignin yield and sulfur content (see the data in Table 9). It follows from the data obtained that a high degree of sulfation (45.8-47.8%) is observed when ethanol lignin is sulfated for 2.5-3.5 hours and the ratio of lignin-sulfating complex is 1:1.4-1.6. An increase in the amount of the SC to a lignin-SC ratio of 1 : 2 leads to a slight increase in the sulfated ethanol lignin yield, but barely affects the degree of sulfation. This is due to the fact that the sulfation reaction first occurs in a homogeneous medium, since the initial lignin is soluble in 1,4-dioxane, but, as the sulfation progresses, sulfated ethanol lignin insoluble in this medium is formed, which precipitates from the solution in the form of a solid product mixed with the SC. An increase in temperature from 80 to 95°C does not significantly affect the degree of lignin sulfation.

It was established that the degree of sulfation of ethanol lignin with sulfamic acid grows significantly in the presence of urea due to the formation of an active SC.

Under the similar sulfation conditions (at 80°C and a lignin-SC ratio of 1:1.6), the urea catalyst enhances the lignin sulfate yield from 27.8 to 66.4% and the degree of sulfation of ethanol lignin, from 29.6 to 47.8 %. The highest sulfur content (7.9 wt %) was found in the sulfated ethanol lignin samples obtained at sulfation temperatures of 90-100°C, lignin-SC ratios of 1:(2-3), and reaction times of 1.5-3 h (Table 10).

Physicochemical analysis of sulfated abies ethanol lignin

In contrast to the case of the initial ethanol lignin, the IR spectra of the ammonium salts of ethanol lignin sulfates (Figure 14) contain new high-intensity absorption bands in the range of 803-861 cm -1 corresponding to the C-O-S stretching vibrations of the SO3 group and broad absorption bands at 1270-1200 cm -1 corresponding to the asymmetric O=S=O stretching vibrations and skeletal vibrations of guaiacyl rings [START_REF] Roeges | A guide to the complete interpretation of infrared spectra of organic structures // Chichestes[END_REF][START_REF] Schreiber | Infrared Spectra of Sulfones and Related Compounds / K.C. Schreiber[END_REF].

The data of the elemental analysis of ethanol lignin and sulfated ethanol lignin confirmed the introduction of sulfate groups into the ethanol lignin macromolecule (the ethanol lignin composition includes 66.6 wt % of С and 6.6 wt % of Н and the sulfated ethanol lignin sample contains 44.6 wt % of С, 6.3 wt % of Н, and 7.4 wt % of S).

The structure of sulfated abies ethanol lignin was studied in more detail by twodimensional (2D) NMR spectroscopy. This method has been successfully used for analyzing the structure of lignins and other natural complex systems [START_REF] Zeng | Quantifcation of wheat straw lignin structure by comprehensive НМR analysis[END_REF]. The 2D NMR heteronuclear single quantum coherence (HSQC) spectra of the initial and sulfated abies ethanol lignin are

shown in Figure 15. The 1 H- 13 C peaks in the HSQC spectra are assigned to the samples in Table 11 [START_REF] Fulmer | НМR chemical shifts of trace impurities: common laboratory solvents, organics, and gases in deuterated solvents relevant to the organometallic chemist[END_REF]. The most intense signals in the aromatic region of the HSQC spectra (δ 1 Н/δ 13 С is (6.7-6.5)/(111-119) ppm) presented in Figure 16 correspond to the aromatic structural units of the guaiacyl (G) type. The peaks assigned to the CH groups at positions 2, 5, and 6 of the guaiacyl ring in the initial and sulfated ethanol lignins remain almost unchanged, which evidences for the absence of sulfation of phenolic hydroxyls (Figure 15, Table 11). The molecular weight distributions for the original and sulfated abies ethanol lignin samples were studied by GPC (Table 12, Figure 17).

The average molecular weight of sulfated ethanol lignin is significantly larger than that of the initial ethanol lignin due to the introduction of sulfo groups and the degree of polydispersity decreases from 2 to ~1.2. It can be seen in Figure 17 that sample SL-1 with the low sulfur content obtained at 80°C has almost no high molecular weight region (~10 kDa) in its molecular weight distribution curve. This evidences for a low degree of sulfation of the high molecular weight lignin fractions, which have a sulfation temperature of 80°C at the low reactivity. Sample SL-2 with the higher sulfur content obtained at a temperature of 90°C has a different molecular weight distribution profile: the lignin fractions with a molecular weight of ~10 kDa increase and the polydispersity grows to 1.63. This can be explained by an increase in the degree of sulfation of the high molecular weight lignin fractions at 90°C. All the sulfated ethanol lignin samples contain no products with a molecular weight of lower than 1 kDa. Obviously, sulfated lignins with a low molecular weight are removed through pores during the dialysis.

Composition and Properties of Ethanol Lignins Modified by Catalytic

Telomerization with 1,3-Butadiene Since in studying the telomerization of ethanol lignins in a solution one should take into account side reactions occurring in it (e.g., hydrolysis or thermal decomposition of lignins), along with the catalytic process itself, a series of experiments was carried out. For this purpose, the compositions of lignins were investigated before and after their processing under the conditions of the subsequent butadiene telomerization, but without butadiene, and the results obtained were compared. This approach allowed us to estimate the contributions of the parallel processes: destruction, changes in the composition of ethanol lignins and their thermal stability, interaction of lignins with catalysts, etc. An ethanol lignin sample dissolved in 0.12 M of the NaOH solution was placed in a reactor at an inert gas (argon) pressure of 3 atm.

After that, the sample was heated for 2 h at two parallel temperatures (70 and 90°C) and then the product was precipitated with a 10% hydrochloric acid solution, separated by centrifugation, and washed with distilled water. These procedures were repeated with and without a catalyst, which was a complex of palladium (II) with the triphenylphosphine trisulfate sodium salt. The resulting product was dried in vacuum at a temperature of no higher than 40°C for up to 24 h. The distribution of OH groups in the composition of the lignins subjected to the heat treatment is given in Table 13 in comparison with the distribution in the initial ethanol lignins. As can be seen in Table 13, the investigated ethanol lignins undergo insignificant, yet noticeable changes in the OH group distribution upon thermolysis in the aqueous solutions. For lignins of all the types, the phenolic OH group content decreases and this decrease in abies and birch ethanol lignins is distinctively enhanced by a catalyst. On the contrary, concerning the carboxyl OH groups, their content obviously grows and this weakly depends on the presence of a catalyst. As for the aliphatic hydroxyl groups, their concentration in the thermolysis products monotonically decreases and, as in the case of the carboxyl OH groups, this change is independent of the presence of a catalyst. A decrease in the content of these OH groups is observed at all temperatures and, for almost all ethanol lignins, is especially pronounced at a temperature of 90°C. The total amount of OH groups in the products of thermolysis of ethanol lignins changes nonuniformly: the total concentration obviously decreases in aspen, abies, and kraft lignins. On the contrary, in pine and birch ethanol lignins (except for the case of pine lignin at 70°C), the total OH group concentration grows. This is related to the complex processes of decomposition, hydrolysis, and interaction with a catalyst occurring in the investigated ethanol lignins in aqueous solutions.

However, based on the data obtained, we can unambiguously judge about the degree of occurrence of the telomerization reaction catalyzed by 1,3-butadiene. In the investigations of the telomerization processes, approximately the same amount of 1,3-butadiene (2.3-2.5

g) was used. The spread in the weight used was due to the fact that the maximum partial pressure of 1,3-butadiene stored in a gas vessel cannot be higher than 2 atm due to its high fluidity. At such a low reagent pressure in a vessel, the temperature in the system had to be multiply decreased with the subsequent cyclic pumping of hotter butadiene to attain a butadiene pressure of at least 2.5-3 atm in an autoclave. Therefore, it was impossible to ensure exactly the same amount of the reagent in all experiments. The compositions of the telomerization products are given in Tables 14 and15.

It can be easily seen that, in contrast to the case of the blank experiments (Table 13), the results of investigations of the telomerization products show that the evolution of the concentration and distribution of OH groups changes dramatically in the presence of 1,

First of all, it should be noted that, in almost all the lignin types under study, the amount of phenolic OH groups increases at a temperature of 90°C. At 70°C, the situation is completely opposite: the concentration of the phenolic groups decreases stronger than that of the carboxyl and aliphatic ones. Thus, the presented data allow us to conclude that it is the phenolic OH groups that can be involved in the telomerization reactions in lignins. The aliphatic OH groups also undergo significant transformations during the telomerization. They are especially pronounced in aspen and abies ethanol lignins: at 70°C, the concentration of aliphatic hydroxyls in them decreases by a factor of almost 2-1.5.

However, at 90°C, their concentration returns to almost initial one.

The SEM study disclosed noticeable changes in the surface morphology of the lignin samples modified by the telomerization. The amorphous structures of aspen ethanol lignin and kraft lignin change for more ordered and segmented. The abies ethanol lignin structure

becomes granular with open macropores (Figure 17). The carboxyl -OH groups are the most inert in both the thermolysis and telomerization reactions among the hydroxyl groups of all the investigated types. This can be due to the fact that, since the carboxyl OH groups are acidic functional groups, their basicity is insufficient to add a 1,3-butadiene molecule. An increase in the telomerization reaction time to 24 and 48 h brings no notable progress in the modification of the lignins under study (Table 15).

The 1 H-NMR spectra of the lignin telomerization products contain the bands characteristic of aliphatic (8-6 ppm) and phenolic (4-1 ppm) protons. Figure 19 shows the 1H-NMR spectra of the lignins before and after the telomerization. The phenylcoumarane unit (Figure 20) and some its analogs were taken as model compounds. The total Gibbs energy of the reaction was calculated by averaging the values obtained for the three different model compounds. The theoretical estimates are given in Table 16. It can be clearly seen that, in the thermodynamic approach (with disregard of the kinetic factors), the results of the density functional theory (DFT) calculation of the telomerization reaction are in qualitative agreement with the experiment: the most energetically favorable substitution is observed for the phenolic OH groups. The commercial lignins extracted from cooking liquors in the kraft process, which are used in the synthesis of organic gels, have relatively high contents of carbohydrates (0.5-1.5%), sulfur (1-3%), and mineral impurities (up to 1-3%). Kraft lignins, due to the tough conditions for their extraction from different types of wood, are highly nonuniform in composition and have a widely spread molecular weight; e.g., 1100-39000 g/mol for coniferous lignins. The presence of high molecular weight fractions in kraft lignin, which has a heterogeneous chemical composition, reduces its solubility. To enhance the solubility of lignin, the temperature should be increased to 85-90°C and concentrated (up to 20-30%) alkali solutions are needed. However, even such severe conditions do not ensure the complete dissolution of lignin. In this case, lignin precipitates in the form of a powder and is not fully involved in the condensation process, but can be included in the synthesized gel in the form of a filler [START_REF] Poursorkhabi | Extraction of lignin from a coproduct of the cellulosic ethanol industry and its thermal characterization / V[END_REF].

Organosolvent lignins, in particular, lignin isolated using an aqueous solution of ethanol, are free of the above-mentioned drawbacks [START_REF] Cetin | Use of organosolv lignin in phenol-formaldehyde resins for particleboard production I. Organosolv lignin modified resins[END_REF]. Ethanol lignin isolated from abies wood under milder conditions has a uniform structure and composition, contains no sulfur and a minimum amount of associated organic substances, and is characterized by a relatively low molecular weight. Ethanol lignin is soluble in an aqueous solution of ethanol without residue at room temperature. The organic gels were prepared by condensation of tannins and ethanol lignin isolated from abies bark and wood with formaldehyde. The tannin-formaldehyde (TF) gels were synthesized in acidic and alkaline media and the tannin-lignin-formaldehyde (TLF) gels, in acidic media. The TLF gels were synthesized at different weight ratios of tannins and ethanol lignin. The ratio of the total weight of tannins and lignin to the formaldehyde weight was 1.0/1.5 in all the cases.

Table 17 gives the averaged data of the elemental analysis, weight average molecular weights Мw, number average molecular weight Mn, and degree of polydispersity (per absolutely dry substance) of the abies polyphenolic substances (tannins and ethanol lignin) used in the synthesis of the gels.

The TF gels prepared in an acidic medium are fairly solid, dense dark brown products, which retained their block shape during the extraction and gel purification. However, upon final drying in vacuum, they become brittle and disintegrate into smaller fragments.

It is known well that the capillary forces induced in pores during drying lead to the shrinkage and compression of a material [START_REF] Tomani | The lignoboost process / P. Tomani // Cellul[END_REF]. The replacement of the conventional supercritical drying method by a cheaper technique implemented under normal conditions results in the low porosity of the synthesized organic gels [START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF]. Air or vacuum drying of xerogels induces high internal stresses in materials, which lead to their destruction [START_REF] Wu | Low-density organic and carbon aerogels from the sol-gel polymerization of phenol with formaldehyde / D[END_REF][START_REF] Job | Carbon aerogels, cryogels and xerogels: influence of the drying method on the textural properties of porous carbon materials[END_REF].

It was found that, during the synthesis of gels from abies polyphenols, the total porosity and density of the synthesized materials are noticeably affected by the weight ratio of tannins and ethanol lignin in the initial mixture. Table 18 contains the apparent densities of the organic gels obtained at different weight ratios between abies tannins and ethanol lignin. The apparent gel density ρapp (g/cm 3 ) was determined as a ratio between the weight of a finely powdered organic material and the volume occupied by it. The total porosity W (rel. %) of the samples was calculated according to the literature data on an average true According to the data listed in Table 19, the carbon content in the TLF gels increases with the amount of lignin, since the relative carbon content in the ethanol lignin composition (66.3%) is higher than that in tannins (57.7%).

An increase in the pH value of the medium upon adding NaOH to the reaction mixture facilitates the development of the porosity of the resulting TF organic gel. In this case, however, the gel obtained is mechanically unstable and, after drying, turns to a brick-red powder. As the lignin content increases, the volume of mesopores in the TLF gel sample with a ratio of 1:1 grows. The prepared xerogels with a higher tannin content have a larger fraction of pores with a smaller (up to 5 nm) diameter and a lower porosity. Both samples contain meso-and macropores 2-100 nm in size.

The structure of the TF organic gel samples was studied by scanning electron microscopy at the magnifications 10,000× and 45,000×. Figure 21a Thus, the condensation of tannins with formaldehyde based on the formation of bridging bonds ensures the creation of a three-dimensionally cross-linked frame consisting of nodules (micro-or nanoparticles), as in other similar gels [START_REF] Scherdel | Carbon xerogels synthesized via phenol-formaldehyde gels / C. Scherdel, G. Reichenauer // Microporous and Mesoporous Materials[END_REF][START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF].

The morphology of the TLF organic gel samples is different from that of the TF gel samples (Figure 22). Since lignin macromolecules are much larger than tannin molecules, As is known, the occurrence of coarse particles in a gel leads to the drop of the capillary pressure in pores, which increases the skeleton flexibility, elasticity of the gel, and its strain resistance [START_REF] Tomani | The lignoboost process / P. Tomani // Cellul[END_REF]. At a high lignin content in the initial mixture, the gelation process slows down. The above-mentioned growth in the density and a certain decrease in the porosity of the obtained TLF gels with an increase in the lignin content in the initial mixture to 67-80 wt % can be explained by the fact that the phenolic groups of lignin participating in the condensation reactions act as auxiliary cross-linking agents [START_REF] Chen | Preparation and characterization of organic aerogels from a lignin-resorcinolformaldehyde copolymer / F[END_REF].

A specific feature of a TLF gel is that it consists of spherical particles with a nonporous smooth surface (Figure 23). The data on the qualitative composition of functional groups of the TF and TLF organic gels were obtained by IR spectroscopy. The spectra of the abies bark tannin samples and the TF organic gel based on them are presented in Figure 25. The magnification is 8000×

The comparison of the IR spectra of these samples shows that the intensities of the absorption bands (p.p.) at 2929 and 2872 cm -1 , which correspond to the С-Н stretching vibrations in methyl and methylene groups, are higher for the TF gel sample than for the tannin sample. This is apparently due to the formation of intramolecular -СН2-and -СН2-О-СН2-bonds under the interaction of formaldehyde with the phenolic and alcoholic OH groups of tannins, which crosslink aromatic units during polycondensation [START_REF] Szczurek | The use of tannin to prepare carbon gels. Part II. Carbon cryogels[END_REF].

The absence of absorption bands in the TF gel spectrum in the range of 876-780 cm -1 , which are characteristic of the out-of-plane C-H bending vibrations in 1,3-substituted aromatic rings of tannins, may be due to the change in the degree and nature of their substitution as compared with the initial tannins. According to the data reported in [START_REF] Szczurek | The use of tannin to prepare carbon gels. Part II. Carbon cryogels[END_REF],

the absence of absorption bands at 700-900 cm -1 can evidence for an increase in the degree of substitution of aromatic rings due to the cross-linking reactions with formaldehyde. The TF gels based on abies bark polyflavonoids have a structure typical of the organic gels obtained from conventional resorcinol-formaldehyde systems [START_REF] Wu | Low-density organic and carbon aerogels from the sol-gel polymerization of phenol with formaldehyde / D[END_REF] or of the gels synthesized by the partial or complete replacement of resorcinol by phenol [START_REF] Scherdel | Carbon xerogels synthesized via phenol-formaldehyde gels / C. Scherdel, G. Reichenauer // Microporous and Mesoporous Materials[END_REF] or quebracho tannins [START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF][START_REF] Szczurek | The use of tannin to prepare carbon gels. Part II. Carbon cryogels[END_REF]. The SEM study of the morphology of the synthesized xerogels at a large (45000×) magnification confirmed their nodal structure consisting of closely bound micro-and nanoparticles, which was observed for most airgels described in the literature.

The presence of ethanol lignin as a co-reagent allowed us to prepare the TLF xerogels with a low bulk density by changing the tannin-lignin weight ratio. The lowest density (0.11 cm 3 /g) was obtained at their equal contents in the initial mixture. Similar bulk densities are characteristic of the airgels obtained under the supercritical drying of lignin-resorcinolformaldehyde resins (0.24 g/cm 3 ) [START_REF] Tomani | The lignoboost process / P. Tomani // Cellul[END_REF] and the tannin-lignin gels (0.19 g/cm 3 ) [START_REF] Grishechko | Lignin-phenol-formaldehyde aerogels and cryogels / L[END_REF].

However, the densities of the xerogels obtained in this work are significantly lower than the values for the resorcinol-formaldehyde xerogels (a minimum value of 0.42 g/cm 3 ) described in [START_REF] Poursorkhabi | Extraction of lignin from a coproduct of the cellulosic ethanol industry and its thermal characterization / V[END_REF].

