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Dear Colleagues, 

 

It is our pleasure to extend a very warm welcome to the honorable scientists  

and young researchers participating in the  4-th International conference 

“Advances in Synthesis and Complexing” (RUDN University, Moscow, Russia). 

This   series   of   conferences   has   attracted   many   leading   scientists.  

The  4-th International conference  “Advances in Synthesis and 

Complexing” is dedicated to the memory of  Prof. N.S. Prostakov and addresses 

the following research topics 

- Modern problems of organic chemistry. New methods in organic 

synthesis, synthesis and properties of heterocyclic compounds, multi-

component and domino reactions, stereochemistry of organic compounds, 

chemistry of macrocyclic compounds, biologically active compounds, 

chemistry of natural products. 

- Heterogenic and homogenic catalysis. Physico-chemical methods of 

investigation, quantum-chemical calculations. 

- Modern problems of  inorganic chemistry. Complexing of metals 

with polyfunctional N,O,S-containing ligands, physico-chemical 

investigations of inorganic and coordination compounds and new 

materials, solidphase synthesis. X-RAY analysis. 

This conference is a platform for promoting cooperation between scientists 

sharing  scientific interests in organic, inorganic and physical chemistry as well as 

interdisciplinary research in this field.  

We are most grateful to all the scientists who have travelled from all corners 

of  the world to Moscow. 

We  hope  that  you  will  find  your participation  in  the  4-th International 

conference  “Advances in Synthesis and Complexing” intellectually stimulating 

and socially enjoyable. 

 

 

Chair of  the organizing committee                  

 Prof. Dr. Leonid G. Voskressensky    
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AeroNanoToxicology project 
 

Matveeva M.D., Voskressensky L.G., Sablin V.V., Slavyansky V.M. 

 

Peoples’ Friendship University of Russia, 117198, Moscow, Miklukho-Maklaya str. 6 

Vyatka State University, 610000, Kirov, Kirovskaya oblast', Moskovskaya ul., 36 

e-mail: nauka@alphananotech.com 

 

In the 21st century - nanotechnology is seen as one of the key technologies. The previous 

industrial revolution has taught us that rapid technological change impacts on society in a variety 

of ways. Nanotechnology offers on the one hand various new properties and opportunities and on 

the other hand - brings new risks and uncertainties.  

Sources of nanoparticles can be classified as natural or intentional and unintentional 

anthropogenic activities. Major natural processes that release nanoparticles in the atmosphere are 

forest fires, volcanic activities, weathering, formation from clay minerals, soil erosion by wind 

and water, or dust storms from desert. Man-made nanoparticles are released in the environment 

during various industrial and mechanical processes. The unfiltered exhaust gases from diesel 

engines contain large quantities of potentially harmful nanoparticles from the incomplete 

combustion of fuel. In the fireplace at home, fullerenes like buckyballs or buckytubes are formed 

when wood is burned. In industrial processes, coal, oil, and gas boilers release tons of 

nanoparticles unintentionally. 

 

 

 
 

 

"AeroNanoToxicology" is a project which is intended to develop and introduce new 

cost-effective physical principles in large-scale production of the control devices and the use of 

nanoecology in the residential, office, laboratory and production facilities. The cooperation of 

the Peoples' Friendship University of Russia and the Vyatka State University has led to the 

elaborating of a new approach for determining the level of potential danger of nanoobjects using 

“Atmospheric modeling complex”.  

 

mailto:nauka@alphananotech.com
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Fragment-based approach to the optimization of glycosidic inhibitors of blood 

coagulation proteases: deconstruction, superadditivity, and selectivity 
 

Altomare C.D.,
1
 de Candia M.,

1
 Zaetta G.,

1
 Cellamare S.,

1
 Belviso B.D.,

2
 Caliandro R.

2
 

 
1
Department of Pharmacy-Drug Sciences, University of Bari Aldo Moro, Via E. Orabona 4, 

70125 Bari, Italy; 
2
Institute of Crystallography, Consiglio Nazionale delle Ricerche, Via 

Amendola 122/o, 70126, Bari, Italy 

e-mail: cosimodamiano.altomare@uniba.it 

 

The principle of thermodynamic additivity does not fully apply in complex noncovalent 

systems, in which the energetics of individual components are not truly independent of each 

other. Molecular recognition in protein-ligand complexes predominantly occurs through multiple 

noncovalent interactions, and often ΔG of linked fragments is significantly greater than the sum 

of ΔG increments from each fragment (‘superadditivity’ or synergy). 

Here we explore ΔG additivity in a fragment-based study of inhibitors of factor Xa (fXa) 

and thrombin (fIIa), two well-characterized anticoagulant targets. Recently, we reported the β-D-

glucose-containing compound 2 as highly potent inhibitor of fXa (Ki = 0.090 nM) and fIIa (Ki = 

100 nM), with good anticoagulant and profibrinolytic activities [1,2]. As seen previously for fXa, 

the chlorothiophene moiety (red) is essential for binding. Removing the glucose moiety (green) 

reduced affinity for fXa by less than ten-fold and for fIIa by more than two orders of magnitude, 

whereas removing the piperidine moiety (blue) reduced affinity to fXa by several orders of 

magnitude. Experimental deconstruction of 2 into smaller fragments revealed a binding 

cooperativity of the piperidine and propylene-linked β-D-glucose fragments, stronger in fIIa 

(15.5 kJ∙mol
-1

) than in fXa (2.8 kJ∙mol
-1

). 

 
The crystal structure of 2 bound to fIIa revealed several hydrogen bond interactions 

between the glucose moiety and basic residues (R221a and K224) implicated in allosteric 

activation of the protease. In order to extend the exploration of the SARs, the glucose moiety and 

the piperidine group were modified. A fragment screening through surface plasmon resonance 

(SPR) and docking calculations provided information useful for designing and optimizing new 

inhibitors of blood coagulation proteases. 

 

References 
[1]. Lopopolo, G.; de Candia, M.; Panza, L.; Romano, M.R.; Lograno, M.D.; Campagna, F.: 

Altomare, C. ChemMedChem 2012, 7, 1669. 

[2]. Belviso, B.D.; Caliandro, R.; de Candia, M.; Zaetta, G.; Lopopolo, G.; Incampo, F.; Colucci, 

M.; Altomare, C. J. Med. Chem. 2014, 57, 8563.  
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Dynamic phenomena in catalytic transformations: influence on efficiency and 

selectivity 
 

Ananikov V. P. 

 

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninsky Prospekt 47, 

Moscow, 119991, Russia; http://AnanikovLab.ru;  

e-mail: val@ioc.ac.ru 

 

Catalysis is a tremendously developing area of modern chemistry with fascinating recent 

achievements and conceptual progress (Figure 1) [1]. 

 

 
 

Figure 1. Different “waves” in the development of catalytic reactions [1]. 

 

Dynamic behavior of catalytic systems (Figure 2), influence on activity and selectivity, 

ecological profiles and application in sustainable development will be presented and discussed 

based on our recent findings [1-4]. 

 

Figure 2. Catalyst dynamics in solution and on the surface of supported systems. 

References 
[1]. Eremin D.B., Ananikov V. P., Coord. Chem. Rev., 2017, doi: 10.1016/j.ccr.2016.12.021. 

[2]. Egorova K.S., Ananikov V. P., Angew. Chem. Int. Ed., 2016, 55, 12150, doi: 

10.1002/anie.201603777. 

[3]. Galkin K.I., Krivodaeva E.A., Romashov L.V., Zalesskiy S.S., Kachala V.V., Burykina J.V., 

Ananikov V. P., Angew. Chem. Int. Ed., 2016, 55, 8338, doi: 10.1002/anie.201602883. 

[4]. Kashin A.S., Galkin K.I., Khokhlova E.A., Ananikov V. P., Angew. Chem. Int. Ed., 2016, 55, 

2161, doi: 10.1002/anie.201510090.  
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Advances in heterocycle synthesis 
 

Antonchick A.P.  

 

Max-Planck-Institut für Molekulare Physiologie, Otto-Hahn-Strasse 11, 44227 Dortmund, 

Germany 

Technische Universität Dortmund, Otto-Hahn-Strasse 4a, 44227 Dortmund, Germany 

e-mail: andrey.antonchick@mpi-dortmund.mpg.de  

 

Heterocyclic compounds constitute the majority of organic compounds. Nitrogen-

containing heterocycles are present in many natural compounds, biological probes, chemicals 

and materials. However, the chemical space which can be occupied by relatively simple bicyclic 

heteroaromatic compounds has not been fully explored and hundreds of novel molecules still 

remain to be synthesized. A considerable amount of novel ring systems successfully enter drug 

space annually. Therefore, the development of novel efficient methods of heterocycle synthesis is 

highly desired and represents a field of intense investigations.  

This lecture is dedicated to recent developments in synthesis and functionalization of 

heterocycles.
[1-9]

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 
[1]. Manna S., Antonchick A. P., Angew. Chem., Int. Ed. 2014, 53, 7324.  

[2]. Manna S., Matcha K., Antonchick A. P., Angew. Chem., Int. Ed. 2014, 53, 8163.  

[3]. Matcha K., Antonchick A. P., Angew. Chem., Int. Ed. 2014, 53, 11960. 

[4]. Manna S., Narayan R., Golz C., Strohmann C., Antonchick A. P. Chem. Commun., 2015, 51, 

6119. 

[5]. Manna S., Antonchick A. P. Angew. Chem., Int. Ed. 2015, 54, 14845. 

[6]. Bering L., Antonchick A. P. Org. Lett., 2015, 17, 3134. 

[7]. Manna S., Antonchick A. P. Org. Lett., 2015, 17, 4300. 

[8]. Manna S., Serebrennikova P.O., Utepova I.A., Antonchick A.P., Chupakhin O.N. Org. Lett., 

2015, 17, 4588. 

[9]. Caporaso R., Manna S., Zinken S., Kochnev A.R.,Lukyanenko E.R., Kurkin A.V., 

Antonchick A. P. Chem. Commun., 2016, 52, 12486. 
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Natural products: an opportunity for discovery 
 

Jef K. De Brabander  

 

Department of Biochemistry and Harold C. Simmons Comprehensive Cancer Center, The 

University of Texas Southwestern Medical Center at Dallas, Dallas, TX 75390-9038, USA.  

e-mail: jef.debrabander@utsouthwestern.edu 

 

Our laboratory focuses on the synthesis of complex molecular architectures, including 

both designed and naturally occurring substances with novel structural features and interesting 

biological function. To facilitate the execution of efficient and practical syntheses, we also 

develop novel methodology relevant to medicinal chemistry and complex natural products 

synthesis. We take advantage of the collaborative, multi-disciplinary research environment at 

UTSW, and have significantly fortified our chemistry program with molecular pharmacology, 

biochemistry, and discovery biology. 

I will present our rationale for the development of novel methodology relevant to the 

synthesis of natural products, medicinal chemistry, and ligand design. We developed gold and 

platinum catalyzed reactions that enable the synthesis of novel oxazole-based dipeptide 

mimetics, spiroketals, morpholines, dioxanes, and other heterocycles. I will provide examples 

related to the synthesis of various complex polyketide natural products. Our practical synthetic 

solutions to natural products have enabled us to access analog collections for meaningful 

structure-function and mode-of-action studies to investigate their biological effects in vitro and 

in vivo, and for optimization of potency and pharmacological properties.  
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Development of novel C–H functionalization methodologies 
 

Vladimir N. Gevorgyan 

 

University of Illinois at Chicago, USA 

e-mail: vlad@uic.edu 

 

 

 

We have developed a set of new transition metal-catalyzed C-H functionalization 

methodologies employing a silicon-tether motif.  These methods feature: (a) use of silyl group as 

a tether between a substrate and a reagent, thus transforming intermolecular reaction into 

intramolecular reaction; (b) employment of a silicon-tethered directing group, which is traceless 

or easily convertable into valuable functionalities; (c) use of silyl-tethered hydrosilane reagent; 

and (d) introduction of new N/Si-chelation concept that allows for a remote activation of 

aliphatic C-H bonds.  
 The scope of these transformations will be demonstrated and the mechanisms will be 

discussed. 
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Mechanochemistry : a powerful sustainable approach 

in organic and organometallic synthesis 
 

Lamaty F.  

 

Institut des Biomolécules Max Mousseron, UMR 5247 CNRS-Université de Montpellier-ENSCM, 

Green Chemistry and Enabling Technologies Team, Place Eugène Bataillon, 34095 Montpellier 

Cedex 5, France 

e-mail: frederic.lamaty@umontpellier.fr 

 

A major concern for the development of a sustainable chemical synthesis is the use of 

organic solvents. These solvents are very often toxic and volatile, the halogenated ones creating 

major damages to the environment. One of the solutions so far has been to treat and recycle the 

solvents or to use them as fuel after employing them in a chemical process. A major research 

effort is now being made to find alternatives to the use of these organic solvents. The challenging 

approach that we have chosen is to develop organic reactions in the absence of solvent by 

mechanochemistry. 

Mechanochemical activation can be a useful tool for solvent-free organic synthesis. 

Designed at the beginning for crushing inorganic matter, apparatus such as ball-mills proved 

their efficacy in some organic chemistry reactions and can be applied on an industrial scale. We 

have shown that this kind of activation is applicable to the synthesis of important organic 

molecules, including amino acid derivatives
 
and peptides [1]. In the last years, we have 

developed this methodology and applied it to peptides such as aspartame or enkephalin or 

heterocycles such as hydantoins [2]. More recently, in connection with other projects dedicated 

to green chemistry in our group, we have investigated mechanochemistry in palladium-catalyzed 

reactions and in the preparation of organometallic complexes [3]. We have shown that 

mechanochemistry is a sustainable synthetic method avoiding the use of solvents but also a very 

powerful approach to prepare unprecedented structures. 

 
This work was supported by the CNRS and the University of Montpellier. 

 

References 
 

[1]. a. T.-X. Métro, E. Colacino, J. Martinez, F. Lamaty « Amino acids and Peptides in Ball-

milling» in  Ball Milling Towards Green Synthesis: Applications, Projects, Challenges RSC 

Green Chemistry Series 2015 p. 114-150. b. Declerck, V. ; Nun, P.;  Martinez, J.;  Lamaty, F. 

Angew. Chem. Int. Ed. 2009, 48, 9318-9321. c. Bonnamour, J.; Métro, T.-X.; Martinez, J.; 

Lamaty, F. Green Chem. 2013, 15, 1116-1120. d. Métro, T.-X.; Bonnamour, J.; Reidon, T.; 

Duprez, A.; Sarpoulet, J.; Martinez, J.; Lamaty, F. Chem. Eur. J. 2015, 21, 12787-12796. e. V. 

Porte, M. Thioloy, T. Pigoux, T.-X. Métro, J. Martinez, F. Lamaty Eur. J. Org. Chem. 2016, 

3505-3508 

[2]. a. L. Konnert,  B. Reneaud, R. Marcia de Figuereido, J.-M. Campagne, F. Lamaty, J. 

Martinez, E. Colacino, J. Org. Chem. 2014, 79, 10132-10142. b. Konnert, L.; Gonnet, L.; 

Halasz, I.; Suppo, J.-S.; Marcia de Figuereido, R.; Campagne, J.-M.; Lamaty, F.; Martinez, J.; 

Colacino, E. J. Org. Chem. 2016, 81,  9802-9809. 

[3]. a. V. Declerck, E. Colacino, X. Bantreil, J. Martinez, F. Lamaty, Chem. Commun. 2012, 48, 

11778–11780. b. Beillard, A.; Golliard, E.; Gillet, V.; Bantreil, X.; Métro, T.-X.; Martinez, J.; 

Lamaty, F. Chem. Eur. J. 2015, 21, 17614-17617 c. Beillard, A.; Bantreil, X.; Métro, T.-X.; 

Martinez, J.; Lamaty, F. Dalton Trans. 2016, 45, 17859-17866. d. Beillard, A.; Bantreil, X.; 

Métro, T.-X.; Martinez, J.; Lamaty, F. Chem. Sci. 2017, in print DOI : 10.1039/C6SC03182J.  
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Catalytic stereoselective formation of C-C and C-N bonds in target-oriented 

synthesis. 
 

Laura Villar,
b 

Orlov N.,
a
 Kondratyev N.,

a
 José L. Vicario,

b
 Malkov A.V. *

,a,c
 

 
a
Department of Chemistry, Loughborough University, Loughborough, Leics, LE11 3TU, UK 
b
Department of Organic Chemistry II, Faculty of Science of Technology, University of the 

Basque Country (UPV/EHU), P.O. Box 644, 48080 Bilbao, Spain. 
c
Department of Organic Chemistry, RUDN, Moscow 117198, Russia 

 

Chiral amines are powerful pharmacophore groups due to their favourable physico-

chemical properties that include inherent capability of hydrogen bonding and a wealth of 

relevant, well-understood structural information. Homochiral amines and their derivatives belong 

to the class of strategic building blocks for pharmaceutical, agrochemical and fine chemical 

development.
1
  

 
Herein, we present a novel solution to attaining high stereoselectivity in the allylation of 

imines with secondary allylboronates (Scheme). The method is based on our recently developed 

kinetic resolution of chiral racemic allylboronates (±)-1,
2
 which are readily synthesised from 

simple precursors.
3,4

 Conditions of the kinetic resolution catalysed by chiral Brønsted acid TRIP 

were optimised to afford highly enantioenriched boronates (S)-1. DFT calculations at TPSSh/cc-

pvtz//B3LYP/6-31g(d,p) level of theory were performed on the system to elucidate the origin of 

the stereodifferentiation.
2
 In developing allylation of imines 3 with allylboronates (S)-1, it was 

important to ensure that the reaction is stereoselective, i.e. that chirality of the reagent is 

efficiently transferred into the product and that its selectivity is controlled with respect to the 

alkene geometry to give either 4 or 5. In the case of aldehydes, the factors governing 

stereoselectivity of this process are reasonably well understood. In imines, substitution on the 

nitrogen brings an additional element of complexity – the steric size of the substituent. 

Therefore, the method is focused on the allylation of the in situ generated NH imines 3 (R
2
 = 

H),
5
 where the steric arrangement of the transition state should resemble that of aldehydes. 

Details of the development of stereoselective addition of (S)-1 to imines to furnish selectively 

(S,Z)-5 will be presented. 

 

References: 

[1]. T. Nugent, in Process Chemistry in the Pharmaceutical Industry, Volume 2, CRC Press, 

2007, pp. 137–156. 

[2]. C. A. Incerti-Pradillos, M. A. Kabeshov, A.V. Malkov, Angew. Chem. Int. Ed. 2013, 52, 

5338–5341. 

[3]. M. W. Andersen, B. Hildebrandt, G. Köster, R. W. Hoffmann, Chem. Ber., 1989, 122, 1777–

1782.  

[4]. W. Clary, T. J. Rettenmaier, R. Snelling, W. Bryks, J. Banwell, W. T. Wipke, B. Singaram, J. 

Org. Chem., 2011, 76, 9602–9610. 

[5]. M. Sugiura, K. Hirano and S. Kobayashi, J. Am. Chem. Soc., 2004, 126, 7182–7183. 
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Sequentially Pd-catalyzed one-pot syntheses of functional heterocycles 
 

Müller T. J. J. 

 

Institut für Organische Chemie und Makromolekulare Chemie, Universität Düsseldorf, 

Universitätsstrasse 1, D-40225 Düsseldorf, Germany
 

e-mail: ThomasJJ.Mueller@uni-duesseldorf.de 

 

Multi-component and domino reactions are efficient and effective methods in the rapid 

and diversity-oriented synthesis of heterocycles. In particular, transition metal catalyzed multi-

component sequences have recently gained a considerable interest.
1
 Most interestingly, in 

sequentially Pd-catalyzed processes
2
 the same catalyst source is operative a second time without 

further catalyst addition. This one-pot methodological concept is most elegantly applied to the 

syntheses of highly luminescent pyrazoles
3
 and to concise syntheses of marine alkaloids and 

kinase inhibitors, the latter by applying a Masuda-borylation-Suzuki-arylation sequence.
4 

 
                                                                             

This work was supported by the Fonds der Chemischen Industrie, the Deutsche 

Forschungsgemeinschaft, and Merck Serono. 

 

References 
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W.; Müller, T. J. J. RSC 

Advances, 2015, 5, 33838-33854. c) Willy, B.; Müller, T. J. J. Org. Lett., 2011, 13, 2082. 
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A.; Bensch, L.; Antovic, D.; Müller, T. J. J. Org. Biomol. Chem., 2013, 11, 6113. f) Wucherer-

Plietker, M.; Merkul, E.; Müller, T. J. J.; Esdar, C.; Knöchel, T.; Heinrich, T.; Buchstaller, H.-P.; 

Greiner, H.; Dorsch, D.; Finsinger, D.; Calderini, M.; Bruge, D. Bioorg. Med. Chem. Lett., 2016, 
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C-H versus C-C in activation of propargylic amines  

under transition-metal catalysis 
 

Hiroyuki Nakamura 

 

Laboratory for Chemistry and Life Science, Institute of Innovative Research, Tokyo Institute of 

Technology, Yokohama, 226-8503, Japan.  

e-mail: hiro@res.titech.ac.jp 

 

The strategy for the transition metal-catalyzed C-H bond activations has attracted greatest 

interest in an environmentally friendly process for organic synthesis.  In particular, the C(sp
3
)-H 

activation alpha to nitrogen has shown a variety of transformations. We found that propargylic 

amines undergo the C(sp
3
)-C(sp) activation in the presence of Cu(II) catalysts or the C(sp

3
)-H 

activation in the presence of Pd or Zn(II) catalysts (Scheme 1). Propargylic amines underwent 

the C(sp3)-H activation in the presence of palladium catalysts to form allenes.
[1]

 In contrast, the 

C(sp3)-C(sp) activation was observed in the presence of copper catalysts to generate the 

corresponding iminium intermediates and copper acetylides, that reacted with another equivalent 

of the starting material (R
1
 = H) to give the deacetylenative coupling products, 2-butyn-1,4-

diamines, in the absence of bases,
[2] 

or reacted with aldehydes, amines and/or 1-alkynes to give 

the fragment exchanged propargylic amines.
[3]

 Moreover, the propargylic amines underwent the 

C(sp
3
)-H activation by zinc catalysts to afford the hydrogen-migrated vinyl zinc species that 

reacted with 1-alkynes to give the corresponding N-tethered 1,6-enynes.
[4]

 In this case, a 

coupling between the C(sp
3
)-H of the propargylic amines and the C(sp)-H of 1-alkynes took 

place and the generated two hydrogen atoms were trapped by the internal alkyne. As a result, 

redox CDC proceeded during the reaction, and additional oxidants were not necessary for this 

coupling. Furthermore, intramolecular hydroarylation-redox CDC of N-propargylic anilines with 

indoles was also catalyzed by zinc(II) to give 2-indolyltetrahydroquinolines.
[5]

 In this 

transformation, three C–H bonds (two sp
2
 and one sp

3
) are activated in one shot and these 

hydrogen atoms are trapped by a propargylic triple bond in the molecule. In this paper, our recent 

results of propargylic amine-based transformations induced by the transition metal-catalyzed 

C(sp
3
)-H activations

[6]
 will be presented.

 
 

 
Scheme 1. Overview of the C-H and C-C activation-based transformations of propargylic amines 
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Converting hay to gold with modern spinning wheels: non-edible, renewable 

resources as starting materials for the synthesis of fine chemicals utilizing 

light, flow and mag(net)ic catalysts 
 

Reiser O. 

 

Institute of Organic Chemistry, University of Regensburg, Universitätsstr. 31 

93053 Regensburg, Germany 

e-mail: oliver.reiser@chemie.uni-regensburg.de 

 

Pyrroles and furans represent readily available bulk chemicals derived from non-edible, 

renewable resources. Focusing on asymmetric transition metal and visible light photoredox 

catalysis, we are developing strategies to rapidly convert such starting materials into novel 

heterocyclic and carbocyclic scaffolds related to natural products or drugs.  
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The status of isocyanide based multicomponent reactions in Iran 
 

Shaabani A.  
 

Department of Chemistry, Shahid Beheshti University, P. O. Box 19396-4716, Tehran, Iran  

E-mail: a-shaabani@sbu.ac.ir 

 

 
Design and discovery of novel multicomponent reactions which are able to generate 

useful chemical products may be regarded as a prominent topic in organic chemistry. In this 

context, isocyanide based multicomponent reactions (IMCRs) are special subclasses of the 

multicomponent reactions. In this presentation, an overview of the contributions and recent 

advances made by Iranian scientists in the field of IMCRs between 1999 and 2017 have been 

reported. With over 400 publications during this period, Iranians are responsible for 

approximately 8 % of all publications in the world involving IMCRs. Some attractive features of 

these IMCRs are synthesis of numerous classes of pharmaceutically and industrially valuable 

heterocyclic and acyclic organic compounds in a one pot manner, carrying out reactions in green 

reaction mediums like water or ethanol, high atom economies, mild reaction conditions, high 

yields and catalyst-free processes.  
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Domino reactions. The green and economical art of chemical synthesis 
 

Lutz F. Tietze 

 

Institute of Organic and Biomolecular Chemistry, Georg-August-University Göttingen, 

Tammannstr. 2, D-37077 Göttingen, Germany, 

e-mail: ltietze@gwdg.de 

 

The efficient synthesis of natural products, drugs, agrochemicals and materials is a very 

important aspect in academia and industry. To allow an ecologically and economically 

favourable approach in a green fashion the former stepwise procedures must be replaced by 

domino reactions which allow the preparation of complex molecules starting from simple 

substrates in a straight forward way. Domino reactions
1
 allow the reduction of the amount of 

waste being formed and the preservation of our resources. Moreover, they are also favourable in 

an economical way since they consume less time. 