As has already been reported in several studies [START_REF] Grishechko | Lignin-phenol-formaldehyde aerogels and cryogels / L[END_REF][START_REF] Poursorkhabi | Extraction of lignin from a coproduct of the cellulosic ethanol industry and its thermal characterization / V[END_REF][START_REF] Tomani | The lignoboost process / P. Tomani // Cellul[END_REF], lignin weakens the drying shrinkage and imparts specific features to the morphology of nodular particles forming the gel structure. They have an almost perfect spherical shape and are smooth and nonporous.

Our finding that lignin reduces the drying shrinkage of gels due to its rigid molecular structure agrees well with the results obtained by the other authors who also observed dense spherical particles in the structure of resorcinol-lignin-formaldehyde and TLF gels [START_REF] Tomani | The lignoboost process / P. Tomani // Cellul[END_REF][START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF].

The organic gels can have different thermal stabilities due to the composition and structure differences [START_REF] Mikova | Polyphenols of wood bark: organic precursors for the production of polymer aerogels[END_REF][START_REF] Stewart | Lignin as a base for materials applications: chemistry, application and economics[END_REF]. The thermal stability of the synthesized TF and TLF organic gels was examined in the argon atmosphere by the TG/DTG method (Figure 25). The DTG curves (curve 2) of the TF and TLF gel samples contain a single broad peak at 393.3-393.8°С. For the TF gel sample (Figure 25a), the temperature maxima in the DTG (393.3°C) and DSC (390.7°C) curves coincide. This may be indicative of the similarity of the processes of thermal decomposition of the gel components [START_REF] Tejado | Physico-chemical characterization of lignins from different sources for use in phenol-formaldehyde resin synthesis[END_REF]. The intense endoeffect, which is reflected in a broad DSC peak at 640°C, probably manifests the formation of a carbonized product with a yield of 45.15% when the temperature rises to 800°C. In the case of the TLF gel sample (Figure 25b), the temperature maxima in the DTG and DSC curves do not coincide (393.8°С and 330.3°С) and several alternating endo-and exoeffects are manifested, which suggests that the gel components (tannins and lignin) decompose in different temperature ranges. The presence of lignin in the composition of the TLF gel extends the range of its thermal transformations in comparison with the TF gel. At the same time, with an increase in the lignin content in the organic gel, the temperature corresponding to the onset of the intense thermal destruction and weight loss decreases in comparison with the TF gel, which has a higher thermal stability.

Table 20 gives the main characteristics of the process of thermal destruction of the TF and TLF gels: conditional temperature ranges (°С), average weight loss rates in these ranges (V, %/min), and weight loss ( m, %). The data obtained show that the xerogel loses its weight in several stages. For all the samples, the initial weight loss stage (~3 rel. %) in the temperature range of up to 125-150°C occurs in the endothermic region at the low rates (0.26-0.32%/min) and is probably caused by the removal of a residual solvent from the porous structure of the gel. The significant weight loss begins for the TF gel at a higher temperature (295°C) than for the mixed TLF gels containing 50 and 67% of lignin (272 and 232°C, respectively). The intense weight loss in the TLF gel samples is mainly completed by 480°C. The TLF sample (1:1) loses the most part of its weight (36% rel.) at temperatures of up to 480°C and forms a carbonized residue with a lower yield (38.2%) at a temperature of 800°C as compared with the TLF gel sample (44.4 %) with the higher lignin content in the initial mixture (1:2).

It was experimentally established that the synthesized TF and TLF organic gels are noncombustible even at high temperatures (600°C). They do not burn in air, but gradually transform into a carbonaceous material. Such thermal properties make these gels promising for use as flame retardants.

Structure and properties of the carbon gels

The carbon gels (CG) were prepared in several stages: synthesis of organic gels, replacement of a solvent in pores, drying, and carbonization of the organic xerogels in an inert atmosphere. Each of these stages affects the final properties of a product. A general scheme of the CG synthesis is presented in Table 21; the conditions and parameters of the main synthesis stages are given in the upper part and the initial components and intermediate and final products, in the lower part of the table.

The yields of the CGs obtained from organic precursors determined as a weight ratio between the carbonized residues and the initial dried organic sample ranged from 41.8 to 47.5%.

Carbonization of the organic xerogels at 800°C for 2 h significantly develops the porosity. The specific surface area of the CGs varies from 290 to 536 m 2 /g, depending on the T/L ratio (Table 21). The specific surface area of their organic precursors is no larger than 1-9 m 2 /g. A porous structure of the CG was studied by the low-temperature nitrogen adsorption-desorption method. The specific surface areas SBET, pore volumes Vpor, bulk densities ρ (g/cm 3 ), and yields (%) of the CGs obtained at different tannin/lignin ratios are given in Table 22. Figure 27 shows the nitrogen adsorption-desorption isotherms recorded at -196°C on the carbon samples prepared by carbonization of the organic xerogels with different lignin contents. An analysis of the isotherms shows the diversity of porous structures of the CGs under study: from wide-pore with a broad PSD and significant mesoporosity (curves 2 and 3) to predominantly microporous (curves 1, 4, and 5). The N2 absorption isotherm for the TF CG sample (curve 1 in Figure 27) has a shape typical of the isotherm of a microporous material with a minor mesopore contribution. The introduction of lignin into the initial gel in T/L ratios of 1:0.2 and 1:0.5 changes the shape of the isotherms of the corresponding CG: they represent the type-I and IV combinations (curves 2 and 3 in Figure 27) characteristic of meso-microporous materials [START_REF] Mikova | Polyphenols of wood bark: organic precursors for the production of polymer aerogels[END_REF].

The mixed nature of pores in these CG samples is manifested by a wide open desorption branch that passes toward the lower P/P0 values. Such a deviation from the conventional isotherm shape may be related to the nonuniform PSD and the energy inhomogeneity of nitrogen adsorption in pores of various shapes [START_REF] Gregg | Adsorption: surface area and porosity[END_REF]. In the case of carbon sorbents with a predominant pore size of 2-3 nm, the multilayer adsorption and capillary condensation can occur at pressure ratios Р/Р0 of about unity. The assumptions following from the identity of the isotherms (curves 2 and 3) are confirmed by the BET data on the porous structure of the CG (Table 23). According to the presented data, the average pore sizes for the CGs with T/L ratios of 1:0.2 and 1:0.5 are 2.15 and 2.07 nm, respectively. In the absence of lignin in the initial gel composition, the average pore size in the TF carbon xerogel is 1.94 nm and the total porous volume contains mainly micropores in a fraction of up to 83%.

The results of investigations of the porous structure of the CG (Table 23) allowed us to establish a certain dependence of the specific surface area and micropore volume and size on the initial weight ratio between tannins and lignin in the organic gels. However, this dependence is nonlinear. The surface area of the TLF CGs prepared at T/L ratios of 1:0.2 and 1:0.5 gradually decreases to 290 m 2 /g (compare with a value of 483 m 2 /g for the TF CG). The relative contribution of the mesopore volume for these lignin-containing samples calculated by the BJH method is higher than for the TF CGs by a factor of 2-3. The average mesopore size is also significantly larger: 15.4 versus 11.4 nm. The isotherms correspond to a mixed type of meso-microporous objects; the micropore fraction in both samples is ~73%.

The difference between the structure of the TF and TLF (T/L = 1:0.5) CG samples was confirmed by the SEM study (Figure 27). Obviously, the introduction of large lignin macromolecules into the initial solution of an organic gel facilitates the formation of coarse globular particles and, consequently, leads to an increase in the size of meso-and macropores [START_REF] Zapata-Benabithe | Activated Carbon Bio-Xerogels as Electrodes for Super Capacitors Applications[END_REF]. The BET data confirm that the pores in the TLF CG are wider (2.07 and 2.15 nm) than those in the TF ones (1.94 nm).

In the SEM image of the TF gel sample, one can see a thin micronodular structure with a pronounced spatial packing of polymer chains. The spatial network is woven from homogeneous globular particles smaller than 10 nm in size. The SEM image of the TLF CG in which the T/L ratio was initially 1:0.5 shows that the sample surface consists of bulk conglomerates of aggregated particles separated by large (50-150 nm) cavities. Individual particles are poorly distinguishable, have an asymmetric shape, and form intergrown druses with a size of up to 100 nm and more. A further increase in the amount of lignin introduced into the initial organic gel at T/L ratios of 1:1 and 1:2 is accompanied by an increase in the specific surface area of the TLF CG to 483 and 536 m 2 /g. The micropore volume also increases; according to the DFT calculation data, the fraction of micropores ≤ 2 nm in size increases to 77 and 81% at T/L = 1:1 and 1:2, respectively.

It should be noted that the results of investigations of the porous structure of the TLF CG with a high lignin content (T/L = 1:1 and 1:2) are not quite consistent with the literature data. In particular, the authors of [START_REF] Amaral-Labat | Rubber-like materials derived from biosoursed phenolic resins / G[END_REF][START_REF] Lee | Preparation of carbon aerogel in ambient conditions for electrical double layer capacitor[END_REF] reported a decrease in the surface area of lignincontaining organic aerogels with increasing amount of lignin introduced in the initial solution.

An increase in the specific surface area and in the microporosity of the TLF CG synthesized by us is caused by the fact that, instead of technical lignins, we used more reactive ethanol lignin isolated from coniferous wood. Abies ethanol lignin differs from the lignins studied by other authors (kraft and soda lignins) by its more uniform composition, lower molecular weight, and the absence of impurities.

Thus, based on the examined physicochemical properties and comparative data on the microstructures of the TF and TLF carbon xerogels, we can draw the following conclusions: the TF carbon gel has a frame consisting of relatively homogeneous particles uniformly distributed in different directions, which are bound more rigidly than in the TLF gels. A compact structure of the TF CG contains a much less empty space inside its structure as compared with the lignin-containing CG (Т/L = 1:0.2 and 1:0.5).

The structure of CG with a high lignin content (T/L = 1:1 and 1:2) is formed by long polymer chains twisted and bent in different directions. The chains form internal cavities with a size of much larger than the globule size. This makes the gels more strain-resistant, although their mechanical strength is lower than that of the TF gels.

Thus, CG with the desired structure, porosity, and density can be obtained by tuning the tannin/lignin ratio in the initial composition of an organic gel at the rest synthesis conditions being invariable.

Interaction of Flavonoids and Rare-Earth Metals in Aqueous Solutions

Chelation of rare-earth metals REMs(III) ions by flavonoids and their derivatives was detected in a solution in the pH range from 2 to 6 [START_REF] Lutoshkin | A spectrophotometric and DFT study of the behavior of 6bromoquercetin in aqueous solution / M[END_REF]. It is convenient to study such reactions by changes in their optical spectra in the range of 220-450 nm, since chelation causes the non-additive optical density of initial components of the mixture, among which only the initial flavonoids exhibit the absorption in this range. To study the above-mentioned reactions for the water-soluble sulfo-and halogen derivatives of flavonoids, one need to know the acid-base characteristics of the initial ligands. This is necessary to obtain the true equilibrium parameters of such systems, since, almost in each system, various side reactions are observed. There is a lack of published data on the acidbase equilibrium parameters only for one of the ligands investigated here (6bromoquercetin). We determined the first dissociation constant of 6-bromoquercetin in a phosphate-citrate buffer (pH 3.0-8.0) for different ionic strengths (a supporting electrolyte is NaClO4). The protonation constant for this ligand was determined in concentrated hydrochloric acid using the nonlinear Cox-Yeats method for strong acids (see Section 2.7).

The spectral changes for 6-brovoquercetin with different acidities are presented in Figure 28 [103] and the determined acid-base parameters are given in Table 24. Knowing the main acid-base parameters of the investigated flavonoids and their derivatives, we can find the pH range in which the complexing processes with rare-earth metals can be studied. The acid-base characteristics of the flavonoids under study are given in Table 25. To explore the interaction of flavonoids with metal ions, certain conditions should be met; specifically, during the interaction, a flavonoid must be in a neutral form and a great excess of the metal concentration and the thermodynamic advantage of the chelation reaction over possible side reactions (hydrolysis and interaction of the metal with buffer components) are required.

To satisfy the first condition, the pH value of the solution should be lower than the dissociation constant of a flavonoid by ~1 logarithmic unit. Then, the side reaction of the interaction of a metal with a ligand anion will be excluded. An excess of a metal can be easily provided, since the flavonoids are poorly soluble in water. In this study, the maximum ligand concentration is no higher than 10 -4 mol/L. The metal concentration exceeds the ligand concentration by a factor of at least 3.

Thus, the complexing of the flavonoids and their derivatives was investigated at the great excess of metals (CM >> CL), a constant ligand concentration, and different metal concentrations. The formation of new complexes was detected by the appearance of a new absorption peak, which lies between 420-440 nm for all the studied ligands.

Figure 29 shows the spectral changes for the flavonoid-M(III) systems by the example of morin and gadolinium(III) [START_REF] Lutoshkin | Aqueous Complexation of Морин and Its Sulfonate Derivative with Lanthanum(III) and Trivalent Lanthanides / M.A[END_REF]. For all the systems under study, isosbestic points were observed, which are indicative of the existence of only two absorbing forms involved in the complexing reactions. give the obtained conditional and true stability constants for the lanthanide-quercetin and morin systems [START_REF] Lutoshkin | A spectrophotometric and DFT study of the behavior of 6bromoquercetin in aqueous solution / M[END_REF][START_REF] Lutoshkin | Aqueous Complexation of Морин and Its Sulfonate Derivative with Lanthanum(III) and Trivalent Lanthanides / M.A[END_REF][START_REF] Lutoshkin | Complexation of rare earth metals by quercetin and quercetin-5'sulfonic acid in acidic aqueous solution / M.A. Lutoshkin[END_REF]. To confirm the proposed stoichiometry of the complexing reaction in the systems under study that ensures the formation of a monocomplex in the reaction:

[Ln(H2O)8] 3+ + HmL → [Ln(H2O) 8-k H m-n L] 3-n + kH2O + nH, some conditional stability constants were reproduced at several рН values.

At the formation of monocomplexes, the pH dependence of the conditional stability constants should be linear, which evidences for the migration of one proton during complexing at a metal-ligand ratio of 1:1. The analysis of the logK' data given in the above tables shows that all of them depend linearly on pH and have a linear correlation coefficient of 1, which confirms the correctness of the chosen complexing model.

Since the equilibria were studied using the buffers the components of which could interact with rare-earth metal ions, the competing reactions of REEs with acetate ions and glycine were taken into account in the equations

= 1 + ∑ [ ] , = 1 + ∑ [ ].
Here, KH is the reciprocal dissociation constant and βn are the conditional constants of side reactions, including the formation of REE hydroxo complexes. Using the above equations, the true stability constants of the complexes of flavonoids with REE(III) were obtained as thermodynamic invariants independent of the solution pH and side reactions, but only temperature-dependent.

Figure 30 shows the plots of the stability constants versus atomic numbers of metals and ionic potentials (z/r). Based on these plots, we can make some important remarks concerning the nature of the metal-flavonoid interaction. First, for all the investigated ligands, the obtained stability constants range from 4 to 9 logarithmic units. Second, it can be easily seen that, for each of the five ligands, the stability constants increase nonmonotonically from lanthanum to ytterbium. This is typical of many bidentate ligands.

For quercetin and its derivatives, the stability of the complexes noticeably changes: the logK difference between the cerium and ytterbium values is more than 2 logarithmic units. This is especially pronounced for quercetin. For morine and its sulfo derivative, on the contrary, the differences between the stability constants are a bit more than 1 and 0.8 logarithmic units, respectively. The dependence of the stability constants on the ionic potential, which is linear in the first approximation for all the ligands, suggests the electrostatic nature of the interaction between flavonoids and lanthanides. This indicates that, with a decrease in the ionic radius from cerium to lutetium, the ionic potential grows. Simultaneously, the stability increases, i.e., the Coulomb interaction prevails. However, the degrees of linearity of the dependence of logK on z/r are different for different ligands. The linear dependence is pronounced to the greatest extent for morin and its derivative and, to the least extent, for 6-bromoquercetin. At the same time, we can see that the strongest and weakest complexes with lanthanides are observed for morin and 6-bromoquercetin, respectively. This indicates not only the dominance of the Coulomb interaction here, but also a secondary role of other effects contributing to the metal-flavonoid bond as compared with electrostatics. To verify the results obtained, we performed the DFT calculation of the complexing reactions for some metals using the thermodynamic cycle method (see Scheme 6). The theoretical Gibbs energies and calculated stability constants are given in Table 31. The calculation was made with the most thermodynamically favorable tautomers of the complexes, the energies of which were estimated separately by the cc-pVDZ/PBE0/SMD method (the structures for quercetin are shown in Figure 31). It can be easily seen that the calculated stability constants differ from the experimental values by several logarithmic units. However, the overall ligand stability series can be reproduced, although it does not coincide in absolute values. For the first time, the content and distribution of various hydroxyl groups (phenolic, carboxyl, and aliphatic) in ethanol lignins of pine, fir, birch, aspen wood, and kraft-lignin was estimated by 31P-NMR. It is shown that the total concentration of OH--groups in the studied lignins are varied from 5.46 to 6.10 mmol/g. By using the TD/DTG method it was found that the maximum mass speed decrease of abies ethanol lignin is shifted to the low-temperature region compared to fir ethanol lignin -on 22.4 °C in an argon atmosphere and on 13 °C in oxidizing (air) atmosphere. This demonstrates the lower thermal stability of the syringyl fragments of the decidous lignin compared to guaiacyl fragments of the lignin.

2.

The new method of sulfation of ethanol lignins by non-toxic sulfamic acid as a sulfation agent has been developed. For the first time, the optimal parameters for the sulfation of abies ethanol lignin by a mixture of sulfamic acid/urea in dioxane medium have been determined: temperature 90-100 °C, the molar ratio of lignin:sulfation complex 1:2-1:3, duration 1.5-3 h. Under these conditions, the sulfated ethanol lignin with a high yield and sulfur content is formed. The 2D NMR method ( 1 H и 13 C) established that alcohol groups of ethanol lignin mainly react with sulfamic acid. GPC method has shown that sulfated ethanol lignin has a higher molecular weight and lower degree of polydispersity compared to initial lignin.

3.

Firstly the opportunity of modification of ethanol lignins by telomerization with 1,3butadiene in the presence of Pd(II)-TPPTS complex as a catalyst has been demonstrated. The 31Р-NMR analysis has shown that aliphatic and phenolic hydroxyl groups of lignin are involved in the telomerization reactions but the carboxylic groups are not reactive.