 
The usefulness of the domino concept is demonstrated with the syntheses of the fungal 

metabolites diversonol
2
, blennolide A

3a, 
blennolide C

3b
 and gonytolide

3b
 as well as other natural 

products of the dimeric tetrahydroxanthenone type
4
 using an enantioselective domino-

Wacker/carbonylation/methoxylation reaction and of the natural aryldihydronaphthalene lignan 

linoxepine
4 

employing a domino-carbopalladation/Heck reaction. The approach has also been 

applied for the synthesis of novel materials such as molecular switches
5a-d

 and fluorescence 

dyes
5e,f 

using a domino-Sonogashira/carbopalladation/CH-activation reaction. 
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Structural tuniong of luminescent and magnetic properties of porous metal 

organic frameworks 
 

Timofeeva T., Carlos Ordonez, Taoguang Qu, Jennifer Lindlina, Michael Pertonis, Quiang Wei 

 

Deparment of Chemistry, New Mexico Highlands University, Las Vegas, NM  87701, 

USA 

e-mail: tvtimofeeva@nmhu.edu 

 

Two large series of metal organic frameworks (MOFs) were synthesised and structurally 

characterized. The first series represents anionic frameworks constructed from Zn
2+

 with 1,3,5-

benzenetricarboxylate (BTC) anions and amino-cations. An influence of various cations such as 

NH4+, MeNH3+, Me2NH2+, Et3NH+, and n-Bu4N+ was manifested by the structural changes of 

the anionic Zn-BTC connectivity within the frameworks, and the fluorescence of the 

corresponding MOFs. The 13 Zn-BTC MOFs  with 1, 2 and 3 dimensional structures were 

obtained and it was clearly demonstrated that cations are acting as structure directing agents. The 

second series represents MOFs based on the same cationic-anionic structure {Zn-

BTC}{ Me2NH2+} that was doped with different metals (Co, Cu, Ni, Mn, Ca, Mg and Gd). 

Obtained materrials have significant differences in their magnetic behavier depending on the 

nature of the dopant metal atoms. The X-ray diffraction studies did not reveal strutural 

differences between doped materials, however their luminescent properties were found to be 

different that might lead to their potential practical applications.  
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Bridging chemistry and biology through metal catalysis 
 

Jing Zhao,
a
  

 
a 
State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical 

Engineering, Nanjing University, Nanjing 210093, China.;  

e-mail: jingzhao@nju.edu.cn 

 

We first studied a heavy metal-detoxification protein GolB, a gold-specific binding 

protein. GolB was recently identified, providing a unique opportunity for the study of the Au-S 

bond at the molecular level. We measured the rupture force of the Au-S bond to be 165 pN, much 

lower than Au-S bonds measured on different gold surfaces (~1000 pN). We further solved the 

structures of apo-GolB and Au(I)-GolB complex using X-ray crystallography.
1
 The interaction 

between silver ions and the CXXC in GolB and copper chaperone Atx1 and GolB revealed that 

the conserved CXXC metal-binding motif (MBD) coordinated a unique tetrasilver cluster.  

Next, inspired by these results from metalloproteins, we designed small-molecule ligands 

to overcome the copper cytotoxicity of Cu(I) ions, enabling the biocompatible Cu(I)-catalyzed 

azide-alkyne 1,3-dipolar cycloaddition (CuAAC). The CuAAC reaction could occur on the cell 

surface, directly visualizing of the dynamics of the biosynthesis of sialylated glycans at the intact 

heart level.
2a,2b

 Application of the biocompatible CuAAC reaction for intracellular modification 

of proteins realized protein labelling within the cytoplasm of Escherichia coli.
2c

 

Lastly, by mimicking O2-enzymes’ intermediate M-O-O structure (M=Fe, Cu), we 

developed new metal-catalyzed C–H activation reaction cascades to access structurally diverse 

polycyclic phenols in one pot.
3a,3b
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Coordination chemistry and reactivity of iridium pincer hydrides 
 

Belkova N.V., Osipova E.A., Titova E.M., Filippov O.A. 

 

A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences 

Vavilov Str. 28, Moscow, 119991 Russia 

nataliabelk@ineos.ac.ru 

 

Transition metal hydrides constitute an important class of organometallic compounds 

involved in various stoichiometric and catalytic transformations of organic molecules. The 

particular type of hydride reactivity is obviously determined by metal nature, its ligand 

environment and by partner reagents (reaction conditions) [1]. Over the last decades κ
3
-PCP-

pincer-ligands have been extensively studied since they are robust and still amenable to 

structural and electronic modifications [2]. It is generally accepted that pincer ligands enforce 

meridional geometry at the metal center and control over vacant coordination sites via bulky 

substituents on the donor atoms. So far, the most popular scaffold used to design pincer ligands 

relies on an aromatic moiety (PC(sp
2
)P). The reports on the chemistry and practical applications 

of the aliphatic C(sp
3
)-metalated pincer complexes are far less common [2]. 

In this contribution we will analyze the results of our recent studies on the reactivity of 

iridium(III) hydride complexes supported by benzene-based 
tBu

PC(sp
2
)P (1), and 

dibenzobarrelene-based 
R
PC(sp

3
)P (2, 3) pincer ligands. The detailed spectroscopic study of 3 

unveiled the flexibility of the dibenzobarrelene-based scaffold unprecedented for aromatic 

pincers like 1 [3]. The results obtained for the complexes 1-3 interaction with Lewis bases 

(CH3CN, (amino)pyridines, DMSO, CO, Et3N) and acids [3-6] allow discussing the fundamental 

aspects of the coordination chemistry of this class of compounds. These findings were employed 

in the mechanistic studies of catalytic dehydrogenation of alcohols [6] and amine-boranes [7].  

  
This work was supported by the Russian Science Foundation (grant № 14-13-00801). 
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Granular structures based on manganese arsenide inclusions embedded in 

A
II
B

IV
C

V
2 semiconductors host 

 

Fedorchenko I.V., Izotov A.D., Marenkin S.F. 

 

Kurnakov Institute of General and Inorganic Chemistry RAS, 119991, Moscow, Leninsky pr.31
 

e-mail: irina@igic.ras.ru 

 

There are two main directions in the researches of new materials for spintronics 

applications. The first direction is the supperlattices based on non-magnetic and ferromagnetic 

materials [1] and the second is the composites or granular structures based on ferromagnetic 

inclusions embedded in nonmagnetic host [2, 3].The composite materials have the variety of the 

technological advantages.  

In the comparison with metals and insulators, the semiconductors are the promising 

materials for the host of the magnetic inclusions. The main advantages of the semiconductors are 

what they have high mobility and relative large mean free path of the carriers. The phase 

equlibria of the semiconductor-ferromagnetic systems have typically eutectic type. The eutectic 

point has regular composition and structure which is valuable for the granular structures [4]. 

In this work, we present phase equlibria in the A
II
B

IV
C

V
2-MnAs systems (A-Zn, Cd; B-

Si,Ge, Sn; C-As) and magnetic properties of the granular structures based on these materials. 

A
II
B

IV
C

V
2 is well known nonlinear optic application material. MnAs is a well known 

ferromagnetic with Curie point exceed room temperature. The magnetic properties of all 

composites are due to the magnetic inclusions of manganese arsenide. Regardless, the magnetic 

properties of the composites based on MnAs have dramatic differences. On the isostructural 

composites in the similar concentrations positive and negative magnetoresistance was observed 

and significant difference in magnetic saturation. The size of the magnetic inclusions makes a 

big difference of the magnetic properties of the composite. Such behavior of MnAs in different 

hosts can be explained by the different type of interaction between semiconductor matrix and 

MnAs precipitates, such as form, size and internal stress of the inclusions. Results in Ref. [5] 

support our suggestions. In this paper, authors described that Curie point of MnAs can be shifted 

from 320 to 400 K as a result of the lattice deformation. 
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Proton-Hydride Transfer and BH/XH Activation in Metal Tetrahydroborates 

Alcoholysis 
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The non-covalent intra- and intermolecular interactions (e.g. hydrogen, dihydrogen 

bonds) are known to have a great impact on reactivity of boron hydrides in reactions with proton 

transfer and hydrogen evolution. Herein we present comprehensive investigation of the reactivity 

[BH4]
−
 [1] and transition metals (Cu, Ru) tetrahydroborate and hydrido-tetrahydroborate 

complexes with in alcoholysis reactions [2-4]. The first proton transfer reaction is rate-limiting 

stage of overall alcoholysis process, further acceleration of reaction rate related to increasing 

hydride donor ability in alcoxyboron hydrides. The nature of transition metal in their 

borohydride complexes determines the overall mechanism of activation of the borohydride 

fragment and the ways of stabilization of complex with molecular hydrogen. 

 

 
This work was supported by the Ministry of Education and Science of the Russian Federation 

(the Agreement number 02.a03.21.0008), the Russian-Italian bilateral project CNR-RFBR №15-

53-78027 and RFBR projects № 16-03-00324 and 16-33-01070. 
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The formation features of nanosized iron(III) oxide 
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The synthesis of iron oxide nanoparticles was performed by thermolysis of iron(III) 

acetylacetonate using diphenyl ether as a dispersion medium. Figure 1 displays the TEM-image 

of nanosized iron oxide particles obtained in the absence of surfactant. It is seen that at low-

temperature of thermolysis (180°C, Fig. 1a) the particles differ in form, there is a trend to form 

particles of triangle shape; the average size is 12–15 nm. Increase in thermolysis temperature 

leads not only to decrease of average particle size but also formation of particles of uniform 

shape (Fig. 1b). Increase in thermolysis temperature from 180 to 250°C provides more than 

twofold decrease of average size of iron(III) oxide particles (Fig. 1c). 

 

 
                             (A)                                        (B)                                              (C) 

Fig. 1. TEM images of nano-Fe2O3: (a) thermolysis at 180°C, (b) thermolysis at 250°C, 

dependence of particle size on thermolysis temperature (c). 

The introduction of surfactant into dispersion medium also leads to decrease of the 

average size of particles down to 4 nm. The features of reduction of obtained nano-Fe2O3 were 

studied. The TPR profile of nanosized iron oxide (Fig. 2) has three peaks of hydrogen 

consumption (I peak: Fe2O3 →Fe3O4, II peak: Fe3O4→Fe1-xO, III peak: Fe1-xO → Fe). The 

activation energies of the reduction processes were determined by the Kissinger method. 

 

Nano-Fe2O3 was tested as a catalyst in the 

decomposition of oxidized sulphur compounds (second step of 

oxidative desulfurization process) of model oil 

(dibenzothiophene in hexadecane), crude oil and diesel fuels 

with different sulphur concentrations. It was shown that nano-

Fe2O3 is active and effective catalyst for decomposition of 

oxidized sulphur compounds.         

 

     Fig.2. TPR-profile of nano-Fe2O3 

 

This work was supported by the Presidium of the Russian Academy of Sciences (program 

no. 25 “Fundamental Aspects of the Chemistry of Carbon Power Engineering,” project 

“Research on the Development of a Technology for the Oxidative Desulfurization of Crude Oil 

and Petrochemicals in the Presence of Nanosized Oxide Catalyst Systems”). 
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Ir-containing film materials are used in several essential applications such as in catalysts, 

spark plugs, protective anti-oxidizing coatings, implanted electrodes for neuro- and cardio 

surgery et. al. Metal-Organic Chemical Vapor Deposition (MOCVD) and its modifications seems 

to be ones of the most preferable technique to obtain refractory Ir-containing coatings with 

required characteristics [1]. However, using MOCVD and related methods, it should be 

appreciated that the morphology, structure and composition of coatings obtained are strongly 

dependent on the thermochemical properties of the precursor used. So, the establishment of 

relationships between structure and thermal properties of volatile compounds has the great 

importance because it creates the platform to choose the best precursor for material with 

specified characteristics. Recently, mixed-ligand mononuclear complexes of iridium(I) have 

caused the growing interest because of high volatility and relatively easy synthesis [1].  

β-Diketonates and their derivatives R
1
C(X

1
)CHC(X

2
)R

2
 are promising as the ligands to create 

the effective MOCVD precursors due to the possibility to manage thermal properties of the 

complexes by varying of terminal substituents R
i
, donor groups X

i
, etc.  

So, the present work deals with the investigation of influence of the ligands on the 

structure and thermal properties of Ir(I) β-diketone derivatives [Ir(Q)n(L)] with 1,5-

cycalooctadiene (cod, n = 1) or carbolyls (n = 2) as neutral ligands Q. The β-diketonate ligands L 

(X
1
 = X

2
 = O) were varied to explore the influence of steric effect and terminal substituent types 

as follows: R
1
 = R

2
 = Me (acac), 

t
Bu (thd), CF3 (hfac); R

1
 = CF3, R

2
 = Me (tfac); 

t
Bu (ptac), Ph 

(btfac), R
1
 = 

t
Bu, R

2
 = Me2OMe (zis). Also, some β-iminoketonates L (X

1
 = NR

3
, X

2
 = O) were 

used to evaluate the donor group influence: R
1
 = Me, R

2
 = Me, R

3
 = H (i-acac), R

3
 = Me (Mei-

acac), R
1
 = CF3, R

3
 = Me (Mei-tfac). 

As a result, the series of 16 iridium(I) mixed-ligand complexes including 9 new 

compounds were synthesized and characterized by elemental and powder X-ray diffraction 

analysis, IR- and NMR-spectroscopy. The structures of 11 complexes were determined by single-

crystal X-ray diffraction. All compounds are molecular complexes4 the H-type interactions are 

presented in the crystal packing of complexes with zis and i-acac ligands. 

The thermal properties of complexes were investigated by thermogravimetry, differential 

scanning calorimetry, tensiometry and in situ high temperature mass-spectrometry methods. 

Using the data obtained, the thermodynamic parameters of melting and vaporization were 

calculated and relative volatility and stability rows were determined. It was shown that 

complexes with carbonyl ligands are more volatile than corresponding cod-analogs. The 

volatility row of the complexes is following: L = hfac > tfac > ptac > acac> thd > i-acac > Mei-

acac > btfac. The vapors of complexes with thd ligand is characterized by the highest thermal 

stability due to the steric effects caused the presence of bulky 
t
Bu-groups in β-diketonate ligand. 

 

The work was partially financially supported by the Council on the Grants from the President of 

the Russian Federation (SP-3215.2016.4). 
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Aluminum alloys are very significant constructional materials. Improvement of their 

corrosion resistance can reduce operating costs and expand field of their application. Great 

resources are wasted for control of corrosion and its consequences. These expenses are hard to 

analyze; however, several experts evaluate them as 2–4% of gross domestic product [1].  

To solve this problem, we decided to use passive protection – modification by anodizing 

followed by chemical hydrophobization. This method allows improving barrier properties of 

alloys and makes their surface superhydrophobic. It inhibits corrosion on the contact with an 

electrolyte due to synergetic action of various mechanisms [2] including decrease of the area 

contacting with aggressive environment.   

To evaluate the resulting anticorrosion properties, electrochemical study was carried out. 

The impedance spectra were recorded and polarization curves were obtained. Dynamics of 

wetting angles of the surfaces of superhydrophobic samples was also studied. 
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Complexes of 3d metals with heterocyclic polynitrogen ligands are of great interest to 

scientists, since such compounds have a significant biological activity and/or nontrivial magnetic 

properties. In particular, 1,2,4-triazolo[1,5-a]benzimidazoles and pyrimidines represent a 

promising class of ligands for the synthesis of copper(II) coordination compounds which exhibit 

a wide range of pharmacological properties [1-2].  

Copper(II) coordination compounds with 

2-methyl- and 2,4-dimethyl-1,2,4-triazolo[1,5-a] 

benzimidazoles (L
1
, L

2
) presented as Cu2(L

1
)4(µ-

Br)2Br2 (I), Сu(L
2
)Hal2 (Hal=Cl (II); Hal=Br 

(III)), and halides of copper(II) with 2-N-

acetylaminopyrimidine presented as 

Cu(L
3
)2Cl2·nH2O (Hal=Cl, n=1 (IV); Hal=Br, n=0 

(V)) have been synthesized. The compounds have 

been studied using elemental analysis, IR and 

UV/Vis spectroscopy, and powder X-ray 

diffraction. The crystal and molecular structures of I and II have been determined using a single 

crystal X-ray diffraction technique (Fig. 1). 

The cytotoxicity of ligands L
1
, L

2
, L

3
 and complexes I-V with respect to human laryngeal 

cancer cell line (Hep-2) has been tested by using High Content Analysis. This method involves 

the use of two types of fluorescent dyes (Hoechst and Propidium Iodide), which allow to identify 

living, apoptotic and dead cells. The results show that the ligands have a little cytotoxic effect 

leading to the death of less than 10 % of cancer cells only. However, the complexation of Сu(II) 

with the mentioned ligands allows one to obtain much more efficient compounds as to compare 

with free organic ligands. The effect of the complexes leads to a significant cell death to occur 

(for I and IV at concentration > 5 µМ). Thus, the study of the synthesized Cu(II) complexes as 

potential antitumor drugs is a promising direction of research. 

The further study of this class of compounds should include an extended range of 

biological targets and studying the magnetic properties of the mentioned substances. 

 

This work was supported by the Russian Foundation for Basic Research (grant № 16-53-00020). 
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Fig. 1. Structure of Cu2(L

1
)4(µ-Br)2Br2 
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 Unsymmetrical N-heterocyclic carbene ligands represent some new trend in research. 

Starting from adamantyl-substituted imidazolium salts 1a-e, a series of Pd(II) PEPPSI-type 

complexes 2a-h were synthesized (PEPPSI = Pyridine Enhanced Precatalysts: Preparation, 

Stabilisation and Initiation) [1]. In the absence of pyridine binuclear complex 3 was obtained. 

N N
Ad

Ar

PdCl Cl

N

Ad = adamantyl-1,
Mes = mesityl

R

N N
Ad

Ar
PdCl2, K2CO3

N

R

MeCN,

80 oC, 5-6 h

Cl

1: a Ar = Ph; b Ar = 3,5-Me2C6H3; c Ar =2,4,6-Me3C6H2,
d Ar = 2,3,5,6-Me4C6H

1a-e

2a-h 46-68%

N N
Ad

Mes

PdCl Cl

3

N NMes Ad

or

R = 2-, 3-, 4-Me; 3-Cl;
2,6-Me2; 2-Me,5-Et

 
 Complexes 2 and 3 were studied by single-crystal X-ray diffraction analysis; they all 

have trans-configuration, according to literary data. 

 
Fig. 1. Structure of compound 2c Fig. 2. Two molecules of 3 

 

Complexes 2a-h are efficient precatalysts for Suzuki coupling of phenylboronic acid with 

4-bromotoluene (5 mol% of Pd-cat., propanol-2, 2h, 80°, yields 75-98%) or with 4-chlorotoluene 

(5 mol% of Pd-cat., neat water, microwave activation, 10 min, 120°, yields 53-73%). 

Compounds 2,3 were also successfully tested in Heck and Sonogashira reactions.  

 

This work was supported by Russian Foundation of Basic Research (Grant No. 17-03-00456). 
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For studying of kinetic processes of dissolution of the received oxides of manganese and 

of change of composition of oxide of manganese in the course of dissolution it is necessary to 

know exact structure of the studied oxide sample. In work the potentiometric method of 

definition of structure consisting in the following stages is offered and checked. 

Stage 1. Determination of content of atoms of oxygen in oxide. 

The hinge plate of oxide of manganese weighing 300 mg was dissolved in 1 M the H2SO4 

solution containing 0.01 mol of FeSO4 when hashing on a magnetic mixer before full dissolution 

of oxide. The received solution of a titrated of 0.01 M KMnO4 solution by an electrometric 

method before obtaining equivalent volume of KMnO4 (V1, ml). 

Process of restoration can be described the reaction equation: 
2 2 3

2
MnO (2 2)Fe 2 H Mn (2 2)Fe H O

   
      

x
x x x x . 

Counted volume KMnO4 which has gone for definition of concentration of atoms of 

oxygen on a formula:                                            Vox = V0 – V1, 

where V0 ― KMnO4 volume which has gone for titration of initial quantity of FeSO4, ml; 

V1 ― KMnO4 volume which has gone for titration of ions of Fe(II) of the ions of Fe(II) 

which have remained after restoration, ml. 

Determination of the general content of initial iron (V0, ml) based on reaction course: 
2 2

2

3
45Fe MnO 8H 5Fe Mn 4H O

   
     . 

Stage 2. Definition of concentration of atoms of manganese in oxide. 

The result obtained in step 1 was added and continued Na2H2P4O7 titrated 0.01 M 

solution of KMnO4 (V2, ml). In the titration of chemical reactions: 
2 2 3

4 2 2 7 2 2 7 3 2
4Mn MnO 8H 15H P O 5[Mn(H P O ) ] 4H O

    
     . 

The general concentration of atoms of manganese in a sample of oxide of manganese was 

calculated by a formula: 

VMn = V2 – 0.25·V1, 

From the relation of volumes: 

Vox/VMn = 0,8·(2х – 2). 

counted composition of oxide of manganese (x = O/Mn) taking into account volumes of KMnO4 

which has gone for titration of oxide on a formula: 

х = 1 + 0.625·(Vox/VMn). 

On the example of oxide of manganese(IV) it is shown that its structure corresponds to a 

formula MnO1.980, and when keeping in solution (pH 3.54, C(Mn
2+

) = 0.005 M and 298 K), 

passes into oxide of structure MnO1.865. This method is perspective for definition of composition 

of oxide of manganese in the absence of the expensive equipment.  
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The sol-gel method for synthesizing materials attracts much interest nowadays. It is 

caused by the fact that this technology is quite versatile, allowing to prepare diverse types of 

nanomaterials, such as powder, thin films and 3D-materials (composites and ceramics). The 

choice of reactants has a large impact on the possibility of obtaining the product and on its 

properties. Some of the particularly prospective precursors for sol-gel synthesis are heteroligand 

metal complexes belonging to the alkoxi-β-diketonate class. By varying the composition of the 

coordination sphere of heteroligand complex, one can control the process of sol-gel synthesis 

and tune the necessary properties of the final products [1-5]. 

In this work the processes for preparing heteroligand metal complexes belonging to the 

isoamylacetylacetonate species were studied. Nickel, yttrium, aluminium, iron and europium 

cations were used as the central atoms for these compounds. The change of rheological 

properties of the solutions of the said complexes under hydrolysis has been studied utilizing the 

rotational viscometer. Methods of IR- and UV-spectroscopy and refractometry were also used in 

the study. 

 

This research was carried out with partial support by the Russian Foundation for Basic 

Research (projects №15-03-07568 A and №15-29-01213 ofi_m). 
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β-Diketones are promising multi-donor ligands for metal coordination and recognition 

which are valued for pharmaceutical and material science applications. They have been shown to 

exhibit antitumor, antiviral, antibacterial, antifungal, insecticidal and antioxidant activities. In 

some structure-activity relationship studies, the biological activity of such compounds is 

attributed to the presence of a β-diketone moiety. The presence of aryl ring in the molecular 

structure has a great effect on the antibacterial activity of the compound. Also fluorine and 

fluorine-containing substituents have an impact on biological properties of organic compounds. 

Furthermore, ability of β-diketones to form metal complexes may also play an important role in 

biological functions of the compounds. 

Metal complexes of β-dicarbonyl ligands possess a variety of applications in the 

biological, analytical, clinical, and industrial areas. Transition metal complexes of β-diketone 

ligands have gained considerable attention, not only due to their spectroscopic properties and 

applications but also due to their remarkable antifungal, antibacterial and antitumor activities. 

With respect to the biological activity and desirable physicochemical, stereochemical, 

electrochemical, structural and catalytic properties of β-dicarbonyl metal complexes, their values 

have attracted significant attention. 

In view of these facts, we decided to study the binding properties of a series of β-diketone 

derivatives and evaluate the biological activity and luminescent properties of their metal 

complexes. 

Protolytic equilibria of the compounds in solutions were studied [1]. The binding 

properties of the ligands towards transition metal ions were studied using spectrophotometric 

method. The stoichiometric composition of the complexes in solutions was determined by the 

molar ratio and Job’s methods, as well as Starik-Barbanel relative yield method. The formation 

of 1:2, 1:1 and 2:2 metal–ligand complexes was observed. X-ray analysis gives evidence the 

formation of complexes in which the ratio metal to ligand can be 1:2 and 2:2. Similar to β-

triketones some of the studied ligands tend to formation of binuclear complexes with transition 

metal ions. Biological activity of the ligands and their metal complexes was evaluated. 

Aluminum [2] and boron complexes of some of the ligands were obtained and their luminescent 

properties were studied. 
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Complexons (such as polyaminopolyacetic acids) are referred to as polydentate chelate-

forming ligands and these ligands are often called chelating agents and complexes comprising 

chelating agents are chelates. Sexidentate ethylenediaminetetraacetate (EDTA) and eightdentate 

diethylentriaminepentaacetate (DTPA) can be considered to be optimal as universally acting 

complexons. These complexons are used to remove interfering metal cation and, vica versa, to 

introduce the metals into a certain system. DTPA, due to its ability to form water-soluble 

complexes with bi- and trivalent metals, can be used in deactivation of nuclear reactors [1, 2]. 

Titrimetric method and high-performance liquid chromatography (HPLC) are conventional 

methods for detection of EDTA and DTPA, these methods are rather effective but expensive. It 

was previously shown that there exist some aerobic bacteria Chelativorans oligotrophicus VKM 

В-2395 that are able to oxidize tetraacetate (EDTA) using molecular oxygen. This property of 

bacteria was taken into account when creating an amperometric biosensor for detection of EDTA 

and complexes with ions Ba
2+

, Mg
2+

, Ca
2+

, Mn
2+

, Co
2+

, Cd
2+

, Zn
2+

, Ni
2+

, Cu
2+

[3] and developing 

a biosensor for determination of DTPA and its complexes with ions Mg
2+

, Mn
2+

, Co
2+

, Ni
2+

[4]. 