4.

The new method of organic xerogels synthesis based on the use of condensation of fir tannins and ethanol lignin with formaldehyde has been developed. The opportunity to control the porosity and density of formed xerogels by variation of tannin/ethanol lignin ratio was demonstrated. The resulting organic xerogels are non-flammable and can be used as heat-resistant and flame-retardant materials.

By carbonization of organic xerogels at a temperature of 900 °C carbon gels were obtained and their characteristics (density, specific surface area, pore size, and pore A13. Spectral data for Dy(III)-Quercetin system, λ = 412 nm; 298 K, I=1(NaClO4) pH 5,2; C(quer)=5,29 L'analyse de lignines extaites à l'éthanol de différents bois a été réalisée par RMN 1 H, 13 C et 31 P, analyse thermogravimétrique, mircoscopie életronique, et analyses élémentaires.

La nouvelle méthode de synthèse de lignine sulfonée a été réalisée à partir d'acide sulfamique HSO3NH2 avec produits caractérisés par InfraRouge, RMN, GPC, et analyse élémentaire.

La modification par télomérisation a été réalisée avec le 1,3-butadiene en présence de catalyseurs au Pd, avec des caractérisation des produits par RMN 13 P et microscopie électronique à balayage.

La nouvelles méthode de production de lignines et tannins poreux a été réalisée par formation de xérogels de carbone, avec des caractérisation des produits par InfraRouge, microscopie électronique à balayage, et analyse texturale.

La complexation des flavonoïdes (morine, quercetine) avec les métaux terres rares a été réalisée par détermination des équilibres thermodynamiques et charactéristiques spectrales.

Partie expérimentale

Les lignines ont été obtenues à partir de conifères (sapin, pin Les images de microscopie montrent la fusion des lignines à une température supérieure à 200 °C, tout en formant des particules plastiques avec des cavités micrométriques. e initiale (ppm) La chromatographie par pérmeation de gel démontre l'absence de composés à poids moléculaires inférieurs à 1 kDa (Figure 4). La lignine sulfonée présente même un plus haut poids moléculaire et une moindre polydispersité par rapport à la lignine initiale. 

Composition et propriétés des modifiées par télomérisation avec le 1,3-butadiène.

La télomérisation de lignines par le 1,3-butadiène a été réalisée en solutions aqueuses basiques à 70-90 °C sur des lignines issues de sapin, de tremble, de bouleau et de pin, en présence de Pd(OAc)2 et de ligand TPPTS comme système catalytique. La susbstitution des protons hydroxyles par la chaine carbonée issue du butadiène a été évaluée par quantification après phosphorylation des groupes -OH, comme présenté plus haut. Il n'a pas été noté de variation notable de ces quantités. Il est possible que la présence de base nécessaire à la solubilité de la lignine induise des réaction de (re)formation de groupes -OH, rendant difficile la quantifiaction de groupes -OH ayant potentiellement réagi lors de la télomérisation. 

3.4

Conclusions

Ce travail a porté autour d'une étude fondamentale sur l'obtention et l'utilisation de lignines de bois pour diverses applications.

Premièrement, la quantité et la distribution de groupes hydroxyle (phénolique, carboxylique, aliphatique) de lignines extraites à l'éthanol de bois de pin, sapin, tremble et bouleau ont été estimées par RMN 13 P après phosphorylation. Ces groupes sont ceux susceptibles de réagir lors de réactions de valorisation. L'ordre de grandeur de la concentration totale est de 5 à 6 mmol.g - Установлено, что с ростом отношения Т/Л в исходном органическом геле плотность ТЛФ углеродных гелей сначала возрастает до 0,60 г/см 3 а затем снижается до 0,20 и 0,13 г/см 5. Определены константы устойчивости комплексов различных флавоноидов с ионами редкоземельных металлов (La 3+ , Ce 3+ , Pr 3+ , Nd 3+ , Sm 3+ , Eu 3+ , Gd 3+ , Tb 3+ , Dy 3+ , Er 3+ , Tm 3+ , Yb 3+ , Lu 3+ ) в водной среде, при различных ионной силе и рН. Показано доминирование электростатического взаимодействия в связи металл-флавоноид. На основе расчетов методом DFT были предложены наиболее вероятные структуры образующихся комплексов.
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  UV-vis spcroscopy -Ultraviolet-visible spectroscopy • NMR -Nuclear Magnetic Resonance Spectroscopy • REMs -Rare Earth Metals • BET method -Brunauer-Emmett-Teller Method • OG -Organic Gels • CG -Carbon Gels • AL -Alkali Lignin • BJL -Björkman lignin • GPC -Gel Permeation Chromatography • DL -treatment of diluted acid • EOL -ethanol organosolv lignin • OL-SW -organosolv lignin obtained from shredded wood • TPPTS -3,3′,3′′-phosphanetriyltris(benzenesulfonic acid) trisodium salt • QSA -quercetin-5'-sulfonic acid • MSA -morin-5'-sulfonic acid • QBR -6-bromoquercetin • DFT -Density Functional Theory • AEL -Abies ethanol lignin • CEL -Coniferous ethanol lignin • TG/DTG thermogravimetric and differential thermal analysis

Figure 2 .

 2 Figure 2. Structure of lignins[START_REF] Boerjan | [END_REF] 

Figure 4 .

 4 Figure 4. Strcture of the sulfated lignin

Figure 4 .

 4 Figure 4. Theoretical strctures of conformers of sulfated lignin[START_REF] Raghuraman | Viral Inhibition Studies on Sulfated Lignin, a Chemically Modified Biopolymer and a Potential Mimic of Heparan Sulfate[END_REF] 

  Organosolvent lignins are the lignins obtained by the solvent extraction (organosolv pulping) from different woods. Organosolvent lignins, being chemically and structurally more homogeneous than technical lignins (for example, Kraft lignin), are also attractive polyphenolic type raw materials for the preparation of polymer gels. The biomass of coniferous trees has prospects for its use as a cheap and renewable raw material for the production of polyphenolic substances, represented by condensed tannins and lignin. The fir (Abies sibirica L.) is one of the main forest tree species in Russia. The bark of fir contains up to 9-13% by weight of tannins of catechin or flavan-3,4-diol nature monomer units which are mainly represented by proanthocyanidins and prodelphinidines.

Figure 5 .

 5 Figure 5. Organic gel (a), their porous structure (b) and high thermal insulation (c)[START_REF] Shimizu | Silicone-Based Organic-Inorganic Hybrid Aerogels and Xerogels[END_REF] 

Figure 6 .

 6 Figure 6. Ligands for prepearing of catalysts[START_REF] Aswin | Triphenylphosphine: An efficient catalyst for the synthesis of 4,6-diphenyl-3,4-dihydropyrimidine-2(1H)-thione under thermal conditions[END_REF] 

Scheme 2 .Figure 7 .

 27 Scheme 2. Structure of Morin and Quercetin

Scheme 5 .

 5 Scheme 5. Phosphorylation of lignins
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 3461 Scheme 6. Therodinamic cycle for theoretical calculations

Figure 8 .

 8 Figure 8. Typical 31 P-NMR spectra of softwood ethanol lignin.

Figure 9 .

 9 Figure 9. TG/DTG derivatograms of aspen (1, 3) and abies (2, 4) ethanol lignins obtained upon heating the samples in the argon atmosphere.

Figure 10 .

 10 Figure 10. IR spectra of initial aspen ethanol lignin (curve 1); abies ethanol lignin, 240°C (curve 2); abies ethanol lignin, 380°C (curve 3); and abies ethanol lignin, 480°C (curve 4).

Figure 11 .

 11 Figure 11. SEM images the aspen ethanol lignin sample after the heat treatment at 240°С and (a) the abies ethanol lignin sample after the heat treatment at 400°С (b). The magnification is 250 times.

Figure 12 .

 12 Figure 12. TG/DTG derivatograms of aspen wood, МСС from aspen wood, and ethanol lignin from aspen wood obtained upon heating the samples in the argon atmosphere.

Figure 13 .

 13 Figure 13. TG/DTG derivatograms of ethanol lignins isolated from (1) abies and (2) aspen wood obtained upon heating in air.

Figure 14 .

 14 Figure 14. IR spectra of (1) ethanol lignin isolated from abies wood and (2) the ammonium salt of sulfated ethanol lignin.

Figure 15 .

 15 Figure 15. Areas of signals from the aromatic and aliphatic atoms in the HSQC spectra for (a) abies ethanol lignin and (b) sulfated abies ethanol lignin.

Figure 16

 16 Figure 16 illustrates the effect of the sulfation time on the molecular weight distributions of the sulfated ethanol lignin samples.

Figure 16 .

 16 Figure 16. Molecular weight distribution curves for the initial and sulfated abies ethanol lignins. (a) Initial ethanol lignin 1a and sulfated ethanol lignin 2 (80°C, 180 min, 5.5 wt % of S). (b) Initial ethanol lignin 1b and sulfated ethanol lignin 3 (90°C, 240 min, 7.1 wt % of S).

Figure 17 .

 17 Figure 17. SEM images of aspen lignin (A) before and (B) after the telomerization, abies lignin before (C) and (D) after the telomerization, and kraft lignin (E) before and (F) after the telomerization.

Figure 18 .

 18 Figure 18. 1 H-NMR spectra (the CDCl3 solvent) of (A) aspen, (B) kraft, (C) abies, and (D) pine lignins before and after the telomerization.

Figure 19 .

 19 Figure 19. Structures of the compounds optimized for calculating the model reactions of telomerization of lignin with 1,3-butadiene.
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 4341 Composition and Structure of the Gels Obtained using Tannins and Abies Ethanol Lignin Structure and properties of organic gelsFor the first time, it was proposed to use abies bark tannins, a new source of the pyrocatechol polyphenolic compounds, as an alternative to quebracho tannins in the production of polymer gels. It is known well that quebracho tannins widely used in the synthesis of organic airgels contain 80-82% of phenolic flavanoids[START_REF] Amaral-Labat | Rubber-like materials derived from biosoursed phenolic resins / G[END_REF][START_REF] Szczurek | New families of carbon gels based on natural resources / A[END_REF][START_REF] Grishechko | New tannin-lignin aerogels[END_REF]. It was established that the concentration of phenolic flavanoids in the abies tanning extracts attains 92-95% and the content of accompanying ethanol-soluble organic and mineral impurities is minimum. The high content of polyflavanoids is confirmed by their almost complete conversion into anthocyanidins in the course of a well-known reaction upon heating their alcoholic solutions in an acidic medium[START_REF] Diouf | Structural elucidation of condenced tannin from Piceamariana bark[END_REF].

Figure 20 (

 20 Figure20(A) shows nitrogen adsorption-desorption isotherms by the example of sample 1 with T/L = 1:1 and sample 2 with T/L = 1:0.25. For both samples, we observe the type-IV isotherms indicative of a mesoporous structure of the materials. The isotherms have hysteresis loops, which imply the capillary condensation in mesopores[START_REF] Gregg | Adsorption: surface area and porosity[END_REF]. It can be seen from these isotherms that the mesopore volume increases with the lignin content in the gel and sample 1 (1:1) has a more developed porous structure than sample 2 (1:0.25). The curves showing the pore size distribution (PSD) calculated for these objects using the Barrett-Joyner-Halenda (BJH) method are presented in Figure20(B). The PSD types confirm the mixed mesoporous textures of the investigated gels. Moreover, most of the pores in the PSD curves are shifted toward lower average pore diameters in the close range from 2 to 10 nm. The PSD of gel sample 1 (1:1) is broader than that of gel sample 2 (1:0.25).

Figure 20 .

 20 Figure 20. Nitrogen adsorption-desorption isotherms (A) and pore volume as a function of pore diameter (B). Curve 1 corresponds to xerogel sample 1 (T/L = 1:1) and curve 2, to xerogel sample 2 (T/L = 1:0.25).

  shows a typical dendritic structure of the TF xerogel sample with T/F = 1.0:1.5(HCl). One can see an open extended cellular structure of homogeneous particles. Twisted chains of tightly interconnected particle nodules less than 0.5 μm in size form cavities 0.2-0.5 μm in size. The enlarged image (Figure 21b) shows that the nodules are ensembles of smaller particles twisted into balls.

Figure 21 .

 21 Figure 21. SEM images of the tannin-formaldehyde organic xerogel sample with T/F = 1.0:1.5. (Magnification 10000× (а) and 45000× (b))

cavities 5 -

 5 10 μm in size are formed between chains of spherical particles of different sizes connected in a necklace. Lignin macromolecules dispersed in the gel matrix are involved in the formation of a cross-linked structure and impart the bulk properties and flexibility to the synthesized gel.

Figure 22 .

 22 Figure 22. SEM images of the tannin-lignin-formaldehyde organic xerogel samples: T/L = 1.0:0.5 (a), magnification 1000× and T/L = 1:1 (b, magnification 3500×)

Figure 23 .

 23 Figure 23. SEM image of a globular particle of the TLF xerogel sample (1:1).

Figure 24 .

 24 Figure 24. IR spectra of the abies bark tannin samples (1) and the TF (2) and TLF (3) organic xerogels synthesized from them.

Figure 25 .

 25 Figure 25. Thermograms of (a) the TF and (b) TLF (1:2) xerogel samples obtained from abies polyphenols.

Figure 26 .

 26 Figure 26. N2 adsorption-desorption isotherms for the carbon xerogel samples obtained at T/L ratios of (1) 1:0; (2) 1:0.2, (3) 1:0.5; (4) 1:1, and (5) 1:2.

Figure 27 .

 27 Figure 27. SEM images of (a) the tannin-formaldehyde and (b) tannin-ligninformaldehyde (T/L = 1:0.5) carbon gel samples. The magnification is 10 5 .

Figure 28 .

 28 Figure 28. Electron absorption spectra for 6-bromoquercetin at different pH values (on the top) and different hydrochloric acid concentrations (in the bottom)

Figure 29 .

 29 Figure 29. Electron absorption spectra for the Morin-Gadolinium(III) system. General view (A), ∆A-λ curves (B), and optical density versus Gd(III) concentration (C). C(morin)= 5.85×10 -5 M, pH = 2.6, and I = 1 M (NaCl)

Figure 30 .

 30 Figure 30. Logarithm of the stability constants versus atomic number (on the top) and ionic potential (z/r). quercetin (1), quercetin-5'-sulfonic acid (2), morin (3), morin-5'sulfonic acid (4), and 6-bromocquercetin (5).

Figure 31 .

 31 Figure 31. Optimization structures for La(III)-Morin (A) and La(III)-Quercetin (B) complexes

  ) et de feuillus (tremble, bouleau) par traitement du bois dans une solution aqueuse d'éthanol (60%) à 170-190 °C, 2-3 bar, 2 heures. Le rendement en lignine est de 30-32 wt% par rapport au bois. La sulfonation des ligninces a été réalisée dans un mélange acide sulfamique/urée dans le 1,4dioxane sous différents rapports. La télomérisation des lignines a été réalisée par le 1,3-butadiène en solution aqueuse de NaOH (12 mol.L -1 ) à 70-90 °C, 6 heures en présence de 4 équivalents de butadiène et d'un système catalytique formé d'un précurseur de palladium Pd(OAC)2 et d'un ligand triphénylphosphine thiosulfate TPPTS. Pour la formation des gels, les tannins ont été extraits d'écorce de sapin par l'éthanol. Les tannins, la lignines et le formaldéhyde (37% dans l'eau) ont été mélangés dans de l'éthanol, avec des rapports massiques de 1.0:1.5. Le rapport tannin/lignine a été varié de 0.25-1.0:1.0-0.25. Le pH a été tamponé par ajout de NaOH, HCl, ou HCO2H. Les constantes d'équilibre des réactions de complexation des flavénoïdes avec les métaux terres rares on été étabiles par spectrophotométrie. Elles ont été calculée selon une analyse de régression non-linéaire : avec K' constante conditionelle et i le coefficient d'extinction molaire du complexe. L'algorithme de Newton-Raphson dans le logiciel Wolfram Mathematica a été utilisé.

1

 1 Composition, structure et propriétés thermochimiques de lignines de conifères. L'analyse des différentes lignines par RMN 31 P a permis de déterminer la concentration des différents groupes -OH par réaction avec un composé phosphoré. Un exemple de spectre RMN obtenu est présenté en Figure 1.

Figure 1 .Tableau 1 .

 11 Figure 1. Spectre RMN 31 P de ligine issue de bois de tremble après phosphorylation.

3. 2

 2 Composition et structure des lignines de sapin sulfonées. Une nouvelle méthode non-toxique de sulfonation a été développée, basée sur l'utilisation d'acide sulfamique. Il a été montré que le degré de sulfonation dans le dioxane est accru significativement si la réaction est réalisée en présence d'urée, en raison de la formation d'un complexe actif. Les lignines sont obtenues sous forme de sel d'ammonium (Figure 2).

Figure 2 .

 2 Figure 2. Structure proposée de lignine sulfonée.

Figure 3 .Tableau 1 .

 31 Figure 3. Spectre RMN HSQC de ligine issue de bois de sapin (a) initiale, (b) après sulfonation. Tableau 1. Attribution des signaux RMN HSQC.Attribution

Figure 3 .

 3 Figure 3. Distribution des poids moléculaires de lignine issue de bois de sapin : (1a et 1b) initiale; (2) après sulfonation à 80 °C, 180 min (5.5 wt% de S); (3) après sulfonation à 90 °C, 240 min (7.1 wt% de S).

3. 5

 5 Interaction entre les flavonoides et des métaux de terres rares. Les paramètres thermodynamiques de complexation d'ions de métaux de terres rares avec des dérivés de flavonoïdes ont été étudiés par spectrophotométrie en solutions aqueuses. Morine, quercetine, acides morine-5'-sulfinique et quercetine-5'-sulfonique, et 6-bromoquercetine ont été testés comme ligands chelatants envers Sc(III), Y(III), La(III) et autres lanthanides trivalents. La Figure 4 montre la constante de stabilité des complexes et leur relation avec le potentiel ionique (z/r, z charge de l'ion, r rayon de l'ion dans l'eau).

Figure 4 .

 4 Figure 4. Profils de logK-M (gauche) et logK-z/r (droite) des systèmes (1) quercetine; (2) acide quercetine-5'-sulfonique; (3) morine; (4) acide morine-5'-sulfinique; (5) 6-bromo quercetine.