The low limit of detection for EDTA was 0,125 mМ; long-time stability was 14 days The low 

limit of determination for DTPA was 0,5 mМ; long-time stability was 3 days. In future bacterial 

degradation of the DTPA complexes with metals by Chelativorans oligotrophicus VKM B-2395 

has the potential to solve waste-disposal issues (deactivation of nuclear installations) and waste-

recycling issues (establishments of nuclear fuel cycles). 
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Organic acids RC(O)OH has been found wide application in the synthesis of 

mononuclear M(O2CR)n and binuclear M2(O2CR)n complexes of transition metals. The ability 

of the oxygen atoms of the carboxyl groups act as bridging allowed us to synthesis of 

macromolecular systems. The macromolecular system of the lanthanides are used as 

luminophores. 

Quantum-chemical calculations were performed using the software package FireFly 8.1 

using the functionality B3LYP5. For atoms H, C, O were used basis 6-311**G and 

ECP52MWB_GUESS for the Eu, developed by the Stuttgart/Cologne. X-ray spectra were 

obtained in ultrahigh vacuum photoelectron spectrometer of the company Omicron (Germany) 

with MgKα radiation source 1253,6 eV. 

Spectra of methacrylate components have been received and processed: Eu(marc)3, 

Eu(macr)2(dbm), Eu(dbm)2(macr). Correlation diagram of the valence electronic levels were 

built using the calculated data. The calculation of the three methacrylate components of Eu(III) 

allowed us to obtain data on the geometrical structure and to analyze the electronic structure 

mapping of the x-ray spectrum with the Kohn-Sham’s molecular orbitals. The research will allow 

to plan the synthesis of compounds with the required photochemical properties. 

It was discovered that substitution of the macr-ligands to the dbm-ligands increases the 

metal-ligand ionic binding (if the charge difference between the ligands and the metal ion is 

increased, therefore the ion binding is increased too) due to the redistribution of charge on the 

carbons of the dbm-ligands in the study of the Mulliken’s charges, which are shown in the table 

1. Also there is a destabilization of the valence electronic levels and the mixing of orbitals macr 

and dbm in the study of the correlation diagram. Then it was produced a comparison of the 

theoretically calculated bands with x-ray spectra. In region 2-4 eV is the peak O2p, in the region 

6-8 eV is peak C2p, and at 21-23 eV - Eu5p, and theoretically calculated extreme strip level of 

the Eu5p level is shifted at 0,30/0,50 eV to the lowest energies.  

 

Table 1. Mulliken’s charges of methacrylate components of Eu(III) 

 

 Eu(macr)3 Eu(macr)2(dbm) Eu(macr)(dbm)2 

N q(Mull) q(Mull) q(Mull) 

Eu 1,56 1,64 1,73 

macr -0,52 -0,53 -0,55 

2O(macr) -1,09 -1,08 -1,08 

dbm  -0,57 -0,59 

2O(dbm)  -1,31 -1,29 
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Anticancer Pt(IV) complexes have recently considerable interest due to their kinetical 

inertness and specific reactivity in the reducing milieu of the cancer cell (activation by 

reduction), lower general toxicity, and possibility of oral administration. In cancer chemotherapy, 

drug combinations are widely applied, and therefore incorporation of a bioactive ligand can 

increase the activity or selectivity of new complexes and realize the controlled release of an 

active organic molecule. One of the synthetic advantages of Pt(IV) complexes is the possibility 

to covalently link biologically active ligands at the respective axial positions.  

In this work, by attaching glycolysis inhibitor lonidamine to cisplatin or oxaliplatin metal 

center, the novel complexes with specific mode of action were obtained.  

All synthetized compounds were characterized by NMR (
1
H, 

13
C, 

195
Pt) spectroscopy, 

ESI-MS and elemental analysis [1]. The structure of oxaliplatin-based compound was established 

by X-ray analysis. The antiproliferative activity of the Pt(IV) complexes was investigated against 

several cancer cell lines (A549, SW480, MCF7). All complexes showed higher in vitro activity 

in comparison to the lonidamine and cisplatin.  

 
 

This work was supported by the Russian Foundation for Basic Research (grant № 16-03-00743). 
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Compounds IC50, μМ 

MCF-7 

1 0.45±0.3 

2 0.03±0.008 

3 0.5±0.2 

Lonidamine 8.5±2.1 

Cisplatin 16±4.8 
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It is known that some palladium(II) complexes with heterocyclic ligands exhibit 

comparatively high anti-tumor activity [1, 2]. 

 Here water soluble palladium(II) complexes containing tetrazolylacetic acids and their 

esters derivatives as ligands were synthesized and characterized by means of HRESI-MS, 
1
H 

and 
13

C{
1
H} NMR, IR spectroscopies, and DSC/TG analysis. The structure of the complexes 

obtained established by X-ray diffraction analysis. 

 

 

                                                                             

 

 

 

 

 

 

 

 

Calf-thymus DNA and an abundant plasma protein have been taken as models for the two 

major targets for metallodrug interactions by CD, UV/VIS and fluorescence spectroscopy. The 

effect of the compounds on pBR322 plasmid DNA was studied by gel-electrophoretic mobility 

measurements. The studies have shown that the complexes effectively bind with calf thymus 

DNA (CT DNA) through electrostatic interactions. In addition, these complexes cause static 

quenching of the bovine serum albumin fluorophore. 

 

The authors acknowledge Russian Foundation for Basic Research for financial support 

of a joint project (grants 16-53-00047 Bel_a) and St.Petersburg State University 

(Grant 12.38.428.2015). 

 

References 

[1]. Brown, S.D.; Trotter, K.D.; Sutcliffe, O.B.; Plumb, J.A.; Waddell, B.; Briggsa, N.E.B.; 

Wheate, N.J. Dalton Trans., 2012, 41,  11330. 

[2]. Ulukaya, E.; Ari, F.; Dimas, K.; Ikitimur, E.I.; Guney, E.; Yilmaz, V.T. Europ. J Med. Chem., 

2011, 46, 4957. 
  

https://www.google.by/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0ahUKEwiX2KmG75vSAhWqJsAKHTg9BCUQFgg7MAU&url=http%3A%2F%2Fonline.liebertpub.com%2Fdoi%2Fabs%2F10.1089%2Fdna.2009.1001&usg=AFQjCNFrZKrEagZ6yH33OEHEQlm4C68P0Q&bvm=bv.147448319,d.ZGg
https://www.google.by/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0ahUKEwiX2KmG75vSAhWqJsAKHTg9BCUQFgg7MAU&url=http%3A%2F%2Fonline.liebertpub.com%2Fdoi%2Fabs%2F10.1089%2Fdna.2009.1001&usg=AFQjCNFrZKrEagZ6yH33OEHEQlm4C68P0Q&bvm=bv.147448319,d.ZGg


Inorganic and coordination chemistry section. Oral Reports (10 min) 

43 

The use of metal polyolates in synthesis of metal oxides and composites 
 

Puzyrev I.S.
a
, Andreikov E.I.

a
, Zakharova G.S.

b
 

 
a
 Institute of Organic Synthesis, Ural Branch, Russian Academy of Sciences, 620990, 

Ekaterinburg, Sofia Kovalevskaya str. 22 
b
 Institute of Solid State Chemistry, Ural Branch, Russian Academy of Sciences, 620990, 

Ekaterinburg, Pervomaiskaya str. 91 

e-mail: igor.puzyrev@mail.ru 

 

The demands for high-power are led to the extensive research efforts on the development 

of electrode materials with low cost, high capacity, chemical stability, and environmental 

friendliness [1]. For this purpose the composites transition metal oxide/carbon are successfully 

applied. Moreover, the composites have found applications in a great number of areas such as 

catalysis, sorption etc. The synthesis of such materials based on employment of metal alkoxides 

and other solid precursors has such advantages as the ease of fabrication and high yields [2,3]. 

While preparation of metal oxides from solid alkoxides the morphology of precursors 

remains for target products. However metal alkoxides are expensive and easy hydrolysable. 

Moreover, this consistent pattern has not yet been demonstrated to be true as applied to metal 

oxide composites. 

In this work, we studied the transformation of metal polyolates into one-dimensional 

metal oxides (TiO2, ZrO2, HfO2) as well as we developed the effective methods for the synthesis 

of the composites TiO2/C and ZnO/C. In case of composites synthesis the main stage is the 

thermal treatment of metal/glycerol complexes (TiGly and ZnGly) in inert atmosphere at variable 

temperatures, for which purpose we originally tested the behavior of TiGly and ZnGly in air and 

Ar flow by using the thermogravimetric analysis. Based on the results the conditions of 

composites synthesis were chosen. During the process, the products retain the morphology of 

precursors in the same manner as it is observed for metal oxides [2]. The obtained composites 

were characterized by TGA, FT-IR and Raman spectroscopy, XRD analysis, and nitrogen 

adsorption. 

  
Fig. 1. Examples of morphologies of TiO2/C and ZnO/C composites. 

In summary, a facile synthesis method of titanium oxide/carbon rod-like composites has 

been developed through a titanium glycerolate carbonization in inert atmosphere. Also it was 

shown that zinc glycerolates were successfully used to obtain of zinc oxide/carbon composites. 

The obtained materials are of interest for different applications. 
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Lanthanide complexes with organic ligands are widely used in various areas of science 

and technology and in biomedicine as light transforming materials, luminescent light sources, 

and photochemical sensors. Luminescence excitation in the visible and near IR ranges 

considerably depends on the ligands and can change by two to three orders of magnitude. The 

luminescence quantum yield is determined by the efficiency of non-radiative transitions, which 

depends on the energy gap between the lowest triplet state of the ligands and the excited state of 

f-electrons and on the localization of excitation on functional groups of the ligands.  

Among the chemical compounds of rare earth elements which are of interest for the 

development of light-transforming materials includes a broad class of adducts of tris-β-

diketonates with the general formula Ln(ОСβ(R1)CγHCβ(R2)O)3·L. 

The influence of ligands, including β-diketonate ligands, on the luminescence properties of 

europium has recently been considered using Eu
3+

 as an example. An analysis of the dependence of 

spectral luminescence properties of the complexes on their electronic structure and orbital nature of the 

chemical bonds makes it possible to plan the synthesis of new compounds with desired optical 

properties. 

Coordinative unsaturation of the most part of lanthanide tris(β-diketonates) predetermines 

the wide use of their adducts as luminescent materials with such neutral ligands as Phen (1,10-

phenantroline), TPPO (triphenylphosphineoxide), HMPA (hexamethylphosphoramide), and Dip 

(dipyridyl). Instrumental possibilities of an X-ray spectrometer do not allow one to carry out the 

detailed analysis of the highest occupied levels involved in luminescence excitation. The UPS 

spectra of the sublimation products in the spectrometer of these complexes at 200°С clearly 

illustrate the change in the structure of the valent MOs (including the 2p orbitals of fluorine in a 

range of 16 - 18 eV) with the introduction of additional ligands into the coordination sphere of 

Eu. 

In this work we use experimental X-Ray spectroscopy (MgKα) and density functional theory 

methods (DFT/TDDFT/B3LYP5/ECP52MWB/6-311G*) to investigate adducts of tris-β-diketonates 

(Acac – acetylacetonate; Hfac – hexafluoroacetylacetonate) of Eu(III) and Lu(III) with 1,10-

phenantroline. Quantum chemical calculations have shown that the geometry of the coordination 

sphere LnO6N2 close to the square antiprism. Geometrical structure of 1,10-phenanthroline is 

almost independent of the chemical environment. The value of destabilization MO tris-chelate 

complexes with adducting an average of 0.7 eV. From the analysis the obtained data we see that 

the orbital 1,10-phenanthroline are involved in the mixing only with the orbitals, the energy of 

which is from 8 to 10 eV. With the data of theoretical calculations agree with experimental, we 

assume that the addition of 1,10-phenanthroline to the tris-β-diketonates complexes Eu and Lu is 

destabilized complex levels and stabilizing levels of 1,10-phenanthroline. 

The distribution of charges for the three adducts evidence of the presence of polarization 

tris-chelate rings with a neutral ligand 1,10-phenanthroline and ion-dipole interaction between 

chelate fragment and 1,10-phenanthroline. Addition of 1,10-phenanthroline shifts the position of 

the excitation band in the red region thus reducing energy transition break with orbitals of the 

ligand to the metal and increasing the probability of transition. 

As a result of research it was shown the applicability of the chosen calculation method to 

the interpretation of the photoelectron spectra with sufficiently accurate results, allowing to 

analyze and identify features of electronic effects after adducting.  
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Ortho-substituted triarylphosphine oxides adopt the most stable conformation as an 

unsymmetrical propeller where the substituents in the ortho positions are oriented to the same 

direction as the phosphoryl group. This conformational feature provides a possibility to design a 

new type of polydentate tripodal ligands on this basis by introduction of various donor groups 

into the substituents. The concerted orientation of side donor atoms and the phosphoryl group 

produces a preorganized tripodal ligand, which may be applied for artificial receptors design as 

well as for extraction of metals from aqueous solutions.  