1 .Рисунок 1 -

 11 K и ɛ i это равновесная константа устойчивости исследуемой реакции и молярный коэффициент экстинкции, соответственно. Для поиска глобального минимума получаемых функций использовали алгоритм Ньютона-Рафсона реализованный в программном пакете Wolfram Mathematica. В третьей главе описываются полученные результаты и проводится их обсуждение. Состав, строение и термохимические свойства этаноллигнинов хвойной и лиственной древесины Методом 31 P-ЯМР установлено содержание и характер распределения различных по природе гидроксильных групп в этаноллигнинах пихты, сосны, осины, березы и крафт-лигнине. Алифатические, фенольные и карбоксильные ОН-группы лигнинов находятся в различных областях 31 P-ЯМР спектров (Рисунок 1). Типичный 31 P-ЯМР спектр пихтового этаноллигнина Полученные данные о характере распределения различных ОН-групп в лигнинах приведены в таблице 1. Установлено, что этаноллигнины содержат от 6,1 до 5,5 ммоль ОН-групп на 1 грамм полимера. Количество ОН-групп увеличивается в ряду этаноллигнинов: березовый<осиновый<сосновый <пихтовый.

2 .Схема 1 -Рисунок 2 -

 212 Состав и строение сульфатированного этаноллигнина пихты, полученного с использованием сульфаминовой кислоты Предложен новый метод сульфатирования этаноллигнина пихты, основанный на использовании нетоксичной сульфаминовой кислоты в качестве сульфатирующего агента. Установлено, что степень сульфатирования этаноллигнина сульфаминовой кислотой в среде 1,4-диоксана существенно возрастает в присутствии мочевины вследствие образования активного сульфатирующего комплекса. Сульфатированный этаноллигнин выделяли в виде аммонийной соли (Схема 1). Сульфатирование этаноллигнинов в диоксане С целью оптимизации процесса сульфатирования этаноллигнина изучено влияние температуры, соотношение лигнин: сульфатирующий комплекс и продолжительности на содержание серы в сульфатированном этаноллигнине. При оптимальных условиях процесса сульфатирования (температура 90-100 °C, соотношение лигнин / сульфатирующий комплекс 1:2 -1:3, продолжительность 1,5 -3 ч.) содержание серы в сульфатированном этаноллигнине достигает 7,9 мас.%. Строение сульфатированного этаноллигнина пихты было установлено с использованием методов ИКС, ЯМР, ГПХ и элементного анализа. В отличие от исходного этаноллигнина, в ИК-спектрах аммонийных солей сульфатированного этаноллигнина появляются новые интенсивные полосы поглощения в области 803-861 см -1 , соответствующие C-O-S-валентным колебаниям SO 3 -группы и широкие полосы поглощения в области 1270-1200 см -1 , соответствующие асимметричным валентным колебаниям группы O=S=O и скелетным колебаниям гваяцильного кольца. Более подробная информация о структуре сульфатированного этаноллигнина была получена с помощью двумерной ЯМР-спектроскопии (рисунок 2, таблица 2) Области сигналов ароматических и алифатических атомов в спектрах HSQC: А -этаноллигнин пихты; B -сульфатированный этаноллигнин пихты Установлено, что при сульфатировании этаноллигнина пихты сульфаминовой кислотой реагируют только спиртовые ОН-группы, а именно группы ОН при CH α и CH 2γ во фрагментах β-арилового эфира (β-O-4), ОНгруппы при CH γ во фрагментах фенилкумарана и ОН-группы при CH 2γ в концевых фрагментах кониферилового спирта. Методом ГПХ установлено, что образцы сульфатированного этаноллигнина пихты не содержат продуктов с молекулярной массой менее 1 кДа (Рисунок 3).

Рисунок 3 - 3 . 4 . 4 . 3 -Рисунок 4 -Рисунок 5 -

 3344345 Кривые молекулярно-массового распределения исходного и сульфатированного этаноллигнина пихты; a: 1a-исходный этаноллигнин; 2сульфатированный этаноллигнин (80°C, 180 мин.; 5.5 % мас. S); b: 1bисходный этаноллигнин, 3 -сульфатированный этаноллигнин (90°C, 240 мин; 7.1 % мас. S) Состав и свойства этаноллигнинов, модифицированных каталитической теломеризацией с 1,3-бутадиеном Для модификации этаноллигнинов пихты, сосны, осины, березы и технического крафт-лигнина впервые использована реакция каталитической теломеризации лигнинов 1,3-бутадиеном в присутствии катализаторакомплекса диацетата палладия (II) с натриевой солью трисульфататрифенилфосфина, осуществляемая в интервале температур 70-90 ˚С. С использованием методов 31 P-ЯМР и сканирующей электронной микроскопии установлены состав и содержание ОН-групп, термическая устойчивость и морфология этаноллигнинов, модифицированных путем теломеризации с 1,3-бутадиеном. Наиболее реакционноспособными в реакциях теломеризации с 1,3бутадиеном являются фенольные и спиртовые ОН-группы этаноллигнинов. В теломеризованных этаноллигнинах содержание фенольных и алифатических ОН-групп уменьшается, а карбоксильных групп остается таким же, как и в исходных этаноллигнинах. Наблюдаются заметные изменения в морфологии поверхности образцов лигнинов модифицированных теломеризацией. Для этаноллигнина осины и крафт-лигнина в результате теломеризации наблюдается переход от аморфной к более упорядоченной и сегментированной структуре. Для этаноллигнина пихты наблюдается переход к зернистой структуре с наличием открытых макропор. Строение и свойства пористых органических и углеродных ксерогелей полученных с использованием таннинов и этаноллигнина пихты Предложено использовать в качестве альтернативы таннинам квербахо, применяемым для получения полимерных гелей, новый источник полифенольных соединений -таннины коры и этаноллигнин древесины пихты. и этаноллигнином пихты на строение и свойства получаемых органических ксерогелей. Показано, что кажущуюся плотность (ρ каж ) и пористость (w) органических ксерогелей можно регулировать путем вариации соотношения таннины / этаноллигнин в реакционной смеси (Таблица 3). С ростом содержания лигнина кажущая плотность ксерогеля может снижаться от 0,65 до 0,11 г/см 3 . Анализируя удельную площадь поверхности методом БЭТ было оказано, что повышение значения рН среды при добавлении в реакционную смесь NaOH способствует развитию пористости получаемого органического ТФ геля. Однако при этом формируется механически непрочный гель, который после сушки представляет собой порошок кирпично-красного цвета. Изотермы адсорбции-десорбции азота и кривые, демонстрирующие распределение пор по размерам, рассчитанные методом BJH для образцов органических ксерогелей с различным соотношением Т/Л, приведены на рисунке Таблица Значения кажущейся плотности и пористости органических таннин-лигнин-формальдегидных ксерогелей с Изотермы образцов принадлежат IV типу, характерному для материалов с мезопористой структурой. Изотермы имеют петли гистерезиса, характерные для капиллярной конденсации в мезопорах. Как видно из этих изотерм, объем мезопор увеличивается с увеличением содержания лигнина в составе геля. Изотермы адсорбции-десорбции азота (А) и объем пор как функция их диаметра (В); кривая 1 -образец ксерогеля с соотношением Т:Л=1:1; кривая 2 -образец с соотношением Т:Л=1:0.25 Образцы ТЛФ органических ксерогелей характеризуются наличием мезо-и макропор в диапазоне от 2 до 100 нм. Образец Т/Ф ксерогеля имеет меньшую плотность и содержит больше мезопор с диаметром до 5 нм. В ИК-спектре ТЛФ ксерогеля присутствуют полосы поглощения при 1503, 1275 и 1034 см -1 , характерные для лигнина гваяцильного типа. Очевидно, образующийся ксерогель представляет собой сополимер макромолекул таннинов и лигнина. По данным метода СЭМ полученные органические ксерогели имеют структуру, сформированную микро-и наночастицами (Рисунок 5). СЭМ изображения образцов органических ксерогелей (аувеличение 10000 раз, соотношение Т/Л 1:0,5; b -увеличение в 45000 раз, соотношение Т/Л 1:1) Углеродные таннин-лигнин-формальдегидные гели были получены карбонизацией органических ксерогелей при 900 ˚С, синтезированных зольгель конденсацией формальдегида с таннинами и этаноллигнином пихты. Изучено влияние массового соотношения Т/Л на выход, кажущуюся плотность, удельную поверхность и объем пор углеродных гелей (Таблица 4).
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 6571234 определяющее влияние на структуру углеродных гелей. Размер частиц-глобул возрастает с повышением содержания лигнина в составе органического таннин-лигнин-формальдегидного ксерогеля, что приводит к формированию менее упорядоченной структуры углеродного геля. СЭМ-изображения образцов таннин-формальдегидного (а) и таннин-лигнин-формальдегидного (Т/Л = 1:0,5) (б) углеродных гелей (увеличение 10 5 раз) Полученные органические ксерогели являются негорючими и их можно использовать в качестве термостойких и огнезащитных материалов. Углеродные гели могут найти применение в качестве сорбентов, подложек катализаторов и изоляционных материалов. Изучение взаимодействия флавоноидов и редкоземельных металлов в водных растворах Определены термодинамические параметры комплексов, образуемых флавоноидами и ионами редкоземельных металлов и предложены их возможные структуры. Изучены системы металл-флавоноид с двумя индивидуальными флавоноидами (морин и кверцетин) и их сульфо-и бромопроизводными. На рисунке 7 изображены графики, визуализирующие полученные данные. График зависимости логарифма констант устойчивости от природы редкоземельного металла (слкева) и от величины ионного потенциала (z/r, справа). 1-кверцетин; 2 -кверцетин-5'-сульфоновая кислота; 3 -морин; 4 -морин-5'-сульфоновая кислота; 5 -6-бромокверцетин. Установлено, что кулоновская модель электростатического взаимодействия в наилучшей степени описывает изучаемые системы. На рисунке 8 визуализирован полученный массив данных о константах устойчивости, а также их зависимости от ионного потенциала. На основе расчетов методом DFT предложены наиболее вероятные структуры образующихся комплексов флавоноидов с редкоземельными металлами. Полученные данные могут быть использованы для разработки методов экстракции редкоземельных металлов и синтеза новых ионообменных смол с привитыми флавоноидами, способными селективно взаимодействовать с лантаноидами. Впервые методом 31 P-ЯМР установлено содержание и характер распределения различных гидроксильных групп (фенольных, карбоксильных и алифатических) в этаноллигнинах сосны, пихты, березы, осины и крафтлигнине. Показано, что общее содержание ОН-групп в изученных лигнинах варьируется в пределах от 5,46 до 6,10 ммоль/г. Методом ТГ/ДТГ установлено, что максимум скорости убыли массы на основной стадии термического разложения этаноллигнина осины сдвинут в сторону меньших температур по сравнению с этаноллигнином пихты на 22,4 °C в инертной и на 13 °C в окислительной (воздух) средах. Это свидетельствует о меньшей термической устойчивости сирингильных структур лиственного лигнина по сравнению с гваяцильными структурами хвойного лигнина. Разработан новый метод сульфатирования этаноллигнина пихты, основанный на использовании нетоксичной сульфаминовой кислоты в качестве сульфатирующего агента. Впервые определены оптимальные условия сульфатирования этаноллигнина пихты смесью сульфаминовая кислота -мочевина в 1,4-диоксане (температура 90-100 °C), мольное соотношение лигнин:сульфатирующий комплекс 1:2-1:3, продолжительность 1,5-3 ч, которые позволяют получить сульфатированный этаноллигнин с высоким выходом и содержанием серы. Методом 2D ЯМР 1 H и 13 C установлено, что с сульфаминовой кислотой преимущественно реагируют спиртовые группы этаноллигнина пихты. Методом гель-проникающей хроматографии установлено, что сульфатированный этаноллигнин пихты имеет более высокую молекулярную массу и пониженную степень полидисперсности по сравнению с исходным этаноллигнином. Впервые показана возможность химической модификации этаноллигнинов, модифицированных путем теломеризации с 1,3-бутадиеном с использованием в качестве катализатора комплекса диацетата палладия(II) с трисульфатом трифенилфосфина. По данным 31 Р-ЯМР спектроскопии в реакциях теломеризации участвуют фенольные и спиртовые гидроксильные группы, а карбоксильные группы являются мало реакционноспособными. Разработан новый метод синтеза органических ксерогелей, основанный на конденсации таннинов и этаноллигнинов пихты с формальдегидом. Показана возможность регулирования плотности и пористости ксерогелей путем варьирования соотношения таннины/этаноллигнин в исходной смеси. Полученные органические ксерогели являются негорючими и их можно использовать в качестве термостойких и огнезащитных материалов. Карбонизацией органических ксерогелей при температуре 900 °C получены пористые углеродные гели, характеристики которых (плотность, удельная поверхность, размер и объем пор) можно регулировать путем вариации соотношения таннины / лигнин в исходном ксерогеле. Углеродные гели могут использоваться в качестве сорбентов, подложек, катализаторов и изоляционных материалов.

  

  

  

  

  

  

  

  

Table 1 -

 1 Molecular weight distribution of lignin from crushed wood and isolated from pretreated biomass[START_REF] Кузнецов | Выделение, изучение и применение органосольвентных лигнинов (обзор)[END_REF] 

	Biomass	Type of treatment	Mn (Da)	Mw (Da)	D
		BJL	700	1520	2,17
	Стебель хлопка	Ammonium hydrothermal	560-890	1250-1740	1,83-2,23
		BJL	5860	10,860	1,85
	Betula alnoides	Microwave	3830	7290	1,90
		Heat	5000	11,450	2,29
		BJL	3690	5510	1,49
	Fagus sylvatica				
		Heat	2790	4020	1,44
		BJL	989	7790	7,9
		Ceriporiopsis subvermispora	743-770	5147-6330	6,7-8,5
	Pinustaeda	BJL	7590	13,500	1,77
		Organosolv BJL	6530	16,800	2,57
		Ethanol organosolv lignin	3070	5410	1,77
		BJL	4176	13,250	3,17
	Populus albaglandulosa	supercritical water	1042-1357	1655-4429	1,59-3,26
		supercritical water + catalyst	949-1097	1526-2753	1,55-2,63
	Pine sawdust	Sulfite (LS-SP165)	810	1440	1,77
	Commercial softwood	Sulfite (LSD-748)	4800	14000	2,92
		BJL		7760	
	Douglas fir				
		Deep eutectic solvents		1340	

Table 3 .

 3 Different regions in the 31 P-NMR spectrum

	OH group type	region, ppm
	Aliphatic OH	150.0-145.5
	Phenolic OH	144.7-136.6
	Combined para-OH-φ and guaiacyl	137.3-140.0
	C5 substituted	
	"condensed",	140-144.7
	including:	
	-β-5	142.8-144.7
	-4-O-5	141.7-142.8
	-5-5.	140.2-141.7
	Guaiacyl	139-140
	Catechol	138.0-139
	Para-hydroxy-phenyl	138-137.3
	Carboxylic OH	133.6-136.6
	By integrating different regions in the NMR spectrum with allowance for the reference peak
	of a cyclohexanol standard, we can estimate the concentrations of hydroxyl groups in the
	lignin samples. The estimates obtained are given in Table 4.

Table 4 .

 4 Distribution of OH groups (mmol×g -1 ) in the investigated lignins

	OH group	Kraft lignin Aspen lignin Abies lignin Pine lignin Birch lignin
	Aliphatic OH	2.27±0.03	2.3±0.2	2.27±0.03	2.53±0.17	1.77±0.11
	Phenolic OH	3.45±0.05	2.8±0.2	3.45±0.05	2.88±0.08	3.29±0.02
	Combined para-OH-φ and guaiacyl	2.2±0.1	1.02±0.04	2.53±0.03	2.12±0.05 1.085±0.015
	C5 substituted					
	"condensed",	1.3±0.1	1.9±0.1	0.81±0.02	0.74±0.02	2.18±0.02
	including:					
	-β-5	0.22±0.01	0.17±0.02	0.15±0.03	0.11±0.01	0.16±0.02
	-4-O-5	0.43±0.03	0.36±0.02	0.19±0.01 0.164±0.005 0.66±0.10
	-5-5.	0.55±0.05	1.3±0.1	0.39±0.01	0.36±0.02	1.3±0.1
	Guaiacyl	0.47±0.03	0.18±0.01 0.415±0.002 0.36±0.01	0.22±0.03
	Catechol	1.2±0.1	0.61±0.01	1.5±0.1	1.6±0.1	0.72±0.03
	Para-hydroxy-phenyl	0.53±0.03	0.23±0.01	0.44±0.04	0.13±0.01	0.14±0.01
	Carboxylic OH	0.41±0.02	0.48±0.02	0.33±0.01	0.29±0.01	0.40±0.01
	Summary	5.75±0.15	5.6±0.3	6.10±0.05	5.70±0.23	5.46±0.12

Table 5 .

 5 Main characteristics of the thermal decomposition of ethanol lignins in argon

	Sample			
	Aspen ethanol lignin	(30-243)/ 0,25 5,01	(243-450)/ 2,40 49,72	(450-600)/ 0,53 8,05
	Abies ethanol lignin	(30-252)/ 0,24 5,03	(252-450)/ 2,22 44,50	(450-600)/ 0,62 9,40

Temperature range, °C/weight loss rate, % × min -1 Weight loss in the temperature range, rel. %

Table 6 .

 6 TG/DTG data on the thermal decomposition of aspen wood, cellulose, and

	ethanollignin in argon				
				Aspen wood		
	Stages	Range	Тmax, °C	Weight loss,	Weight loss rate	Residual
		Т, °C		%	(DTG), %/min	weight, %
	I	30-236	60.0	2.90	-0.15	97.10
	II	236-320	318.3	21.51	-2.38	75.60
		320-380	363.4	46.96	-7.15	28.64
	III	380-600	440.0	9.67	-0.44	18.97
			Aspen microcrystalline cellulose	
	I	30-262	-	2.95	-0.13	97.05
	II	262-357	333.7	68.61	-7.22	28.44
	III	357-600	-	13.32	-0.54	15.12
			Aspen ethanol lignin		
	I	30-225	-	~3.0	-0.16	97.0
	II	225-437	376.3	49.81	-2.3	47.11
	III	437-600	-	9.98	-0.6	37.13

Table 7 .

 7 TG/DTG data on the thermal decomposition of ethanol lignins isolated from aspen and abies wood in air

		Temperature range, °C/weight loss rate, % × min -1 Weight loss in the temperature
	Sample				
			range, rel. %	
	Aspen ethanol	(30-243)/ 0,23	(242-323)/ 1,53	323-417)/ 2,38	(417-605)/ 3,48
	lignin	4,98	12,16	22,30	13,43
	Abies ethanol	(30-255)/ 0,23	(255-312)/ 1,00	(312-444)/ 2,25	(444-622)/3,44
	lignin	5,01	5,07	27,46	10,60

Table 8 .

 8 Comparison of the parameters of thermal decomposition of aspen and abies ethanol

	lignins in air and argon				
	Sample	Main weight loss	DTGmax	Weight loss,	DTG, % ×	Total weight loss,
		range		%	min -1	%
	Aspen ethanol	242-462	396	45.15	-2.05	49.92
	lignin (air)					
	Aspen ethanol	242-425	377.6	45.33	-2.64	49.98
	lignin (argon)					
	Abies ethanol lignin	252-495	402	45.25	-1.90	50.01
	(air)					
	Abies ethanol lignin	242-455	400	44.6	-2.17	49.96
	(argon)					

Composition and Properties of Sulfated Abies Ethanol Lignin Using Sulfamic Acid

  

Table 9 .

 9 Effect of the conditions of sulfation of abies ethanol lignin on the sulfated lignin yield and sulfur content

					Sulfur content,	Degree of sulfation,	
	No.	T, °C	Time, h	L:SC ratio			Yield, %
					wt %	%	
	1		1.5	1:0.8	0	0	0
	2		2.5	1:0.8	0	0	0
	3	80	1.5	1:1.2	5.0	37.1	43.8
	4		2.5	1:1.2	5.5	41.4	56.0
	5		2.5	1:1.4	6.0	45.8	65.9
	6		3.5	1:1.6	6.2	47.8	66.4
	7	95	1.5	1:0.8	4.5	28.1	60.0
	8	95	3.0	1:1.1	5.2	38.7	70.2
	9	95	2.5	1:2.0	6.2	47.8	71.0
	10	80	3.5	1:1.6	4.1	29.8	27.8

Table 10 .

 10 The effect of the conditions of abies ethanol lignin sulfation on the yield of sulfated lignin and sulfur content

					Yield, wt	Sulfur content,
	No.	Lignin : SC ratio	T, °С	Time, min		
					%	wt %
	1	1:1.2	70	90	37.2	4.4
	2	1:1.2	80	180	48.1	5.1
	3	1:1.2	90	90	62.1	5.6
	4	1:1.2	90	180	85.3	6.3
	5	1:1.2	100	90	69.8	5.7
	6	1:1.2	100	180	96.3	6.5
	7	1:1.5	80	90	58.5	5.4
	8	1:1.5	80	180	68.1	6.7
	9	1:1.5	90	90	82.4	5.9
	10	1:1.5	90	180	98.6	7.3
	11	1:1.5	100	90	88.7	6.3
	12	1:1.5	100	180	104.1	7.6
	13	1:2.0	80	90	84.5	6.1
	14	1:2.0	80	180	93.1	7.4
	15	1:2.0	90	90	95.2	6.4
	16	1:2.0	90	180	103.1	7.7
	17	1:2.0	100	90	99.1	7.0
	18	1:2.0	100	180	103.5	7.9
	19	1:3.0	80	90	98.9	7.3
	20	1:3.0	80	180	102.4	7.9
	21	1:3.0	90	90	100.6	7.5
	22	1:3.0	90	180	103.3	7.9
	23	1:3.0	100	90	105.9	7.9
	24	1:3.0	100	180	107.2	7.9

Table 11 .

 11 1 H-13 C signals in the HSQC spectra for the initial and sulfated ethanol lignin samples СНβ carbon signal in these moieties is shifted toward stronger fields. Having compared the correlation signals emitted by the α, β, and γ atoms of β-aryl ether (β-O-4) of the initial and sulfated ethanol lignin, we noticed that the HSQC signals of the corresponding atoms are different in all the positions indicated for these structures. In addition, the signals of carbon atoms СНα and СН2γ in sulfated lignin are shifted to the weakfield region by 1.7 and 6.4 ppm, respectively, relative to the signals of the initial lignin. Moreover, the signals of carbon atoms CHβ are shifted to the strong-field region by 3.7 ppm. These shifts of the signals in the spectra are indicative of sulfation of the OH groups associated with the CHα and CH2γ structures of β-aryl ether (β-O-4) of the lignin macromolecule. A similar shift of the HSQC signals for sulfated lignin (δН/δС is 3.33/64.6

	Moieties	δ 1 Н/ δ 13 С for lignin, ppm	δ 1 Н/ δ 13 С for sulfated lignin, ppm
	(СН)2 in guaiacyl moieties (G2)	6.90/111.0	7.0/111.1 0
	(СН)5 in guaiacyl moieties G5	6.70/115.9	6.70/115.8
	(СН)6 in guaiacyl moieties G6	6.76/119.2	6.77/119.1
	СНα in pinoresinol moieties (Dα)	4.61/85.3	4.56/83.8
	СНβ in pinoresinol moieties (Dβ)	3.06/54.3	3.20/54.8
	СН2γ in pinoresinol moieties (Dγ)	4.14,	4.12, 3.82/70.1
		3.89/71.8	
	СНα in phenolic coumarin moieties (Сα)	5.45/87.8	5.54/87.9
	СНβ in phenolic coumarin moieties (Сβ)	3.61/52.2	3.70/51.6
	СН2γ in phenolic coumarin moieties (Сγ)	3.66/63.5	4.04/67.5
	СНα in β-aryl ether moieties (β-О-4) (Аα)	4.77/71.5	3.44/73.2
	СНβ in β-aryl ether moieties (β-О-4) (Аβ)	4.30/84.2	4.59/80.5
	СН2γ in β-aryl ether moieties (β-О-4) (Аγ)	3.50/60.9	4.02/67.3
	СН2γ in coniferyl alcohol moieties (Вγ)	4.09/61.9	3.33/64.6
	Abies ethanol lignin and sulfated ethanol lignin contain the phenylcoumaran moieties
	(C), the peaks of which in the HSQC spectra correspond to the α, β, and γ positions: δН/δС
	are 5.45/87.82, 3.61/52.20, and 3.66/63.51 ppm in the spectrum of the initial ethanol lignin
	and 5.54/87.9, 3.70/51.61, and 4.04/67.51 ppm in the spectrum of sulfated ethanol lignin.

Based on these data, we can expect that the OH groups CHγ in the phenylcoumarane moieties undergo sulfation, since the HSQC signals of the corresponding carbon atoms in sulfated lignin are shifted to the weak-field region for the initial lignin; moreover, the neighboring ppm) relative to the initial lignin (δН/δС is 4.09/61.9 ppm) showed that the signals belong to the end groups CH2γ of coniferyl alcohol (Bγ), which confirms sulfation of the OH groups associated with CH2γ of this lignin moiety.

Table 12 .

 12 Average molecular weights Mn and Mw and polydispersity D of the initial and sulfated abies ethanol lignin samples

	Sample	Mn (Da)	Mw (Da)	D
	Abies ethanol lignin	950	1830	1.95
	Sulfated ethanol lignin-1 (80°C, 180 min, 5.5 wt % of S)	2923	3291	1.13
	Sulfated ethanol lignin-2 (90°C, 240 min, 7.1 wt % of S)	3276	5353	1.63
	Sulfated ethanol lignin-3 (70°C, 30 min, 4.7 wt % of S)	1994	2274	1.14
	Sulfated ethanol lignin-4 (70°C, 180 min, 5.5 wt % of S)	2237	2592	1.16

Table 13 .

 13 Distribution of -OH groups in the lignins after heating

			Aspen ethanol lignin		
	Parameters	Without catalyst	With catalyst	Initial ethanol lignin
	T, °C	90	70	90	70	-
	Aliphatic	1.68	1.96	1.66	1.94	2.3 ± 0.2
	Phenolic	1.90	1.92	2.69	2.21	2.8 ± 0.2
	Carboxyl	0.54	0.74	0.60	0.68	0.48 ± 0.02
	Total	4.1	4.6	4.95	4.8	5.6 ± 0.3
			Kraft lignin		
	Parameters	Without catalyst	With catalyst	Initial ethanol lignin
	T, °C	90	70	90	70	-
	Aliphatic	1.58	1.44	1.44	1.41	1.8 ± 0.2
	Phenolic	3.22	2.95	3.39	2.92	3.45 ± 0.05
	Carboxyl	0.65	0.50	0.59	0.60	0.41 ± 0.02
	Total	5.45	4.89	5.42	4.93	5.75 ± 0.15
			Abies ethanol lignin		
	Parameters	Without catalyst	With catalyst	Initial ethanol lignin
	T, °C	90	70	90	70	-
	Aliphatic	1.76	1.75	1.62	1.69	2.27 ± 0.03
	Phenolic	2.63	3.50	2.36	2.82	3.45 ± 0.05
	Carboxyl	0.55	0.58	0.65	0.54	0.33 ± 0.01
	Total	4.94	5.83	4.63	5.05	6.10 ± 0.05
			Pine ethanol lignin		
	Parameters	Without catalyst	With catalyst	Initial ethanol lignin
	T, °C	90	70	90	70	-
	Aliphatic	2.19	1.90	2.36	1.83	2.53±0.17
	Phenolic	3.20	2.44	3.31	3.27	2.88±0.08
	Carboxyl	0.68	0.52	0.62	0.43	0.29±0.01
	Total	6.07	4.85	6.28	5.53	5.70±0.23
			Birch ethanol lignin		
	Parameters	Without catalyst	With catalyst	Initial ethanol lignin
	T, °C	90	70	90	70	-
	Aliphatic	1.55	1.92	2.17	1.88	1.77±0.11
	Phenolic	3.42	3.30	3.28	2.93	3.29±0.02
	Carboxyl	0.72	0.76	0.86	0.72	0.40±0.01
	Total	5.69	5.98	6.31	5.54	5.46±0.12

Table 14 .

 14 Distribution of OH groups in the lignin telomerization products

		Aspen ethanol lignin		
	Parameters	Telomerization product	Initial ethanol lignin
	T, °C	90	70	-
	Aliphatic	1.69	1.13	2.3 ± 0.2
	Phenolic	1.41	0.92	2.8 ± 0.2
	Carboxyl	0.51	0.49	0.48 ± 0.02
	Total	3.6	2.5	5.6 ± 0.3
		Kraft lignin		
	Parameters	Telomerization product	Initial ethanol lignin
	T, °C	90	70	-
	Aliphatic	1.45	1.23	1.8 ± 0.2
	Phenolic	3.18	1.90	3.45 ± 0.05
	Carboxyl	0.55	0.46	0.41 ± 0.02
	Total	5.18	3.59	5.75 ± 0.15
		Abies ethanol lignin		
	Parameters	Telomerization product	Initial ethanol lignin
	T, °C	90	70	-
	Aliphatic	1.82	1.95	2.27 ± 0.03
	Phenolic	3.05	2.17	3.45 ± 0.05
	Carboxyl	0.80	0.59	0.33 ± 0.01
	Total	5.67	4.71	6.10 ± 0.05
		Pine ethanol lignin		
	Parameters	Telomerization product	Initial ethanol lignin
	T, °C	90	70	-
	Aliphatic	2.43	2.16	2.53±0.17
	Phenolic	2.86	2.61	2.88±0.08
	Carboxyl	0.67	0,53	0.29±0.01
	Total	5.96	5.30	5.70±0.23
		Birch ethanol lignin		
	Parameters	Telomerization product	Initial ethanol lignin
	T, °C	90	70	-
	Aliphatic	2.48	1.89	1.77±0.11
	Phenolic	4.15	2.79	3.29±0.02
	Carboxyl	0.55	0.69	0.40±0.01
	Total	7.18	5.37	5.46±0.12

Table 15 .

 15 Data on the products of the telomerization reaction occurring for 24 and 48 h

	Type of OH-group	Initial	Aspen ethanol lignin 24 h	48 h
	Aliphatic	23±0.2	2.05	1.89
	Phenolic	2.8±0.2	2.96	1.45
	Carboxyl	0.48±0.02	0.68	0.73
	Total	5,6±0.3	5.69	4.07
	Type of OH-group	Initial	Kraft lignin 24 h	48 h
	Aliphatic	1.8±0.2	1.71	2.11
	Phenolic	3.45±0.05	4.12	3.76
	Carboxyl	0.41±0.02	0.63	0.65
	Total	5.75±0.15	6.46	6.52
	Type of OH-group	Initial	Abies ethanol lignin 24 h	48 h
	Aliphatic	2.27±0.03	1.23	2.02
	Phenolic	3.45±0.05	3.26	2.87
	Carboxyl	0.33±0.01	0.51	056
	Total	6.10±0.05	5.00	5,.45
	Type of OH-group	Initial	Pine ethanol lignin 24 h	48 h
	Aliphatic	2.53±0.17	2.42	2.14
	Phenolic	2.88±0.08	3.12	2.76
	Carboxyl	0.29±0.01	0.55	0.61
	Total	5.70±0.23	6.09	5.51
	Type of OH-group	Initial	Birch ethanol lignin 24 h	48 h
	Aliphatic	1.77±0.11	1.94	1.63
	Phenolic	3.29±0.02	2.68	2.56
	Carboxyl	0.40±0.01	0.71	0.76
	Total	5.46±0.12	5.33	4.95

Table 16 .

 16 Theoretically calculated contributions to the Gibbs energy of the telomerization

	reaction				
	Reacting group	∆Ggas, kJ/mol	∆Gaq, kJ/mol	∆Ezpe, kJ/mol	∆∆G, kJ/mol
	Aliphatic-OH	-335.3	328.6	1.14	-5.5
	Phenolic-OH	-362.6	345.8	0.98	-15.8
	Carboxyl-OH	-316.1	317.3	0.67	1.9

Table 17 .

 17 Parameters of the initial abies polyphenols used in the synthesis of organic

	xerogels						
		С,	Н,	Ash content,	MW,		Degree of
	Sample					Mn, g/mol	
		wt %	wt %	wt %	g/mol		dispersity
	Ethanol						
		66.34	5.94	0.37	1740	790	2.20
	lignin						
	Tannins	57.72	5.84	0.40	1884	684	2.75

Table 19 .

 19 Elemental composition (%) and specific surface area SBET of the organic gels

	Gel samples	С, %	Н, %	SBET, m 2 /g
	TF (HCl)	60.94	5.12	8.9
	TF (NaOH)	60.30	5.74	20.3
	TF (НСООН)	60.67	6.10	3.5
	TLF, T/L = 1 : 0.25 (HCl)	62.68	5.60	1.5
	TLF; Т/L = 1 : 0.5 (HCl)	63.48	5.38	0.6
	TLF, Т/L = 1 : 1 (HCl)	62.78	5.36	1.0
	TLF, Т/L = 1 : 2 (HCl)	65.29	5.52	1.4

Table 20 .

 20 Characterization of the main stages of thermal destruction of the organic

	xerogels synthesized from abies polyphenols			
			TF organic gel sample		
	Range, °С	≤ 148	148-295	295-480	480-800	Residue
	m, %	3.0	7.0	30,9	13.95	
	V, %/min	-0.26	-0.47	-1.67	-0.43	45.15
			TLF organic gel sample (50% of lignin)	
	Range, °С	≤ 125	125-272	272-480	480-800	Residue
	m, %	3.0	7.0	36.0	16.8	
	V, %/min	-0.32	-0.47	-1.72	-0.51	38.2
			TLF organic gel sample (67% of lignin)	
	Range, °С	≤ 125	125-232	232-480	480-800	Residue
	m, %	3,0	6,96	30,0	15,6	
	V, %/min	-0.32	-0.65	-1.2	-0.47	44,4

Table 21 .

 21 General scheme of the carbon gel synthesis

	Initial components	Mass ratio T/L	Crosslinki ng agent	Polycondensa tion reaction (85°С, 5 days)	Solvent change (40°С, 3	Air/vacuum drying, 18-40°С, 7	Carbonatio n, 800°С, 2 h, argon
					days)	days	
	Tannin/ lignin		Formalde	Sol/gel	Organic		
		1:0-1:2				Xerogel	Carbon gel
	(T/L)		hyde	transition	gel		

Table 22 .

 22 Yield and porosity characteristics of the carbon gels synthesized from abies lignin

	and tannins at different tannin-lignin weight ratios		
	Tannin-lignin T/L	1 : 0	1 : 0.2	1 : 0.5	1 : 1	1 : 2
	SBET, m 2 /g	483	430.6	290	457	536
	Vpor, g/cm 3	0.24	0.22	0.15	0,23	0.26
	CG yeild, %	42.2	43.0	47.5	45.16	41.80
	, g/cm 3	0.52	0.59	0.60	0.20	0.13

Table 23 .

 23 Characteristics of the porous structure of the carbon gels obtained from abies tannins and lignin upon variation in their weight ratio within 1:0-1:2

								DFT calculation,
	CG	BET measurements	BJH calculation, mesopores	micropores ≤2 nm in
	sample							size	
	, T/L			Pore	S	Vpor,	Pore size,	Volume,	Fraction
		SBET, m 2 /g	Vtot, cm 3 /g	size, nm	m 2 /g spec.,	cm 3 /g	nm	cm 3 /g	, %
	1:0	483	0.23	1.94	10.9	0.01	4.2	0.19	83
	1:0.2	415	0.22	2.15	8.5	0.03	15.4	0.16	73
	1:0.5	290	0.15	2.07	6.3	0.02	11.4	0.11	73
	1:1	457	0.22	1.96	13.3	0.01	4.3	0.17	77
	1:2	536	0.26	1.95	9.8	0.01	5.6	0.21	81

Table 24 .

 24 Acid-base and spectral characteristics of 6-bromoquercetin at different ionic

	strengths						
	I (NaClO4)	0.1		0.5		1.0	
	λ, nm	281	408	281	408	281	408
	pKa ± 0.02	5.68	5.70	5.85	5.90	6.04	6.01
	log(εL-) ± 0.01	4.16	3.96	4.14	3.94	4.14	3.93
	log(εHL) ± 0.01	3.78	3.60	3.78	3.61	3.79	3.62

Table 25 .

 25 Acid-base characteristics of the flavonoids and their derivatives[START_REF] Kopacz | Quercetin-and Моринsulfonates as Analytical Reagents / M. Kopacz[END_REF][START_REF] Lutoshkin | A spectrophotometric and DFT study of the behavior of 6bromoquercetin in aqueous solution / M[END_REF] 

	Ligand	pKa	pKH
	Quercetin	7.3±0.1	2.30±0.02
	Quercetin-5'-sulfonic acid	7.18±0.15	4.07±0.04
	Morin	5.1±0.3	2.36±0.02
	Morin-5'-sulfonic acid	4.39±0.01	3.2±0.2
	6-bromoquercetin	5.85±0.03	3.50±0.03

Table 26 .