 

 
 

Potentially tetradentate tripodal ligands 1a-c with carbamoyl side arms have been 

synthesized in two steps from tris(2-hydroxyphenyl)phosphine oxide. Compounds obtained have 

been studied by means of elemental analysis, X-ray diffraction, IR and multinuclear NMR 

spectroscopy. 

 

 
 

Complexes of compounds 1a-c with lanthanide (La, Nd, Lu) nitrates have been obtained 

and characterized using elemental analysis, IR and multinuclear NMR spectroscopy. Complex of 

ligand 1a with neodymium nitrate has also been studied by means of X-ray diffraction. 

Extraction properties of ligands 1a-c toward a series of rare earth elements have been 

investigated. Compounds 1b and 1c proved to be efficient extractants.  
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Recently, we have reported the preparation of a series of sandwich double-decker 

tetradiazepinoporphyrazine-based lanthanide complexes [1-4]. The formation of sandwich-type 

complexes took place under relatively mild reaction conditions. Moreover, the corresponding 

early lanthanide double-deckers demonstrated high stability towards dissociation as compared 

with phthalocyanine (Pc) counterparts [3]. 

To gain insight into the structural features of this type of compounds, we analyzed the 

structure of the free-base ligand and the double-deckers obtained using two-dimensional NMR 

techniques combined with quantum chemical calculations [4]. A combination of experimental 

and theoretical studies revealed the presence of two types of hydrogen bonding interactions in 

the metal-free porphyrazine and the corresponding sandwich complexes, namely, interligand C–

H
ax⋯N

meso
 hydrogen bonding and O–H⋯N

Dz
 ligand–water interaction 

[4]. Thus, the presence of interligand hydrogen bonding facilitates the 

formation of tetradiazepinoporphyrazine double-deckers compared to 

lanthanide bis(Pcs) and stabilizes the corresponding early lanthanide 

double-decker complexes towards dissociation. 

Very recently, we have succeeded in crystal structure 

determination of 1,4-diazepinoporphyrazine compound using 

synchrotron radiation X-ray diffraction analysis. To our knowledge, 

this is the first example of the crystal structure of diazepine-containing 

macroheterocycle. The structural data completely agree with the results of quantum-chemical 

studies [4], which provides a unified understanding of the nature of specific interactions in 1,4-

diazepinoporphyrazine compounds. 

This work was supported by RFBR (Grant Nos. 16-33-00097, 15-03-05890), the Council 

under the President of the Russian Federation for State Support of Young Scientists and Leading 

Scientific Schools (Grant MD-2991.2017.3) and the Ministry of Education and Science of the 

Russian Federation (Agreement 02.a03.21.0008). 
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Complexes of d
10

 metals with nitrogen-containing donor ligands has recently attracted 

strong attention because of their interesting properties for fundamental researches and practical 

application aspects. There are great interest to the chemistry of d
10

 transition metals pyrazolates. 

Investigations show that coinage metals form with pyrazole the macrocyclic compounds in 

general formula [M(Pz)]n (n=3, Scheme 1), where n depends on the type of substituents in the 

pyrazolate ligand and a metal atom. Cu(I) and Ag(I) macrocyclic pyrazolates 

displaying interesting luminescence properties and ability to form 

supramolecular aggregates due to π-acid/π-base or metallophilic interaction 

[1].
 

Here we report study of strong complex formation of [CuL]3 with 

[Cp*Fe(η
5
-P5)]. In this complex macrocycle plane folded along the Cu···Cu 

axis to 89°. Folding of the macrocycle results in new, high-energy orbital 

interactions that are otherwise impossible. Copper atoms were shown to play 

the role of both Lewis acid and Lewis base [3]. 

 
Figure 1. Structures of complexes [ML]3 with [Cp*Fe(η

5
-P5)], PPh3 and dppm. 

 

The study of complexation of trinuclear d10 metals pyrazolates with phosphorus-

containing compounds will be discussed. XRD indicates phosphorus coordination to metals in 

macrocycles, which leads to the bending of macrocycles planes. Complexes show green-blue 

luminescence in solution of CH2Cl2 and solid state at RT and 77K. 
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Recent biomedical applications of metal complexes have a growing interest in the 

synthesis and study of new chelators that form highly stable and kinetically inert complexes with 

various ions. Today, only complexes based upon DOTA (tetraazacyclododecanetetraacetatic acid) 

and DTPA (diethylenetriaminepentaacetic acid) have been widely used in biomedicine. 

Unfortunately complexes of DTPA are kinetically labile, and DOTA has low complex formation 

rate with metal ions. Thereby the goal of our work is development of novel chelators for metal 

ions that have more favorable formation kinetics and remain inert toward dissociation. 

In the present research a series of pyridine-containing 15- and 18-membered azacrown 

macrocycles with two or three pendant arms (carboxylate and pyridine) have been synthesized. 

The coordination properties of their complexes with heavy and rare earth metal ions (Ni
2+

, Cu
2+

, 

Zn
2+

, Cd
2+

, Pb
2+

, Y
3+

, Eu
3+

, Lu
3+

, Bi
3+

) in aqueous solutions, as well as cytotoxicity and 

radiolysis resistance were investigated.  

    

  
  

It was demonstrated that both the size of the cavity and its heteroatom composition were 

important factors influencing on complex formation with the metal ions. The introducing of 

additional coordination groups improves the binding properties of pyridine-azacrown 

macrocycles. The greatest impact on the stability of the complexes provides the presence and 

amount of carboxyl substituents in macrocycles. Along with an increase in stability of complexes 

the reduction of selectivity of complex formation is observed. Also it was shown that pyridine-

crown macrocycle with three carboxylic pendant arms is attractive ligand for binding of Cu
2+

 and 

Bi
3+

 ions applicable for synthesis of radiopharmaceuticals due to fast complex formation. X-ray 

diffraction analysis and potentiometric data showed that in ligands N-amide atoms do not 

participate in coordination with protons or metal cations. Nevertheless the rigid structure of 

pyridine-2,6-dicarbamide fragment and an open macrocyclic cavity provide a possibility to fast 

kinetics of complex formation. Thereby developed chelators based on azacrown compounds are 

promising for use in biomecicine. 
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One of the important ecological problem is control of heavy metals in natural and 

industrial objects on level their limit permissible concentration and below. Therefore arise a 

necessity in elaboration new methods of collection heavy metals with following determination 

different methods. For the extraction of heavy metals and lead are used complexing sorbents 

containing functional analytical groups of atoms of nitrogen and sulfur [1-3]. In this paper, was 

obtained by a new polymeric sorbent containing fragment of sulfadimezini.  

This invention censers to derivatives of copolymer of malein anhydride-styrene and can 

be used in analytical chemistry and hydrometallurgy for extraction of lead(II) and its 

concentration.  

Essence of the invention is concluded in that copolymer of malein anhydride-styrene 

modification with sulfadimezini. The Reaction is conducted on sand bath, under unceasing 

mixing. Whereas, reaction is conducted in water phase anhydride groups consist in copolymer 

hydrolyzes. In system from interaction phormaldehide and amine is formed unstable 

carbonylamin, which interacts with carbocsyl group consist in macromolecule with the result that 

amino fragment falls into macromolecule. The Announced sorbent possesses high sorption 

characteristic to lead(II). As follows, sorption capacity to lead ion in water solution 463 mg /g 

and degree of sorbtion -99,6%.  

The composition of obtained sorbent has been studied by the IR-spectroscopy method. In 

static condition has been researched influence pH an ionic strength liquid phase to sorption ion 

Pb(II) by the synthesized sorbent. This sorbent adsorb Pb(II) at pH 6 and the install time, 

sorption equilibrium does not exceed 180 minutes. Lead content in solution was determined by 

photometric method. Number of adsorbed lead was determined by the difference of the metal 

content before and after sorption. The effect of pH on the preconcentration of the ions Pb(II) in 

static conditions in the chelating sorbent in the pH range 1-8. At low pH of the liquid phase (pH 

1.4), the low degree of extraction may be associated with protonation of functional groups 

present in the sorbent phase and a low degree of swelling of the polymer. With increasing pH of 

the liquid phase (pH 5-6) the degree of swelling of polymer sorbents increases.  

It has been influence sorption processes from concentration of ion Pb(II) and time. It has 

been research influence equally capacity and concentration of acid HClO4, H2SO4, HCl, HNO3, 

H3PO4 on desorption sorbed ion Pb(II) from polymer sorbent. The experiment shows that H2SO4 

desorbs Pb(II) ion from the polymer adsorbent better than others. The study of increasing of the 

concentration of H2SO4 shows that the desorption process increases till 2mol/l concentration of 

H2SO4. Above this concentration desorption degree does not increase. It may be concerned with 

the arrangement and stability of remaining xelat cycles.  

Adsorption and desorption processes has been taken place in static condition. 
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There has been some considerable and renewed interest in the synthesis and 

characterization of metal complexes of hexamethylenetetramine (HMTA) [1], e.g. 

hexamethylenetetramine complexes of cobalt(II) and nickel(II) forming three-dimensional 

networks [2]. Hexamethylenetetramine as a ligand can bind either in a monodentate manner to a 

metal, acting as bridging ligand linking two, three, or four metals, or bind to metal-containing 

species through the formation of hydrogen bonding. The combination of both covalent and 

hydrogen bonding in certain complexes of hexamethylenetetramine leads to the formation of 

three-dimensional structures that easily decompose by thermal treatment to give thin films of 

metal oxides [3]. 

We have synthesized and studied the complexes of the MX2
.
2HMTA

.
10H2O composition, 

where M = Co, Ni; X = Br, I. Composition of the compounds is confirmed by elemental analysis. 

X-ray diffraction patterns of the complexes show that they are isostructural to the earlier reported 

complex [Ni(H2O)6]Cl2
.
2HMTA

.
4H2O [4]. The central atom is bonded to six aqua ligands giving 

an octahedral geometry. 

Infrared spectra were obtained in the range of 400–4000 cm
–1

 at room temperature. We 

can see bands at 3440–3443 cm
–1

, ν(OH) (water); at 2922–3123 cm
–1

, νas(CH2); at 1457–1465 

cm
–1

, νscissor(CH2) (HMTA); at 1203–1240 cm
–1

, νrock(CH2), C–N (HMTA); at 1009–1055 cm
–1

,
 

ν(C–N) (HMTA); at 812–817 
 
cm

–1
, 

 
ν(C–N) (HMTA), at 629–672 cm

–1
), δ(NCN) (HMTA). The 

bands of HMTA do not shift on complex formation indicating its position on the outer spheres of 

the complex compounds. 

Thermal studies show decomposition patterns corresponding to the loss of the 

uncoordinated and coordinated water molecules, followed by loss of HMTA and halide ions. 

Decomposition of the complexes begins at 68–82°С with the loss of 1–2 H2O molecules; at 155–

170°С all other H2O molecules are removed; at 263–282°C the compounds lose one HMTA 

molecule; over 400°С bromide, iodide ions and HMTA ligand are removed in the form of a 

mixture of gases. 
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Modern chemical industry is experiencing a spectacular increase of the use of hetero- and 

homogeneous catalysts in producing different chemicals. Replacement of classical processes 

with other based on more effective / selective catalysts is an important target as it can 

significantly reduce industrial wastes [1]. Transfer hydrogenation of ketones in water by 

formates is a versatile and “green” method of preparing secondary alcohols with high atom-

economy, however until early 2000s it was limited mostly to (partially) water-soluble substrates. 

Recently we have developed a convenient method for the synthesis of surface-active 

ruthenium complexes [(p-Cym)RuCl(L
n
)] (RuL

n
) with a diamine ligand L

n
 functionalized with a 

quaternary ammonium group bearing long alkyls CnH2n+1 (n = 8,16) [2]. These catalysts are 

highly active for transfer hydrogenation of (hydrophobic) ketones in water and can be reused 

after catalytic cycle multiple times. Unlike RuL
16

, the complex with shorter alkyl “tail” RuL
8
 

does not leach to the organic solvent phase during extraction of the product and thus can be used 

as a recyclable catalyst. We have shown that RuL
8
-based catalytic system can be used at least 10 

cycles, however its strict protection from air is mandatory. 

Here we report the development of a recyclable micellar catalytic system based on novel 

surface-active complexes RhL
n
 for reduction of ketones in water that is tolerant to air.  

 
The complexes RhL

8
, RhL

16
 were fully 

characterized spectroscopically, by ESI-MS and 

elemental analysis. The catalytic study showed that 

RhL
n
 are highly active in hydrogenation of model 

ketone (acetophenone) in water, moreover their activity 

can be greatly improved by the addition of zwitter-ionic 

surfactant С14H29NMe2
+
(CH2)3SO3

-
 (DMAPS). 