 26 Conditional (K') and true (K) stability constants and molar extinction coefficients for the quercetin-lanthanide system

	Ln(III)	pH	logK'±0,02	logε 412 ±0,03	logK±0.05
	La	5.60	2.61	3.11	5.77
		5.60	2.67	3.11	5.41
	Ce	5.20	2.28	3.11	5.38
		5.00	2.10	3.09	5.39
	Pr	5.00	1.99	3.25	5.95
	Nd	5.20	2.21	3.23	5.59
	Sm		2.05	3.32	5.81
		5.00			
	Eu		2.43	3.28	6.12
	Gd		2.07	3.38	5.49
		5.20			
	Tb		2.67	3.26	6.43
		5.60	3.05	3.26	6.40
	Dy	5.20	2.62	3.29	6,36
		4.80	2.27	3.25	6.41
	Er		2.67	3.29	6.57
		5.00			
	Tm		2.74	3.37	6.65
	Yb	5.20	3.11	3.11	7.71

Table 27 .

 27 Conditional

		(K') and true (K) stability constants and molar extinction coefficients
	for the quercetin-5'-sulfonic acid-lanthanides system	
	Ln(III)	pH	logK'±0.02	logε 420 ±0.03	logK±0.05
	La	5.40	2.74	4.28	5.90
		4.60	2.44	4.27	6.12
	Ce	5.00	2.73	4.25	6.02
		5.40	3.27	4.27	6.19
	Pr		2.83	4.24	6.79
	Nd		3.09	4.26	6.66
		5.00			
	Sm		3.02	4.25	6.78
	Eu		3.00	4.26	6.70
	Gd		3.56	4.28	7.17
		4.60	2.80	4.22	7.16
	Tb	5.00	3.22	4.23	7.15
		5.40	3.58	4.25	7.12
	Dy	5.40	3.56	4.27	7.50
	Er		3.50	4.26	7.40
	Tm	5.00	3.56	4.27	7.47
	Yb		3.81	4.24	8.60

Table 28 .

 28 Conditional (K') and true (K) stability constants and molar extinction coefficients for the morin-lanthanides system

	Ln(III)	pH ± 0.01	logK' ± 0.03	logε 408 ± 0.04	logK ± 0.1
	La	2.80	2.70	4.13	6.8
		2.20	1.88	4.11	6.7
		2.60	2.41	4.10	6.9
	Ce				
		2.80	2.64	4.15	6.9
		3.00	2.84	4.17	6.9
		2.60	2.42	4.15	6.8
	Pr	2.80	2.67	4.16	6.8
		3.00	2.90	4.18	69
		2,40	2.31	4.12	6,.8
	Nd	2.60	254	4.13	6.9
		2.80	2,.81	4.15	6.9
	Sm		2.62	4.16	7.2
		2.60			
	Eu		2.66	4.16	7.2
		2.40	2.64	4.18	7.3
		2.60	2.92	4.19	7.4
	Gd				
		2.80	3.17	4.19	7.4
		3.00	3.43	4.20	7.5
	Tb	2.20	2.15	4.16	7.2
		2.20	2.20	4.14	7.3
		2.60	2.75	4.18	7,4
	Dy				
		2.80	3.00	4.20	7.5
		3.00	3.25	4.20	7.5
	Er		3.07	4.21	7.6
	Tm	2.80	3.15	4.20	7.8
	Yb		3.17	4.21	7.9
	Lu	2.40	2.70	4.05	7.9

Table 29 .

 29 Conditional (K') and true (K) stability constants and molar extinction coefficients for the morine-5'-sulfonic acid-lanthanides system

	Ln(III)	pH ± 0.01	logK' ± 0.03	logε 408 ± 0.04	logK ± 0.1
	La	3.00	3.62	3.79	7.0
	Ce	2.80	3.21	3.88	6.9
		2.40	2.81	3.77	6.8
		2.60	3.11	3.77	6.9
	Pr				
		2.80	3.27	3.81	6.9
		3.00	3.54	3.82	7.0
		2.40	2.90	3,90	6.9
		2.60	3.08	3.88	6.8
	Nd				
		2.80	3.32	3.91	6.9
		3.00	3.56	3.92	6.9
	Sm		3.41	3.90	7.2
	Eu	2.80	3.41	3.89	7.2
	Gd		3.34	3.76	7.0
	Tb	2.40	2.84	3.75	7.1
	Dy	2.80	3.46	3.76	7.4
		2.40	3.04	3.75	7.4
	Er	2.60	3.30	3.76	7.5
		2.80	3.53	3.77	7.5
	Tm	2.80	3.59	3.77	7.7
		2.40	3.09	376	7.7
	Yb	2.60	3.36	3.77	7.8
		2.80	3.59	3.79	7.8
	Lu	2.40	3.24	3.73	7.8

Table 30 .

 30 Conditional (K') and true (K) stability constants and molar extinction coefficients for the 6-bromoquercetin-lanthanide system

	Ln(III)	pH ± 0.01	logK'± 0.01	logε 429 ± 0.03	logK ± 0.05
	Ce	5.20	2.18	4.14	4.04
	Pr	5.20	2.31	4.14	4.83
	Nd	5.20	2.13	4.17	4.27
	Sm	5.20	2.59	4.12	4.91
	Eu	5.40	2.72	4.13	4.83
	Gd	5.20	2.64	4.14	4.82
	Tb	4.60	2.43	4.15	5.50
	Dy	4.60	2.24	4.16	5.27
		4.40	2.24	4.14	5.43
	Er	4.60	2.40	4.18	5.40
		4.80	2.65	4.12	5.47
	Tm	4.60	2.26	4.19	5.27
		4.20	2.12	4.14	6.40
	Yb	4.40	2.34	4.15	6.42
		4.60	2.58	4.11	6.48
	Lu	4.60	2.70	4.14	5.77

Table 31 .

 31 Theoretical values of the stability constants (log10K calc ) and free Gibbs energy

				log10K calc		-∆G solv , kJ•mol -1	
	Ligand	log10K exp	Def2-SVP	Def2-TZVPD	Def2-TZVP	Def2-SVP	Def2-TZVPD	Def2-TZVP
	Morin	6.8	2.09	11.88	10.55	287.5	253.4	262.4
	Quercetin	5.77	1.01	8.64	7.37	262.8	253.3	253.4
	Morin-5'-sulfonic acid	7.0	4.61	10.79	9.45	283.8	273.9	282.9
	Quercetin-5'-sulfonic acid	5.90	3.40	9.57	8.31	239.7	230.3	240.0

Table A1 .

 A1 The absorbance data for calculation of pKa for 6-bromoquercetin

			Table A3. Spectral data for Ce(III)-Quercetin system, λ = 412 nm; 298 K, I=1(NaClO4) Table A6. Spectral data for Yb(III)-Quercetin system, pH=5.2, C(Quercetin) = 5.29•10 -4 ,
			λ = 412 nm; 298 K, I=1(NaClO4) Table A10. Spectral data for Pr(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -4 ,
		pH 5.2; C(quer)=5.29•10 -4	pH 5.0; C(quer)=5.29•10 -4 C(Yb) A λ = 412 nm; 298 K, I=1(NaClO4) pH 5.6; C(quer)=2.65•10 -4
			C(Ce)	A		C(Ce) 0.00062 C(Pr)		A 0.493 A	C(Ce)	A
			0.001	0.217		0.002 0.00124 0.0026		0.315 0.673 0.322	0.001	0.133
			0.002	0.264		0.004 0.00206 0.0052		0.411 0.754 0.419	0.001	0.167
	pH 3.60 4.00 4.60 5.00 5.20 5.40	I = 0.1 0.003 0.004 0.006 0.549 281 nm A 3.60 408 nm pH 0.362 0.299 0.339 A 0.398 0.008 0.450 0.559 4.00 0.372 0.010 0.494 0.599 4.60 0.405 0.659 5.00 0.450 0.695 5.20 0.476 0.012 0.527 Table A11. Spectral data for Sm(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -I = 0.5 0.006 0.486 0.002 0.203 0.00248 0.0078 0.498 0.786 I = 1.0 281 nm 408 nm 281 nm 0.008 0.539 0.004 0.264 0.00495 0.0104 0.551 0.895 408 nm pH A pH A pH A pH 0.010 0.581 0.006 0.310 0.00826 0.954 0.0208 0.696 A 4.00 0.545 4.00 0.376 4.00 0.568 4.00 0.012 0.618 0.008 0.336 0.01239 0.0312 0.758 0.990 0.381 4.60 0.579 4.60 0.396 4.60 0.582 4.60 0.016 0.682 0.012 0.373 0.01652 0.0416 0.781 1.030 0.399 5.00 0.630 5.00 0.422 5.00 0.623 5.00 0.423 5.20 0.674 5.20 0.442 5.20 0.653 5.20 0.436 5.40 0.730 5.40 0.471 5.40 0.690 5.40 0.020 0.724 0.016 0.400 0.016 0.581 0.020 Table A7. Spectral data for Gd(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -4 , 4 , λ = 412 nm; 298 K, I=1(NaClO4) 0.414 0.020 λ = 412 nm; 298 K, I=1(NaClO4) C(Sm) A 0.624 0.456 0.785 5.40 0.523 5.60 0.808 5.60 0.508 5.60 0.764 5.60 0.024 C(Gd) A 0.001 0.248 0.664 0.499 0.00087 0.312 0.002 0.332
	5.60	0.893	5.60 Table A4. Spectral data for Nd(III)-Quercetin system, pH=5.2, C(Quercetin) = 5.29•10 -4 , 0.576 5.80 0.879 5.80 0.564 5.80 0.811 5.80 0.516 0.00219 0.425 0.004 0.437
	5.80	0.966	5.80	0.628	6.00	0.982 λ = 412 nm; 298 K, I=1(NaClO4) 6.00 0.620 0.00437 0.566 0.006 0.553	6.00	0.902	6.00	0.578
	6.00	1.082	6.00	0.663	6.20	1.032 C(Nd) 0.00655 0.008	6.20	0.644 0.642 A 0.598	6.20	0.971	6.20	0.615
	6.20	1.135	6.20	0.702	6.40	1.109 0.0227 0.00874 0.012	6.40	0.685 0.352 0.750 0.697	6.40	1.032	6.40	0.645
	6.40	1.190	6.40	0.738	6.60	1.156 0.0045 0.01311 0.016	6.60	0.714 0.466 0.855 0.790	6.60	1.109	6.60	0.690
	6.60	1.219	6.80	0.807	6.80	1.224 0.0068 0.01748 0.020	6.80	0.768 0.562 0.903 0.817	6.80	1.205	6.80	0.750
	6.80 7.00	1.270 1.273	7.00 7.40 Table A12. Spectral data for Er(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -4 , 0.828 7.00 1.242 7.00 0.797 7.00 1.221 7.00 0.783 0.838 7.60 1.269 7.40 0.846 0.0091 0.601 0.0114 0.638 0.02185 0.962 λ = 412 nm; 298 K, I=1(NaClO4)
	7.20 7.40	1.293 1.308	7.60 Table A8. Spectral data for La(III)-Quercetin system, pH=5.6, C(Quercetin) = 5.29•10 -4 , 0.841 7.60 0.862 0.0136 C(Er) A 0.657 0.0182 0.718 λ = 412 nm; 298 K, I=1(NaClO4) 0.0008 0.355
	7.60	1.309					C(La) 0.0016		A 0.526			
			Table A5. Spectral data for Tb(III)-Quercetin system, pH=5.2, C(Quercetin) = 5.29•10 -4 , 0.00055 0.218 0.0032 0.68
			Table A2. The absorbance data for calculation of pKH for 6-bromoquercetin λ = 412 nm; 298 K, I=1(NaClO4) 0.0011 0.262 0.0049 0.787
					450 nm	C(Tb) 0.0022 0.0065		A 0.368 0.855	375 nm		
				A		log(C(HCl)) 0.0013 0.0033 0.0078	A 0.434 0.433 0.914	log(C(HCl))	
				0.007		-0.282 0.0039 0.0044 0.0130		0.815 0.688 0.476 0.978	-0.282	
				0.013		0.399 0.0053 0.0055 0.0160		0.809 0.760 0.533 0.997	0.399	
			Table	0.026		0.621 0.0062 0.0077		0.802 0.798 0.601	0.621	
				0.059		0.718 0.0071 0.0110		0.790 0.837 0.686	0.718	
			0.141 0.230 Table A9. Spectral data for Eu(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -4 , 0.815 0.770 0.815 0.864 0.738 0.864 0.0089 0.884 0.0178 1.021 λ = 412 nm; 298 K, I=1(NaClO4)
				0.312		0.894 0.0266 C(La)		0.706 1.083 A	0.894	
				0.418	0.922 0.00066		0.668 0.290	0.922	
				0.528		0.949 0.0011		0.628 0.344	0.949	
				0.633		0.973 0.0022		0.581 0.465	0.973	
				0.771		0.997 0.0033		0.544 0.555	0.997	
				0.875		1.019 0.0044		0.501 0.633	1.019	
				0.962		1.040 0.0055		0.464 0.689	1.040	
				1.061		1.061 0.0077		0.441 0.769	1.061	
				1.120		1.095 0.0110		0.394 0.841	1.095	

  La biomasse végétale est une resource renouvelable prometteuse pour la production d'une large gamme de composés organiques à haute valeur ajoutée. La lignine, la cellulose et les hémicelluloses sont les composants polymériques majeurs de cette biomasse, principalement issue de bois. La cellulose et les hémicelluloses sont des polysaccharides et la lignine est un polymère amorphe dont la structure est formée par des unités phénylpropane. Dans les procédés de traitement du bois, seule la cellulose est véritablement utilisée et la lignine reste un déchet difficile à utiliser. De fait, de nos jours, il n'y a pas de technologies efficaces pour valoriser la lignine. Pour y parvenir, de nombreuses études actuelles visent à étudier les caractéristiques physico-chimiques de lignine et à déveloper des méthodes vertes de transformation en matériaux fonctionnels.Par ailleurs, la biomasse végétale contient des composés à faible poids moléculaire tels que les flavonoïdes (polyphénols jouant un role important dans le métabolisme végétal). Une des propriétés de ces composés est leur capacité à former des complexes chélates avec des ions de métaux terres rares, mais qui n'a été que rarement étudiée en details. Le développement de nouvelles approches d'utilisation des composés polyphénoliques peut aider à étendre la gamme de produits de valeur, et accroitre l'efficacité économique de valorisation de végétaux issus de

	Table A14. Spectral data for Tm(III)-Quercetin system, pH=5.0, C(Quercetin) = 5.29•10 -4 , Table A17. Spectral data for Gd(III)-Quercetinsulfanate system, pH = 5.0; Table A20. Spectral data for Nd(III)-Quercetinsulfanate system, pH = 5.0; Table A26. Spectral data for La(III)-Quercetinsulfanate system, pH = 5.0; Table A29. The absorbance data for Nd-Morin system for 408 nm Table A32. The absorbance data for Dy-Morin system for 408 nm Table A34. The absorbance data for La, Lu-Morin systems for 408 nm; Table A40. The absorbance data for Er-MSA systems for 408 nm
	•10 -4 A(412) 0.292 0.362 0.479 0.624 0.713 0.761 0.845 0.892 0.920 Table A15. Spectral data for Ce(III)-Quercetinsulfanate system, λ = 420 nm; 298 K, pH 5,6; C(quer)=5,29•10 -4 pH 4,8; C(quer)=2,65•10 -4 C(Dy) C(Dy) A C(Dy) A 0.0004 0.0003 0.287 0.0009 0.143 0.0074 0.0007 0.439 0.0015 0.174 0.0015 0.0015 0.586 0.0030 0.233 0.0030 0.0030 0.717 0.0044 0.275 0.0044 0.0044 0.774 0.0059 0.307 0.0059 0.0059 0.805 0.0089 0.352 0.0089 0.0089 0.840 0.0118 0.383 0.0118 0.0012 0.859 0.0148 0.407 0.0148 0.0148 0.873 λ = 412 nm; 298 K, I=1(NaClO4) C(Tm) A 0.0004 0.361 0.0010 0.510 0.0020 0.677 0.0039 0.847 0.0079 1.006 0.0119 1.085 0.0198 1.161 I=1(NaClO4) pH 5.0; C(quersulf)=3.35•10 -5 pH 5.4; C(quersulf)=6.67•10 -5 pH 4.6; C(quersulf)=6.67•10 -5 C A C A C A 0.001 0.234 0.0002 0.423 0.0010 0.363 0.002 0.350 0.0004 0.603 0.0020 0.530 0.004 0.459 0.0006 0.755 0.0030 0.682 0.006 0.505 0.001 0.844 0.0040 0.750 0.008 0.526 0.0012 0.931 0.0048 0.811 0.012 0.560 0.0016 0.979 0.0064 0.883 0.02 0.586 0.002 0.989 0.0080 0.926 0.032 0.632 0.0024 1.018 0.0120 0.988 0.0032 1.032 0.0200 1.102 Table A16. Spectral data for Tb(III)-Quercetinsulfanate system, C(quersulf)=6.67•10 -5 λ = 420 nm; 298 K, I=1(NaClO4) pH 4.6 pH 5.0 pH 5.4 C A C A C A 0.0004 0.293 0.00044 0.480 0.00009 0.311 0.0009 0.437 0.00089 0.700 0.00021 0.515 0.0013 0.577 0.00133 0.850 0.00030 0.694 0.0022 0.749 0.00222 0.982 0.00044 0.787 0.0044 0.944 0.00444 1.086 0.00080 0.929 0.0089 1.073 0.00710 1.125 0.00133 0.997 0.0178 1.312 0.01776 1.255 0.00178 1.034 0.0266 1.421 0.02660 1.358 0.00220 1.052 0.0355 1.514 0.03550 1.421 0.00310 1.076 0.0444 1.616 0.04440 1.482 0.00440 1.146 C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.00022 0.509 0.00032 0.677 0.00044 0.800 0.00066 0.896 0.00087 0.951 0.00153 1.039 0.00218 1.083 0.00310 1.160 0.00350 1.181 Table A18. Spectral data for Er(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.0002 0.381 0.0003 0.637 0.0005 0.791 0.0008 0.927 0.0016 1.027 0.0026 1.061 0.0065 1.146 0.0098 1.163 0.0130 1.170 Table A19. Spectral data for Pr(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.00055 0.413 0.00092 0.524 0.00185 0.685 0.00277 0.774 0.00369 0.857 0.00554 0.954 0.00740 0.976 0.00920 1.022 0.01850 1.085 C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.00045 0.485 0.00068 0.571 0.00136 0.785 0.00227 0.886 0.00341 0.955 0.00454 1.002 0.00681 1.069 0.00910 1.115 0.01360 1.176 Table A21. Spectral data for Yb(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.00008 0.413 0.00021 0.581 0.00031 0.743 0.00041 0.834 0.00062 0.951 0.00083 1.010 0.00145 1.065 0.00206 1.083 0.00210 1.095 Table A22. Spectral data for Tm(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.0001 0.331 0.0002 0.527 0.0003 0.705 0.0005 0.870 0.0010 0.999 0.0016 0.0040 0.0060 0.0080 0.0100 1.244 0.0131 0.870 1.233 0.0200 1.192 0.0145 0.698 0.0145 0.784 0.0145 0.848 0.0087 0.820 0.0054 0.908 ; 1.216 0.0160 1.170 0.0109 0.654 0.0109 0.751 0.0011 0.831 0.0108 0.781 0.0066 0.785 0.0072 0.851 0.0041 0.889 0.0076 0.570 0.0050 0.603 0.0050 0.667 0.0050 0.713 1.193 0.0120 1.143 0.0080 0.592 0.0080 0.696 0.0080 0.790 0.0079 0.731 0.0048 0.724 0.0040 0.817 0.0025 0.831 0.0050 0.515 0.0031 0.543 0.0031 0.628 0.0031 0.684 1.064 C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C(Morin) = 6.87•10 -5 M C(Morin)=5.95•10 -5 M C(Morin) = 8.35•10 -5 M C(Morin) = 5.85•10 -5 M C(Morin) = 5.95•10 -5 M Table A37. The absorbance data for Nd-MSA systems for 408 nm C(NaMSA) = 1.26•10 -4 M C(NaMSA) = 1.07•10 -4 M 1. Introduction Table A23. Spectral data for Sm(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.000 0.372 0.001 0.501 0.001 0.671 0.002 0.896 0.003 0.960 0.005 0.998 0.007 C A pH 2.40 pH 2.60 pH 2.80 pH 2.20 pH 2.60 pH 2.80 pH 3.00 pH 2.40 pH 2.80 pH 2.40 pH 2.60 pH 2.80 pH 3.00 0.00060 0.286 C(Nd), M A C(Nd), M A C(Nd), M A C(Nd), M C(Dy), M A C(Dy), M A C(Dy), M A C(Dy), M A C(Lu), M A C(La), M A C(NaMSA) = 8.18•10 -5 M C(NaMSA) = 1.11•10 -4 M C(Er), M A C(Er), M A C(Er), M A A 0.00119 0.480 0.0006 0.144 0.0004 0.135 0.0002 0.157 0.0003 0.001 0.216 0.0002 0.185 0.0002 0.202 0.0002 0.286 0.0004 0.165 0.0003 0.140 pH 2.40 pH 2.60 pH 2.80 pH 3.00 0.0003 0.237 0.0003 0.314 0.0002 0.254 0.265 0.00239 0.662 0.0013 0.239 0.0010 0.240 0.0006 0.259 0.0006 0.002 0.335 0.0004 0.288 0.0004 0.291 0.0004 0.407 0.0008 0.239 0.0006 0.210 C(Nd), M A C(Nd), M A C(Nd), M A C(Nd), M A 0.0058 0.310 0.0059 0.411 0.0003 0.343 0.375 0.00358 0.690 0.0023 0.327 0.0017 0.333 0.0011 0.394 0.0011 0.003 0.426 0.0006 0.356 0.0006 0.375 0.0006 0.490 0.0013 0.301 0.0008 0.269 0.0004 0.200 0.0004 0.287 0.0002 0.301 0.0002 0.341 0.0010 0.384 0.0010 0.492 0.0006 0.417 0.489 0.00478 0.768 0.0034 0.412 0.0029 0.433 0.0019 0.485 0.0017 0.004 0.497 0.0010 0.501 0.0010 0.478 0.0008 0.546 0.0021 0.375 0.0012 0.331 0.0007 0.261 0.0010 0.444 0.0006 0.463 0.0003 0.452 0.0016 0.475 0.0016 0.569 0.0010 0.492 0.581 0.00600 0.822 0.0050 0.490 0.0042 0.508 0.0029 0.566 0.0027 0.006 0.606 0.0018 0.661 0.0018 0.608 0.0012 0.641 0.0031 0.439 0.0017 0.391 0.0011 0.334 0.0017 0.535 0.0011 0.583 0.0005 0.566 0.0026 0.550 0.0026 0.628 0.0016 0.548 0.660 0.00717 0.855 0.0069 0.565 0.0061 0.581 0.0042 0.641 0.0042 0.009 0.720 0.0030 0.806 0.0030 0.709 0.0020 0.732 0.0047 0.507 0.0022 0.441 0.0019 0.411 0.0029 0.631 0.0018 0.672 0.0010 0.659 0.0039 0.602 0.0039 0.671 0.0026 0.582 0.731 0.00840 0.902 0.0096 0.642 0.0084 0.637 0.0061 0.697 0.0061 0.787 0.012 0.826 0.0045 0.933 0.0045 0.779 0.0030 0.796 0.0063 0.551 0.0034 0.527 0.0031 0.476 0.0042 0.672 0.0029 0.719 0.0017 0.742 0.0052 0.633 0.0052 0.697 0.0039 0.608 1.045 0.008 0.0122 0.690 0.0115 0.691 0.0084 0.752 0.0084 0.820 0.016 0.898 0.0061 1.005 0.0061 0.818 0.0045 0.841 0.0083 0.602 0.0045 0.576 0.0050 0.542 0.0061 0.721 0.0042 0.763 0.0027 0.784 1.057 0.012 1.124 0.020 0.0153 0.734 0.0153 0.732 0.0115 0.790 0.0115 0.846 0.200 0.956 0.0081 1.078 0.0098 0.880 0.0061 0.879 0.0104 0.637 0.0076 0.587 0.0084 0.747 0.0061 0.793 0.0042 0.813 Table A27. The absorbance data for Ce-Morin system for 408 nm 0.0153 0.822 0.0142 1.182 0.0137 0.904 0.0081 0.898 0.0115 0.784 0.0096 0.815 0.0061 0.831 1.152 Table A24. Spectral data for Dy(III)-Quercetinsulfanate system, pH = 5.4; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.00003 0.221 0.00008 0.329 0.00015 0.515 0.00030 0.772 0.00074 0.967 0.00148 1.010 0.00296 1.060 0.00590 1.071 0.00890 1.073 Table A25. Spectral data for Eu(III)-Quercetinsulfanate system, pH = 5.0; C(quersulf)=6.67•10 -5 ; λ = 420 nm; 298 K, I=1(NaClO4) C A 0.0004 0.354 0.0006 0.488 0.0010 0.688 0.0020 0.899 0.0032 0.967 0.0050 1.025 0.0080 1.071 C(Morin) = 6.64•10 -5 M 0.0203 1.251 0.0101 0.923 Table A41. The absorbance data for Yb-MSA systems for 408 nm C(Morin) =5.85•10 -5 M C(Morin) = 6.64•10 -5 M pH 2.20 pH 2.60 pH 2.80 C(NaMSA) = 1.00•10 -4 M C(NaMSA) = 1.26•10 -4 M pH 3.00 C(Ce), M A C(Ce), M A C(Ce), M A C(Ce), M A 0 0.048 0 0.059 0 0.050 0 0.056 0.002 0.149 0.001 0.221 0.0004 0.170 0.0004 0.267 0.004 0.206 0.002 0.326 0.0008 0.256 0.0010 0.433 0.006 0.272 0.003 0.408 0.0016 0.371 0.0018 0.562 0.008 0.32 0.004 0.464 0.0028 0.491 0.0028 0.649 0.012 0.398 0.005 0.505 0.0044 0.566 0.0040 0.726 0.016 0.451 0.006 0.550 0.0064 0.638 0.0060 0.793 0.020 0.491 0.005 0.612 0.0088 0.698 0.0090 0.851 0.030 0.564 0.012 0.698 0.0120 0.754 0.0140 0.912 0.040 0.625 0.016 0.742 0.0160 0.786 0.2000 0.942 0.020 0.773 Table A28. The absorbance data for Pr-Morin system for 408 nm, C(Morin) = 5.95•10 -5 M pH 2.60 pH 2.80 pH 3.00 C(Pr), M A C(Pr), M A C(Pr), M A 0.0004 0.119 0.0004 0.170 0.0004 0.240 0.0009 0.207 0.0009 0.302 0.0070 0.359 0.0016 0.291 0.0016 0.402 0.0013 0.480 0.0027 0.382 0.0025 0.498 0.0022 0.585 0.0040 0.459 0.0040 0.577 0.0036 0.676 0.0058 0.527 0.0054 0.643 0.0054 0.735 Table A30. The absorbance data for Sm-Morin and Eu-Morin systems for 408 nm, pH = 2.60 Table A38. The absorbance data for Eu-,Sm-,Gd-MSA systems for 408 nm; pH=2.80 pH 2.40 pH 2.60 pH 2.80 Table A35. The absorbance data for La, Ce-MSA systems for 408 nm C(Morein) = 5.85•10 -5 M C(Morein) = 6.64•10 -5 M C(Sm), M A C(Eu), M A 0.001 0.330 0.001 0.295 0.002 0.467 0.002 0.415 0.003 0.560 0.003 0.507 0.004 0.624 0.004 0.578 0.006 0.705 0.006 0.643 0.008 0.767 0.008 0.692 0.012 0.839 0.012 0.769 0.020 0.904 0.018 0.790 0.020 0.813 Table A31. The absorbance data for Gd-Morin system for 408 nm C(Morin)=5.95•10 -5 M C(Morin)=5.85•10 -5 M pH 2.40 pH 2.60 pH 2.80 C(Gd), M A C(Gd), M A C(Gd), M A C(Gd), M A 0.0005 0.201 0.0002 0.165 0.0002 0.228 0.0001 0.234 0.0011 0.326 0.0004 0.249 0.0004 0.343 0.0002 0.340 0.0018 0.427 0.0007 0.327 0.0006 0.455 0.0004 0.475 0.0027 0.517 0.0011 0.421 0.0010 0.572 0.0006 0.587 0.0040 0.595 0.0020 0.541 0.0016 0.668 0.0010 0.689 0.0058 0.675 0.0033 0.653 0.0025 0.752 0.0016 0.765 pH 2.40 pH 2.60 pH 2.80 C(Pr), M A C(Pr), M A C(Pr), M A C(Pr), M 0.0004 0.183 0.0002 0.190 0.0002 0.241 0.0002 0.0007 0.240 0.0004 0.253 0.0004 0.313 0.0004 0.0011 0.311 0.0007 0.334 0.0006 0.413 0.0007 0.0019 0.390 0.0011 0.409 0.0011 0.502 0.0011 0.0031 0.449 0.0019 0.481 0.0019 0.572 0.0019 0.647 0.0142 0.565 0.0043 0.594 0.589 0.0098 0.543 0.0027 0.0032 0.603 0.0063 0.609 0.568 0.517 0.0062 0.503 0.0018 0.0016 0.552 0.0042 0.573 0.532 0.420 0.0040 0.459 0.0011 0.0010 0.505 0.0026 0.520 0.481 0.327 0.0025 0.406 0.0007 0.0060 0.448 0.0016 0.464 0.415 A 0.0015 0.338 0.0004 0.0003 0.363 0.0009 0.383 0.345 pH 3.00 0.0009 0.269 0.0002 0.255 0.0002 0.289 0.0005 0.308 pH 3.00 C(Tb), M A C(Dy), M A 0.0001 0.213 0.0003 0.232 C(Morin)=5.95•10 -5 M C(Yb), M A C(Yb), M A C(Yb), M A Table A33. The absorbance data for Tb, Yb, Tm, Er-Morin systems for 408 nm; C(NaMSA) = 1.11•10 -4 C(NaMSA) = 1.03•10 -4 C(NaMSA) = 1.03•10 -4 M C(NaMSA) = 1.07•10 -4 M 0.0004 0.235 0.0002 0.277 0.0004 0.483 C(Morin) = 5.85•10 -5 M pH 2.20 pH 3.00 pH 2.80 C(Sm), M A C(Eu), M A C(Gd), M A 0.0007 0.311 0.0004 0.375 0.0007 0.573 pH 2.80 C(Tb), M A C(Yb), M A C(Tm), M A C(Er), M C(La), M A C(Ce), M A 0.0003 0.359 0.0003 0.358 0.0002 0.217 0.0012 0.380 0.0007 0.460 0.0012 0.645 A 0.002 0.238 0.0002 0.268 0.0001 0.201 0.0002 0.0001 0.257 0.0002 0,244 0.0006 0.511 0.0006 0.493 0.0004 0.292 0.0021 0.451 0.0012 0.555 0.0021 0.697 0.196 0.004 0.354 0.0004 0.383 0.0003 0.316 0.0003 0.0003 0.373 0.0004 0,326 0.0011 0.615 0.0011 0.610 0.0006 0.371 0.0033 0.504 0.0021 0.622 0.0033 0.728 0.295 0.007 0.428 0.0007 0.488 0.0005 0.408 0.0005 0.382 0.010 0.505 0.0010 0.580 0.0008 0.506 0.0008 0.486 0.014 0.587 0.0017 0.679 0.0013 0.616 0.0015 0.0006 0.487 0.0010 0,484 0.0010 0.554 0.0019 0.0020 0.699 0.0020 0.694 0.0010 0.436 0.0034 0.757 0.0034 0.731 0.0016 0.492 0.0050 0.542 0.0033 0.670 0.0050 0.746 0.0066 0.570 0.0050 0.698 0.0066 bois. 0.761 0,594 0.0015 0.596 0.0033 0,669 0.0052 0.794 0.0052 0.782 0.0025 L'objectif de ce travail est (1) d'établir les compositions, structures et propriétés de différentes 0.536 0.615 0.020 0.639 0.0027 0.772 0.0020 0.706 0.0024 0.711 0.027 0.700 0.0041 0.834 0.0030 0.774 0.0036 0.785 0.036 0.746 0.0062 0.885 0.0044 0.836 0.0049 0.828 0.0083 0.913 0.0060 0.871 0.0065 0.0022 0.637 0.0052 0.0080 0.821 0.0080 0.811 0.0040 0.569 lignines, modifiées par sulfonation par l'acide sulfamique, et par télomerisation avec le 1,3-0,713 0.0034 0.651 0.0080 0,751 0.0120 Table A39. The absorbance data for Tb-,Dy-MSA systems for 408 nm Table A42. The absorbance data for Tm-, Lu-MSA systems for 408 nm C(NaMSA) = 1.07•10 -4 M butadiene, (2) d'établir les compositions, structures et propriétés de xerogels de carbone obtenus C(NaMSA) = 1.11•10 -4 M 0.781 C(NaMSA) = 1.07•10 -4 M pH 2.80 à partir de lignines et de tannins, (3) d'étudier l'interaction entre des flavonoïdes et des ions de pH 2.40 0.865 Table A36. The absorbance data for Pr-NaMSA systems for 408 nm; C(MSA) = 1.11•10 -4 M pH 2.40 pH 2.80 C(Tm), M A C(Lu), M A métaux terres rares.

  Les propriétés thermochimiques des lignines de sapin et tremble ont été étudiées par analyse thermogravimétrique, InfraRouge, microscopie électronique à balayage, et élémentaire. La décomposition thermique sous atmosphère inerte (argon) ou oxydante (air) a été réalisée. Sous argon, le taux maximum de perte de masse pour le tremble est décalé de 22.4 °C vers des températures plus basses par rapport à la lignine de sapin. Ceci indique la plus faible stabilité thermique des structures syringyliques des feuillus comparée aux structures guaiacyles des conifères.

	groupe OH	ppm	Kraft	Tremble	Sapin	Pin	Bouleau
	aliphatique	150 -145	2.27 ±0.03	2.3 ±0.2	2.27 ±0.03	2.53 ±0.17	1.77 ±0.11
	phénolique	144 -136	3.45 ±0.05	2.8 ±0.2	3.45 ±0.05	2.88 ±0.08	3.29 ±0.02
	p-OH	137 -140	2.2 ±0.1	1.02 ±0.04	2.53 ±0.03	2.12 ±0.05	1.085 ±0.015
	phénolique et						
	guaiacyle						
	--5	142 -144	0.22 ±0.01	0.17 ±0.02	0.15 ±0.03	0.11 ±0.01	0.16 ±0.02
	-4-O-5	141 -142	0.43 ±0.03	0.36 ±0.02	0.19 ±0.01	0.164 ±0.005	0.66 ±0.10
	-5-5.	140 -141	0.55 ±0.05	1.3 ±0.1	0.39 ±0.01	0.36 ±0.02	1.3 ±0.1
	guaiacylique	139 -140	0.47 ±0.03	0.18 ±0.01	0.415 ±0.002	0.36 ±0.01	0.22 ±0.03
	catécholique	138 -139	1.2 ±0.1	0.61 ±0.01	1.5 ±0.1	1.6 ±0.1	0.72 ±0.03
	p-OH	138 -137	0.53 ±0.03	0.23 ±0.01	0.44 ±0.04	0.13 ±0.01	0.14 ±0.01
	phénolique						
	carboxylique	133 -136	0.41 ±0.02	0.48 ±0.02	0.33 ±0.01	0.29 ±0.01	0.40 ±0.01
	Total	150 -133	5.75 ±0.15	5.6 ±0.3	6.10 ±0.05	5.70 ±0.23	5.46 ±0.12
	(mmol.g -1 )						
	Les lignines contiennent entre 5.5 .et 6.1 mmol de -OH par gramme de lignine. La quantité
	augmente suivant l'origine : bouleau < tremble < pin < sapin.		

Structure et propriétés de xérogels de carbones préparés à partir de lignines de sapin et de tannins.

  Pour la première fois, une nouvelles source de composés polyphénoliques a été utilisée pour la synthèse de xérogels organiques, comme alternative de tannins de québracho. L'influence des conditions de condensation sol-gel entre le formaldéhyde, les tannins et la lignine, sur la structure et les propriétés a été établie. L'impact de la quantité de lignine sur la densité et la porosité des gels organiques synthétisés à partir de mélanges de formaldéhyde et tannins a montré que un accroissement de la quantité de lignine dans le mélange de 50 wt% réduit la densité apparente du gel de 0.65 à 0.11 g.cm -3 . L'analyse de la surface spécifique par BET indique qu'un accroissement du pH du mélange réactionnel contribue au développement d'une porosité dans le xérogel organique. La densité de masse et la porosité peuvent être controllées en ajustant les rapports de lignine/tannins entre 0.2 et 2.0.Les carbones issus de lignine-tannins-formaldéhyde sont obtenus par carbonisation à 900 °C des xérogels organiques. Le rapport lignine/tannins est le paramètre influencant le plus les caractéristiques, comme la densité apparente, la surface spécifique et le volume de pores. Des densités de l'ordre 0.60 ont été obtenues avec des surface spécifiques de l'ordre de 540 m 2 .g -1 pour un rapport de 1:2.