Interestingly, these catalysts are stable and even more 

active on air and thus satisfy the initial objective. We 

demonstrated that RhL
8
-based catalytic systems can 

perform at least 6 cycles on air without significant 

activity decay. Further tests with hydrophobic 

substrates are in progress. 

This work was supported by the Russian Science Foundation (grant № 14-13-00801). 
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A literature review [1] shows in recent years the number of papers devoted to the 

selective tri- and tetramerization processes has become more and more. In different years, 

homogeneous chrome-pyrrole catalytic systems have been studied by many foreign researchers 

of oil refining companies. Successfully implemented elaborations industrial processes include 

catalytic systems such as chromium(III) / organoaluminum cocatalyst / L / modifier, L are N-

donor stabilizing ligands of the pyrrole series.  

Despite the existence of literature devoted to the study of chrome-pyrrole catalytic 

systems with various substituted pyrroles (in most cases there are two-substituted pyrroles 

having substituents in the 2 and 5 positions), papers dealing directly with the study of the effect 

of substituents into the pyrrole ring and on the nitrogen atom, in the literature is not available. 

Acid-basic properties of pyrrole ligands can be carried out by theoretical calculations using the 

methods of quantum chemistry [2]. Mentioning the successful prediction of catalytic properties 

on the basis of quantum-mechanical calculations there are in the literature. As a result of the 

DFT calculations, the authors [3] predicted 6 new PNP ligands, in a highly selective ethylene 

trimerization on chromium-containing catalytic systems. 

For this reason, in [4] the pyrrole series ligands influence was evaluated by comparing the 

quantum-chemical calculations results of their basicity with the experimental data of the catalytic 

investigations obtained under identical conditions. As shown the research, lowering the basic 

properties in the series: pyrrole, 2-phenylpyrrole, 2-formylpyrrole leads to decrease activity and 

selectivity of ethylene trimerization catalytic systems. 

 

Table. Selectivity dependence on the pyrrole ligands ΔpKa. 

 ΔрКа 
Hexen-1 selectivity, wt.% 

Cr(EH)3 Cr(acac)3  CrCl3(THF)3 

pyrrole 0,0 76 73 73 

2-phenylpyrrole -4,4 69 53 61 

2-formilpyrrole -8,4 26 43 57 

 

The authors thank V.B. Kobychev (Laboratory of Quantum Chemistry, Irkutsk State 

University) for assistance in quantum-chemical calculations and discussion of the results. 
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New methods that allow for the incorporation of fluorous or phosphorous synthons into a 

molecule at late synthesis stage are desperately needed. Metal-catalyzed coupling procedures 

would greatly facilitate the construction of fluoro- or phosphorous organic molecules; however 

they have been slow to develop. Achieving site selectivity in C–H functionalization reactions is a 

significant challenge. We propose a one-step catalytic method for introduction of fluorine- and 

phosphorus-containing functional groups to different compounds with C(sp
2
)-H bonds assisted 

by electrochemical reduction or oxidation of metal complexes under mild conditions. The 

catalytically active form of metal complexes (Ni
III

 or Pd
III

, Fe
II
, etc.) is generated and regenerated 

on the electrode without specially added reducing agents (or oxidants). We aimed to develop a 

mild method for the functionalization of simple arenes and more complicated substrates (for 

example, caffeine) and to utilize relatively inexpensive perfluoroalkyl iodides as RF precursors 

and dialkylphosphites as P-precursors and rarely used accessible, reasonable and nontoxic iron 

and silver compounds as catalysts. Key organometallic intermediates are isolated and 

characterized. Possibilities and advantages of directed metal-induced aromatic C-H-

fluoroalkylation, phosphorylations etc. are demonstrated. 
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Over the past several years, much effort has been undertaken to construct artificial 

systems, and to understand the mechanism of proton reduction by [FeFe]-H2ase mimics. 

Nevertheless, the activity of the artificial systems for H2 evolution is still low. The classical 

Fe
I
Fe

I
 organometallic complexes [(μ-xdt)Fe2(CO)6] (xdt = dithiolate linkers) highly resemble the 

active site of [FeFe] hydrogenases so they have been used as biomimetic model complexes for 

mechanistic studies of H2 evolution. Among hundreds Fe2 complexes, the most common 

derivatives contain phosphine ligands, which substitute one or more COs. Upon phosphine 

substitution, the reduction of the Fe2 complexes shifts toward more negative potentials. 

Unfortunately, most of the phosphine-substituted derivatives are unstable after redox events. It 

was reported that [Ni(P
R

2N
R
′2)2]

2+
 complexes are highly active catalysts for H2 production and 

oxidation, and bidirectional catalysts active for both H2 production and oxidation, where P
R

2N
R′

2 

is a cyclic 1,5-diaza-3,7-diphosphacyclooctane ligand. Unfortunately, similar iron complexes do 

not exhibit catalytic activity under the conditions studied. We assumed it would be possible to 

involve the iron complexes with diazadiphosphocyclooctane ligands in hydrogen catalysis by 

entering the additional redox active ligand into the iron coordination sphere. Iron complexes 

bearing diphosphine ligands with positioned pendant amines along with non-innocent dpp-BIAN 

ligand have been investigated by cyclic voltammetry, which is the usual way to demonstrate 

electrocatalytic ability for hydrogen evolution. Cyclic voltammograms (CVs) in CH3CN have 

been recorded in the presence of increasing amounts of acids (Figure 1). The catalytic reactivity 

of these new mixed ligands iron complexes at low overpotential was demonstrated. Catalysis 

potential for all complexes is around -0.5V ref Fc
+
/Fc in THF, so it is very low overpotential of 

hydrogen evolution. 
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By the example of TiF4 complex formation with the simplest diphenyl[2-(N,N-

dialkylcarbamoyl)ethyl]phosphine oxide we have shown for the first time that these 

functionalized phosphine oxides can produce original complexes with stable seven-membered 

chelate heterocycles. 

The composition and structure of TiF4 complexes with Ph2P(O)(CH2)2C(O)N2 (L) in 

CH2Cl2 was studied recently by 
19

F and 
31

P NMR [1]. It was shown that the elongation of the 

hydrocarbon bridge between the donor P=O and C=O groups in ω-carbamoylalkylphosphine 

oxides from –CH2– to (–CH2–)2 does not decrease the chelating ability of the ligand, while the 

composition of resultant complexes in solution is determined by the component ratio. Chelated 

tetrafluorocomplex is present mostly in equimolar solutions. 

Studying the temperature dependence of 
19

F and 
31

P NMR spectra of this chelate we 

observed at 228 K appearans of the same group of signals which were assigned to possible 

conformational isomerism of the TiOPCCCO chelated ring. 

X-ray diffraction study of [η
2
 - Ph2P(O)(CH2)2C(O)NMe2]TiF4 single crystal showed that 

this compound contains four crystallographically independent complex molecules of similar 

structure which have only slightly different bond distances between the ligands and the central Ti 

ion and noticeably different geometries of the seven-membered chelated rings. The results of 

quantum-chemical optimization for the experimental parameters of all four molecular structures 

led to one theoretical structure practically coinciding with structures 1-2. 

Table 

 Selected bond lengths and bond angles according to the X-ray diffraction study and quantum 

chemical calculations 

Bond lengths, Å 

and bond 

angles, deg 

Conformational isomers 

(η
2
-)TiF4(1)  (η

2
-L)TiF4 (2)  (η

2
-L)TiF4 (3)  (η

2
-L)TiF4 (4)  

Theoretical 

structure 

Ti - F
1
 (tr. to F) 

1,817(7) 

1,828(6) 

1,804(6) 

1,811(6) 

1,806(5) 

1,846(5) 

1,823(5) 

1,851(5) 

1,853 

1,839 

Ti-F
2
(tr. to OP) 1,820(7) 1,779(7) 1,782 1,807(5) 1,800 

Ti-F
3
(tr. to OC) 1,759(7) 1,811(7) 1,791 1,797(5) 1,785 

Ti-OP…L 2,029(7) 2,043(7) 2,049(7) 2,017(7) 2,185 

Ti-OC…L 2,093(7) 2,022(8) 2,053(6) 2,049(6) 2,307 

O-Ti-O 83,8 85,7(3) 85,0(3) 86,4(3)  

F
1
-Ti-F

1
 167,1 170,1(3) 168,6(3) 172,3(3) 156,6 

 

This work was supported by the Federal Agency of Scientific Organizations. 
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Cucurbit[n]uril is a relatively new class of macrocyclic compounds, actively studied in 

recent years. They are molecular containers made of glycouril monomers linked by methylene 

bridges. Of particular interest is the ability of cucurbiturils to form stable complexes "host-guest" 

with metal cations, as well as with the positively charged organic molecules due to the large 

negative charge on the carbonyl portals. 

As the "guest molecules" it is interesting to consider cationic polymethine dyes [1-3] 

containing in its composition the conjugate structure of an odd number of methine groups 

between the two nitrogen atoms with delocalized charge. It has been previously demonstrated [4] 

that the dye 1 in aqueous solution is present as trans-form, while the dye 2 is predominantly in 

cis-form, as indicated by the relative position of their absorption peaks in the spectra. 

 

 

S

NN
+

S

C
2
H

5
C

2
H
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Fig.1. The structural formula of 3,3'-diethylthiacarbocyanine (1) and its 9-methyl substituted (2) 

 

It is shown that the interaction of the dyes with cucurbit[8]uril results in the formation of 

stable inclusion complexes with the composition of 2:2, which is accompanied by the change in 

spectral-luminescent properties of the dyes. The resulting dimeric complexes demonstrate 

luminesce, the dimeric complex of the dye 1 exhibits both fast and delayed fluorescence, 

whereas the dimeric complex of the dye 2 is phosphorescent. Intensively luminescent complexes 

of polymethine dyes with cucurbiturils can be used as fluorescent labels in biologically-active 

media. 
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Nowadays, nanophosphors doped with rare earth elements attract considerable scientific 

and technological interest due to their excellent physico-chemical and luminescent properties. 

The most popular are the double and triple compounds consisting mainly of highly stable 

refractory components, for example the magnesium aluminum spinel (MAS, MgAl2O4). Spinel 

has a cubic crystal structure, thus optically isotropic and, besides its high melting point, excellent 

mechanical properties and corrosion resistance, it shows an outstanding transparency up the 

near-infrared frequency range even in the polycrystalline state. 

It is also known that structure, chemical and phase purity and luminescent properties of 

nanophosphors are strongly related to synthesis conditions. The determination of optimal 

parameters for obtaining mono-phased MgAl2O4:Eu
3+

 nanoparticles with high luminescence 

intensity is a pressing and complex scientific and technical task. 

Nanocrystalline magnesium aluminate spinel doped with Eu
3+

 ions was prepared by 

modified Pechini method which allows obtaining weakly agglomerated nanoparticles. Such 

modification of standard Pechini technique has already been used to synthesize various Eu
3+

 and 

Nd
3+

 doped oxides [1]. The using of two-step heat treatment and molten salt in the second 

calcination provides low agglomerated synthesized nanopowders. 

The complex structural analysis with XRD diffraction and Rietveld methods showed that 

all samples have cubic spinel phase without any structural impurities. According to the SEM and 

SLS analysis, prepared samples are weakly agglomerated and consist of near-spherical 

nanoparticles with average size of ~50 nm. The effect of synthesis conditions (calcination 

temperatures and durations) on structural, morphological and luminescence properties of 

MgAl2O4:Eu
3+

 nanopowders was studied The minimal first calcination temperature (T1) required 

for burning out of the organic components was defined as 600 °С/1.5h using the DTG analysis. It 

was found that the increase of the second calcination temperature leads to more perfect 

crystalline structure of the samples but reduces luminescence intensity. Dependence of 

calcination temperature on luminescence intensity was the same regardless of the excitation 

mechanism. Strong changes in the structure and luminescent properties of MgAl2O4:Eu
3+

 occur 

when the T2 is near 2/3 of MgAl2O4 melting temperature (T2=1200 °С). In this condition the 

spinel structure reaches an equilibrium state and the europium ions are displaced on the 

MgAl2O4 surface, which leads to the abrupt decrease of luminescence intensity and observed 
5
D0 

level lifetime. Radiative and nonradiative decay rates and Judd-Ofelt intensity parameters of 

MgAl2O4:Eu
3+

 powders were calculated using 4f–4f intensity theory. The optimal synthesis 

conditions of nanopowders with high luminescence intensity were defined as T1 = 600°С/1.5h Т2 

= 850°С/2h. 