  1 de lignine. Il a été par ailleurs montré que la stabilité thermique des lignines issues de conifères est supérieure à celles issues de feuillus. Une nouvelle méthode de sulfonation a été mise en oeuvre à partir de solutions aqueuses d'acide sulfamique et d'urée, permettant l'introduction jusqu'à 7 wt% de fonctions sulfoniques par réaction des groupes hydroxyle aliphatique. Patr contre il n'a pa été prouvé formellement l'efficacité de la réaction de télomérisation avec le 1,3butadiène sur les groupes hydroxyle. Des carbones poreux ont été préparés à partir de gels obtenus par condensation de tannins et de lignine en présence de formadéhyde. Ces gels se sont révélés non-inflammable et peuvent potentiellement servir de retardateurs de flammes. Quant aux carbones aux propriétés contrôllées, ils peuvent être utilisés comme support de catalyseurs métalliques, d'adsorbants ou de matériaux isolants. Enfin, en étude complémentaire sur l'utilisation de bois, la complexation de flavonoïdes par des métaux terres rares a été possible, pour des applications d'absorption de métaux.

	Федеральный исследовательский центр Общая характеристика работы Цель работы заключалась в установлении состава, строения и свойств этаноллигнина пихты, основанный на использовании нетоксичной -Результаты изучения нового процесса сульфатирования этаноллигнина пихты Во второй главе описываются экспериментальные и теоретические
	«Красноярский научный центр Сибирского отделения Российской академии наук» Институт химии и химической технологии Сибирского отделения Российской академии наук Лионский институт исследований катализа и окружающей среды Лутошкин Максим Александрович Состав, строение и свойства новых функциональных материалов и металлокомплексов, полученных на основе полифенолов растительной биомассы АВТОРЕФЕРАТ диссертации на соискание ученой степени кандидата химических наук Красноярск -Лион этаноллигнинов хвойной и лиственной древесины, модифицированных путем сульфаминовой кислоты в качестве сульфатирующего агента. Методом 2Д нетоксичной сульфаминовой кислотой и физико-химического исследования методы, использованные в настоящем исследовании, представлены данные об Актуальность и степень разработанности темы. сульфатирования сульфаминовой кислотой и каталитической теломеризацией ЯМР 1 Н и 13 С установлено, что при оптимальных условиях синтеза строения сульфатированных этаноллигнинов; используемых материалах. Растительная биомасса является перспективным возобновляемым 1,3-бутадиеном, органических и углеродных ксерогелей на основе сульфаминовая кислота преимущественно реагирует со спиртовыми группами -Результаты исследования состава, термической устойчивости и морфологии Этаноллигнины хвойной (пихта, сосна) и лиственной (осина и береза) сырьем для получения широкого спектра ценных органических веществ. К этаноллигнинов и таннинов пихты, а также в изучении процессов этаноллигнина. По данным метода ГПХ сульфатированный этаноллигнин этаноллигнинов, модифицированных путем каталитической теломеризации с древесины выделяли путем обработки древесины 60% этанолом в автоклаве основным полимерным компонентам лигноцеллюлозной биомассы относятся взаимодействия флавоноидов с ионами редкоземельных металлов. имеет более высокую молекулярную массу и пониженную степень 1,3-бутадиеном; при температуре 180 ˚С. Выход этаноллигнина составил 30-32 мас. % от целлюлоза, лигнин и гемицеллюлозы. Целлюлоза и гемицеллюлозы являются Для достижения этой цели решались следующие задачи: полидисперсности по сравнению с исходным этаноллигнином. Впервые -Результаты изучения состава и строения органических и углеродных исходного содержания лигнина в древесине. Сульфатирование этаноллигнина растительными полисахаридами, лигнин -аморфным полимером ароматической природы, структура которого -Установить состав, строение и термохимические свойства этаноллигнинов показана возможность химической модификации этаноллигнинов путем ксерогелей, полученными новыми методами из этаноллигнина и таннинов осуществляли сульфаминовой кислотой в 1,4-диоксане в присутствии сформирована древесины сосны, пихты, осины и березы с использованием физико-каталитической теломеризации с 1,3-бутадиеном. Разработан новый метод пихты; мочевины при различных соотношениях этаноллигнин/сульфаминовая фенилпропановыми фрагментами. В традиционных процессах химической химических методов 31 P-ЯМР, ТГ/ДТГ, СЭМ, элементного анализа; получения пористых органических и углеродных ксерогелей на основе -Массив данных констант устойчивости комплексов флавоноидов с ионами кислота/мочевина переработки древесной биомассы, осуществляемых на целлюлозно-бумажных -Разработать новый метод синтеза сульфатированных этаноллигнинов пихты, этаноллигнина и таннинов пихты, охарактеризована их текстура и строение. редкоземельных металлов в водных растворах; Модификацию этаноллигнинов путем каталитической теломеризации с и гидролизных производствах, перерабатывается только целлюлозная с использованием нетоксичной сульфаминовой кислоты в качестве Установлена возможность регулирования в широких пределах плотности и Публикации. По материалам диссертации опубликовано 8 статей в 1,3-бутадиеном осуществляли в водно-щелочной среде при температуре от 70 составляющая биомассы, а лигнин остается в виде трудноутилизируемых сульфатирующего агента, и охарактеризовать их методами ИКС, ЯМР, ГПХ и пористости ксерогелей путем вариации соотношения танин/этаноллигнин в журналах, рекомендованных перечнем ВАК. до 90 ˚С с использованием в качестве катализатора комплекса диацетата отходов, загрязняющих окружающую среду. В настоящее время отсутствуют элементного анализа; исходной смеси. Определены константы устойчивости комплексов различных палладия(II) с натриевой солью трисульфата трифенилфосфина. эффективные технологии переработки лигнина, образующегося в -Установить возможность химической модификации этаноллигнинов с флавоноидов и их производных с ионами редкоземельных металлов в водном Для получения органических и углеродных ксерогелей использовали значительных количествах в качестве отходов целлюлозно-бумажных и использованием метода каталитической теломеризации с 1,3-бутадиеном и растворе. полифенольные соединения -таннины и этаноллигнин пихты. Таннины были гидролизных производств. Этим обусловлена высокая актуальность охарактеризовать продукты теломеризации методами 31 P-ЯМР и СЭМ; Практическая значимость работы. Полученные результаты могут извлечены из коры пихты этанолом после её предварительного исследований при создании новых высокотехнологичных методов -Разработать новые методы получения пористых органических и углеродных быть использованы для разработки новых методов получения обессмоливания диэтиловым эфиром. Приготовление органических таннин-переработки лигнина в востребованные материалы и установление их физико-ксерогелей на основе этаноллигнина и таннинов пихты, охарактеризовать их функциональных биополимеров на основе сульфатированных древесных формальдегидных (ТФ) и таннин-лигнин-формальдегидных (ТЛФ) ксерогелей химических характеристик. методами ИКС, СЭМ, БЭТ; лигнинов, а также пористых органических и углеродных гелей из древесных ОСНОВНОЕ СОДЕРЖАНИЕ РАБОТЫ осуществляли путем смешивания растворенных в этаноле полифенольных Растительная биомасса, наряду с полимерными компонентами, -Определить равновесные термодинамические и спектральные полифенолов, применяемых в качестве сорбирующих и изоляционных Во введении приведен краткий обзор научной проблемы, веществ с 37% водным раствором формальдегида при комнатной температуре. содержит ценные низкомолекулярные соединения, в частности, флавоноиды, характеристики комплексов кверцетина, морина и их производных с материалов, средств адресной доставки лекарств и других областях. рассматриваемой в диссертации, обоснована актуальность исследования, Равновесные константы реакций комплексообразования флавоноидов с которые играют важную роль в метаболизме растений. Характерной редкоземельными металлами. Полученные термодинамические данные о комплексах флавоноидов и описываются поставленные цели и задачи, обосновывается научная новизна и ионами редкоземельных металлов исследовали спектрофотометрическим особенностью этих соединений является их способность образовывать Научная новизна. Методом 31 P-ЯМР впервые установлено содержание редкоземельных металлах могут быть использованы для селективного актуальность полученных результатов. методом, подбирая модель взаимодействия через нахождение глобального устойчивые хелаты с ионами редкоземельных металлов. Однако, детально производств по переработке древесного сырья. лиственной древесины. Разработан новый метод синтеза сульфатированного лиственной (береза, осина) древесины. востребованных продуктов и увеличить экономическую эффективность устойчива чем сирингильная структура, преобладающая в этаноллигнине термохимических свойств этаноллигнинов хвойной (сосна, пихта) и лигнинов и флавоноидов позволит расширить ассортимент получаемых гваяцильная структура этаноллигнина хвойной древесины термически более -Результаты физико-химического исследования состава, строения и описаны структура, состав и методы получения и модификации лигнинов. изучены. Разработка новых подходов к эффективному использованию пихты, березы и осины. С использованием метода ТГ/ДТГ показано, что На защиту выносятся: исследований по переработке лигнинов в ценные химические продукты, процессы взаимодействия флавоноидов с редкоземельными металлами не и характер распределения гидроксильных групп в этаноллигнинах сосны, разделения и концентрирования последних. В первой главе приведен литературный обзор современного состояния минимума:

Объем и структура диссертации. Диссертация состоит из введения, литературного обзора, экспериментальной части, результатов и обсуждения, выводов, списка литературы и приложения. Работа изложена на 129 страницах и включает 31 рисунок, 8 схем и 31 таблицу, 1 приложение, библиография насчитывает 108 наименований.

Таблица 1 -

 1 Распределение ОН-групп в исследуемых лигнинах (ммоль/г)

	микронного размера, через которые, вероятно, осуществлялось выделение
	газообразных веществ. Дальнейшее повышение температуры приводит к
	Тип ОН-групп более существенным изменениям морфологии поверхности этаноллигнина. Крафт Пихтовый Сосновый Осиновый Березовый
	Алифатические 2,27±0,03 2,27±0,03	2,53±0,17	2,3 ± 0,2	1,77±0,11
	Фенольные-OH 3,45±0,05 3,45±0,05	2,88±0,08	2,8 ±0,2	3,29±0,02
	para-OH-					
	фенольные и	2,2±0,1 2,53 ± 0,03 2,12±0,05	1,02±0,04 1,085±0,015
	гваяцильные					
	C5 замещенные, включая:	1,3±0,1 0,81 ± 0,02 0,74±0,02	1,9±0,1	2,18±0,02
	-β-5	0,22±0,01 0,15±0,03	0,11±0,01	0,17±0,02	0,16±0,02
	-4-O-5	0,43±0,03 0,19±0,01 0,164±0,005 0,36±0,02	0,66±0,10
	-5-5.	0,55±0,05 0,39±0,01	0,36±0,02	1,3±0,1	1,3±0,1
	Гваяцильыне	0,47±0,03 0,415±0,002 0,36±0,01	0,18±0,01	0,22±0,03
	Катехильные	1,2±0,1	1,5±0,1	1,6±0,1	0,61±0,01	0,72±0,03
	Пара-гидрокси-фенольные	0,53±0,03 0,44±0,04	0,13±0,01	0,23±0,01	0,14±0,01
	Карбоксильные 0,4±0,02	0,33±0,01	0,29±0,01	0,48±0,02	0,40±0,01
	Суммарно	5,75±0,15 6,10±0,05	5,70±0,23	5,6±0,3	5,46 ± 0,12
	Методом ТГ/ ДТГ изучены особенности термического разложения
	этаноллигнинов хвойной (пихта) и лиственной (осина) древесины в инертной
	(аргон) и окислительной (воздух) средах. В инертной среде максимум
	скорости убыли массы на основной стадии термического разложения
	этаноллигнина осины сдвинут на 22,4 °C в сторону меньших температур по
	сравнению с этаноллигнином пихты, а в окислительной среде -на 13°C. Это
	свидетельствует о меньшей термической устойчивости сирингильных
	структур лиственного лигнина по сравнению с гваяцильными структурами
	хвойного лигнина.				
	При изучении морфологии образцов этаноллигнинов методом
	сканирующей электронной микроскопии (СЭМ) установлено, что при
	температуре, около 200 °C происходит размягчение и плавление лигнина. При
	этом шероховатые поверхности отдельных частиц исходного лигнина
	превращались в единую пластичную массу с образованием полостей

Таблица 2 -

 2 Соответствие 1 H-13 C сигналов в HSQC-спектрах образцов

	исходного и сульфатированного этаноллигнина пихты	
		δ 1 Н / δ 13 С	δ 1 Н / δ 13 С
	Фрагменты	лигнин ,	сульфатированный
		ppm	лигнин , ppm
	(СН)2 в гваяцильных фрагментах (G 2 )	6,90/111,0 7,0/111,1 0
	(СН)5 в гваяцильных фрагментах G 5	6,70/115,9 6,70/115,8
	(СН)6 в гваяцильных фрагментах G 6	6,76/119,2 6,77/119,1
	СН α в пинорезинольных фрагментах (Dα) 4,61/85,3	4,56/83,8
	СН β в пинорезинольных фрагментах (D β ) 3,06/54,3	3,20/54,8
	СН 2 γ в пинорезинольных фрагментах	4,14,	4,12, 3,82/ 70,1
	(Dγ)	3,89/71,8	
	СНα в фенольных кумариновых	5,45/87,8	5,54/87,9
	фрагментов (Сα)		
	СН β в фенольных кумариновых	3,61/52,2	3,70/51,6
	фрагментов (С β )		
	СН 2 γ в фенольных кумариновых	3,66/63,5	4,04/67,5
	фрагментов (Сγ)		
	СНα в β-арил-эфирных фрагментах (β-О-	4,77/71,5	3,44/73,2
	4) (А α )		
	СНβ в β-арил-эфирных фрагментах (β-О-	4,30/84,2	4,59/80,5
	4) (А β )		
	СН 2 γ в β-арил-эфирных фрагментах (β-О-	3,50/60,9	4,02/67,3
	4) (А γ )		
	СН 2 γ в кониферильных спиртовых	4,09/61,9	3,33/64,6
	фрагментов (В γ )		
	По сравнению с исходным этаноллигнином пихты сульфатированный
	этаноллигнин имеет более высокую молекулярную массу и меньшую
	полидисперсность.		

  По данным метода БЭТ наиболее высокой удельной поверхностью (538 м 2 /г) отличается углеродный ТЛФ-гель, полученный при отношении Т/Л, равном 1:2. Строение углеродных ТФ и ТЛФ гелей изучено методом сканирующей электронной микроскопии (Рисунок 6).

	Таблица 4 -Выход и некоторые характеристики углеродных ТФ и ТЛФ
	гелей					
	Отношения таннины: лигнин	1:0	1:0,2	1:0,5	1:1	1:2
	Выход углеродного геля, % мас.	42,2	43,0	47,5	45,2	41,8
	ρ, г/см 3	0,52	0,59	0,60	0,20	0,13
	S БЭТ , м 2 /г	483	431	290	457	536
	V пор , г/см 3	0,24	0,22	0,15	0,23	0,26
	Установлено, что размер первичных глобулярных частиц оказывает

3 

.

density of ρtrue ≈ 1.41 g/cm 3 ) of organic gels [START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF][START_REF] Grishechko | Lignin-phenol-formaldehyde aerogels and cryogels / L[END_REF]. Based on the above assumptions, the formula W = 1 -(ρapp/ρtrue) was used in the calculation. The results obtained showed that the ranges of the apparent density and total porosity of the synthesized organic gels are fairly wide, as in the case of the gels produced using other phenolic sources. In particular, the apparent density ranges from 0.04 to 1.0 g/ cm3 for the resorcinol-formaldehyde organic gels [START_REF] Tao | A Review of Synthesis and Nanopore Structures of Organic Polymer Aerogels and Carbon Aerogels[END_REF] and from 0.29 to 1.17 g/cm3 for the phenol-formaldehyde ones [START_REF] Castro | Mixture design approach on the physical properties of lignin-resorcinolformaldehyde xerogels[END_REF]. The phenol-and furfural-based organic aerogels prepared by two-stage gelation (first with NaOH and then with HCl) had an apparent density of ρapp = 0.16-0.43 g/cm 3 [START_REF] Chen | Preparation and characterization of organic aerogels from a lignin-resorcinolformaldehyde copolymer / F[END_REF]. The apparent density of the organic gels obtained at the doubled ratio in a mixture of formaldehyde with birch bark fiber polyflavanoids ranged from 0.44 to 0.51 g/cm 3 [START_REF] Mikova | Polyphenols of wood bark: organic precursors for the production of polymer aerogels[END_REF]. The TF organic gels have an apparent density of 0.2-0.5 g/cm 3 [START_REF] Amaral-Labat | Tannin-based xerogels with distinctive porous structures[END_REF].

It is noteworthy that an increase in the lignin content in the initial mixture by less than 50 wt % barely affects the density and porosity of the gels as compared with the values for the TF gel; all the samples remain dense and brittle. However, a further increase in the lignin content to 50-80% leads to a significant (by a factor of 2.2-6) decrease in the density and the almost twofold growth of the total gel porosity. At a lignin content of 50%, the app value of the sample is minimum (0.11 g/cm 3 ). The TLF gel samples with a high ethanol lignin content are loose, light, and flexible. They retain their initial shape during drying and are stable against the shrinkage and compression. However, their mechanical strength is insufficient. At a significant lignin content (80 wt %) in the initial mixture, the gel yield is extremely low. A gel does not form from the ethanol lignin-formaldehyde mixture, but the addition of even a minor amount of tannins (20 wt %) is sufficient to form a gel.

volume) can be controlled by varying the ratio tannin/lignin. Carbon gels can be used as sorbents, catalysts supports and insulating materials.

5.

The stability constants of complexes of various flavonoids with ions of rare earth metals (La 3+ , Ce 3+ , Pr 3+ , Nd 3+ , Sm 3+ , Eu 3+ , Gd 3+ , Tb 3+ , Dy 3+ , Er 3+ , Tm 3+ , Yb 3+ , Lu 3+ ) in an aqueous medium at various ionic strength and pH were determined . The dominance of the electrostatic interaction in metal-flavonoid bond has been established. Based on DFT calculations, the most probable structures of the formed complexes were proposed.