 

Experimental investigations were carried out in “Center for Optical and Laser materials 

research”, “Research Centre for X-ray Diffraction Studies”, “Innovative Technologies of 

Composite Nanomaterials”, “Thermogravimetric and Calorimetric Research Centre”  

(St. Petersburg State University). 
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The new copper(II) complexes [Cu(HL
1
)(H2O)(CH3OH)] (1, H3L

1
 = (Z)-2-(2-(1,3-dioxo-

1-(phenyl-amino)butan-2-ylidene)hydrazinyl)benzoic acid) and [Cu(HL
2
)(H2O)(CH3OH)] (2,  

NaH2L
2
 = sodium (Z)-2-(2-(1,3-dioxo-1-(phenylamino)butan-2-ylidene)hydrazinyl) benzene-

sulfonate) were synthesized and characterized by IR and ESI-MS spectroscopies, elemental and 

X-ray crystal structural analyses (Scheme 1) [1]. The coordination environment of the central 

copper(II) has a square pyramidal geometry, three sites being occupied by (HL
1,2

)
2−

, which 

chelates in the O,N,O fashion, while the two other sites are filled with the water and methanol 

ligands. Multiple intra- and intermolecular non-covalent interactions between the (HL
1,2

)
2−

, water 

and methanol ligands lead to supramolecular network.  

 

  
1 2 

Scheme 1. Schematic representation of 1 and 2. 
 

Both compounds 1 and 2 act as homogenous catalysts for the cyanosilylation reaction of 

a variety of both aromatic and aliphatic aldehydes with trimethylsilyl cyanide affording the 

corresponding cyanohydrin trimethylsilyl ethers in high yields (up to 90 %) and at room 

temperature (Scheme 2). 

 
Scheme 2. Cyanosilylation of aldehydes.  

This work was supported by the Ministry of Education and Science of the Russian Federation 

(the Agreement number 02.a03.21.0008) and Baku State University. 
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Three new water-soluble copper(II) complexes [Cu(HL)(H2O){(CH3)2NCHO}] (1), 

[Cu(H2L)2(im)4]·CH3OH (2) and [Cu(HL)(CH3OH)]2(μ2-py) (3) were synthesized from 

copper(II) nitrate and sodium (Z)-2-(2-(1,3-dioxo-1-(phenylamino)butan-2-

ylidene)hydrazinyl)benzene-sulfonate (NaH2L), in the absence (for 1) and presence of imidazole 

(im) (for 2) or pyrazine (py) (for 3), and fully characterized by IR and ESI-MS spectroscopies, 

elemental and X-ray crystal structural analyses (Scheme 1) [1].  

 
Scheme 1. Schematic representation of 1−3. 

 

All complexes 1−3 have been tested as stereoselective C−H activating catalysts for the 

model nitroaldol (Henry) condensation of nitroethane with various aldehydes in water (Scheme 

2). 1 was the most active catalyst affording 64−87% yields with syn/anti diasteroselectivities up 

to 77:23. 

 
Scheme 2. Cyanosilylation of aldehydes.  

This work was supported by the Ministry of Education and Science of the Russian Federation 

(the Agreement number 02.a03.21.0008) and Baku State University. 
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The present work is devoted to a research of the influence of preparation conditions and 

Eu
3+

 concentration on the structure and luminescent properties of KGd1-xEux(MoO4)2 (0≤x≤1) 

solid solutions. 

White light-emitting diodes (WLEDs) are a promising solid-state lighting source (SSL) 

bound to replace conventional incandescent and fluorescent lamps. They have attracted a lot of 

attention due to their high reliability, long lifetime, low energy consumption and environment 

friendly characteristics. Rare earth elements doped molybdates and tungstates with the scheelite-

type (CaWO4) structure have a large potential for use in WLEDs. Molybdate and tungstate 

phosphors have broad and intense absorption bands due to charge transfer (CT) from oxygen to 

metal in the near-UV region. Some scheelite-type compounds, such as PbMoO4, KGd(WO4)2, 

NaBi(WO4)2 and MWO4 (M = Pb, Cd, Ca) are well known and used while other materials with 

Eu
3+

 cations are often proposed as potential red-phosphors for WLEDs.  

α-KGd1-xEux(MoO4)2 (α-KGEMO) solid solutions were synthesized from stoichiometric 

amounts of Gd2O3, Eu2O3, K2CO3 and MoO3 by a routine ceramic technique in alumina crucible 

at 923 K for 20 h in air followed by slow cooling (SC) in the furnace from 923 K to room 

temperature (TR). Powder X-ray diffraction (PXRD) patterns of all α-KGEMO are similar to the 

pattern of anorthic P  α-KEu(MoO4)2. Substitution Gd
3+ 

(rVIII = 1.053Å) by Eu
3+

 (rVIII = 1.066Å) 

leads to an increase of unit cell volume. The broad features of the photoluminescence excitation 

spectra (PLE) spectra for the Eu
3+

 emission in α-KGEMO (0.1≤x≤1) are in general linked to host 

related mechanisms like charge transfer (CT) states and point to an energy transfer between the 

host matrix and the luminescent ion.  

The changing of the Eu
3+

 concentration did not change significantly peak positions and 

peak shape on photoluminescence emission spectra (PL), but the 
5
D0 → 

7
FJ (J = 0–2) emission 

intensities depended on x reaching maxima for x = 0.5 after excitation at the CT band (300 nm) 

and at the 
7
F0 → 

5
L6 transition (395 nm). The polycrystalline α-KEu(MoO4)2 was used as a 

reference. At the same time, the change in the excitation from 395 nm to 300 nm for the α-

KGEMO leads to a significant increase in the luminescence intensity. Thus, the revealed change 

in the luminescence intensity in the range of the 
5
D0 – 

7
F2 transition for α-KGEMO with a change 

of λex from 395 to 300 nm shows that, for the 0.1≤x<1, the luminescence excitation mechanism 

involving charge transfer to luminescent centers (Eu
3+

) is more efficient than direct excitation of 

luminescent centers, as is the case for α-KEu(MoO4)2 phase. 

Annealing of α-KGEMO at 1073 K in air followed by SC from 1073 K to TR leads to a 

mixture of solid solutions with the anorthic P  and monoclinic I2/b(αβ0)00 structures for x=0.8 

and x=0.9 while PXRD patterns for 0≤x≤0.7 practically do not change. Higher annealing 

temperature leads to strong changes in the PLE and PL spectra. The transformation of 

KEu(MoO4)2 from a low temperature anorthic α-phase to a monoclinic high temperature –phase 

with an incommensurately modulated structure is accompanied by decreasing of the 
5
D0 – 

7
F2 

luminescence intensity. The CT band intensity drastic decreases and thus the direct excitation 

mechanism is a most efficient as compared to the charge transfer mechanism between the host 

matrix and the luminescent ion.  
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Currently, a salts containing tetracyanoallyl (TCA) anion have received considerable 

attention. TCA salts can be applied for creating materials with potentially useful properties, such 

as magnetic, thermo- and photochromic, semiconducting and photomagnetic. 

A new representatives of TCA salts - 2-acyl-1,1,3,3-tetracyanopropenides (ATCN) have 

systematically studied by our research group. These compounds can be easily obtained from 

readily available methylketones, malononitrile, bromine, and metal acetates [1]. 

We investigated the crystal structure and luminescent properties of 20 ATCN salts, 

containing Li-Cs as cation and Ph, 4-MePh, 4-MeOPh or 4-BrPh group in acyl fragment.  

Single crystal X-ray diffraction reveals that there are eight crystal packing types, most of 

them are 2D layered. Some salts were obtained as two crystal polymorphs (α modification is 

thermodynamically stable, β is metastable) with different structure. 

 

 

 

 

 

 
Type of crystal packing and λmax (NL = non luminescient, λex = 430 nm) for ATCN 

 

Substitutients in acyl fragment 

Ph 4-MePh 4-MeOPh 4-BrPh 

Li
+
 

1a (type 6), 1D 

chain struct., λmax 

513 nm 

1b (type 1), NL 
1c (type 2), λmax 518 

nm 

1d (type 3), 2D 

layered struct., λmax 

528 nm 

Na
+
 

α-2a (type 5), 2D 

layered struct., λmax 

519 nm 

α-2b (type 5), NL 
2c (type 1), λmax 495 

nm 

2d (type 7), 3D 

struct., NL 
β-2а (type 1), 2D 

layered struct. 

β-2b (type 3), λmax 

518 nm 

K
+
 

α-3a (type 5), NL 3b (type 2), 2D 

layered struct., λmax 

522 nm 

α-3с (type 1), NL α-3d (type 1), NL 

β-3а (type 1), λmax 

471 nm 

β-3с (type 2), λmax 

529 nm 

β-3d (type 2), λmax 

525 nm 

Rb
+
 

4a (type 4), 3D 

struct., NL 

4b (type 2), λmax 495 

nm 

4c (type 2), λmax 525 

nm 
4d (type 4), NL 

Cs
+
 5a (type 4), NL 

5b (type 2), λmax 507 

nm 

5c (type 5), λmax 486 

nm 

5d (type 8), 3D 

struct., NL 

 

 

This work was supported by the Russian Foundation for Basic Research  

(grant № 16-33-60135 mol_a_dk). 
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Heterometallic carboxylates containing one of the metal atoms as a part of organometallic 

ligand represent a poorly studied type of compounds. In recent years we have obtained Mn-Ln-

heterometallic complexes containing cymantrenecarboxylate ligand CymCO2ˉ (Cym = (η
5
-

C5H4)Mn(CO)3); their structures and physicochemical properties were studied [1-4]. 

It was found that in aqua-organic media, in which the lanthanides form coordination 

polymers [1, 3], the transition metals give rise to the isostructural complexes 

[M(H2O)6](CymCO2)2·4H2O (M = Co (1), Ni (2), Zn(3)) built of the isolated ions. In presence of 

various organic ligands in different organic media the complexes [Co(CymCO2)2(bpy)2]·2PhMe 

(4), [Co(CymCO2)2(imidazole)2] (5), [Ni(CymCO2)(bpy)2(H2O)][CymCO2]·0.5MePh·2H2O (6), 

[Cu(CymCO2)2(imidazole)2] (7), [Cu(CymCO2)2(bpy)(H2O)] (8), [Fe3(CymCO2)6(bpy)2]·2PhMe 

(9), and [HNEt3][(VO)6(SO4)O(CymCO2)3(MeO)6(MeOH)2]·5H2O (10) showing structural 

diversity were obtained (Figs. 1, 2). Complexes 5 and 6 display the properties of field-induced 

single molecule magnets. Thermolysis of the complexes 1-8 in air brings about the spinels 

MMn2O4 which are valuable magnetic materials. 

 

  
        Fig. 1. Molecular structure of 9.                       Fig. 2. Structure of the anion in 10. 

 

The work was supported by the Presidium of the Russian Academy of Sciences. 
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Macroheterocyclic ligands with both tetrapyrrolic and crown ether subunits present 

considerable interest both for fundamental coordination chemistry and for practical applications. 

They can be used as chemical sensors, in self-assembly processes, in modelling of enzymatic 

processes, etc. 

Our group studies crown-fused tetraphenylporphyrins: 1 and analogs with larger crown 

cavities. These promising ligands can form multi-nuclear complexes with d-metals bound to the 

tetrapyrrolic core and alkaline/alkaline earth metals – to oxygen atoms of the crown subunits. 

O

O

O

N

NHNH

N
O

O

O

(1)
 

However, the yields of the ligands are quite low (≤11%). We have found that the addition 

of vanadyl sulfate improves the yields. Other metal cations, such as Zn
2+

, did not give such 

results. We performed quantum chemical calculations (Priroda, DFT PBE/3z) to evaluate the 

energy of the tetrapyrrolic core distortion in 1 and its vanadyl porphyrinate (the energies of the 

corresponding dianions were calculated). When vanadyl is inserted in the core, its total energy is 

lowered (and stability increased) by 0.34 kcal/mol.  

Several geometrical isomers are possible for such a porphyrinate (Fig 2a-c). We isolated 

a VO
2+

 complex and determined its structure by X-ray analysis. The isolated crystals possess the 

structural type of 2a. However, calculations show that structure 2b is most stable of the 3 types, 

probably due to CH…O=V interactions. The energy difference between 2b and 2a is 0.73 

kcal/mol. The transoid structure 2c is the least favorable (by 1.92 kcal/mol compared to 2a). 

When VO
2+

 is replaced by Zn
2+

, the corresponding cisoid molecules have virtually the same 

calculated energy, while the transoid one is 1.5 kcal/mol less favorable. 

We are currently improving our calculations using various solvation models. 

 
                      a                                      b                                              c           

Fig 2. Models of VO-porphyrinates. Hydrogen atoms are not shown for clarity. 

Equipment of the Shared Research and Educational Center of Physico-Chemical Studies 

of New Materials, Substances and Catalytic Systems, Peoples’ Friendship University of Russia, 

was used in the current study.   
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The aim of this work was to study the complexation of Zn(II) ions with high molecular 

weight heparin and amino acid (proline) in a molar ratio of 1: 1: 1 using pH titration (background 

electrolyte 0,15 M NaCl; temperature 37 °C) and methods of mathematical modeling of chemical 

equilibria (algorithms New DALSFEK, AUTOEQUIL and HYPERQUAD 2008). 

It was considered that the high molecular weight heparin forms monoligand and 

polyligand complexes with Zn(II) ions (caused by a number of factors: the conformation of the 

polymer chain, steric factors) monomer unit of heparin in this case acts as tetradentate ligand. 

 

 
Monomer disaccharide unit of heparin 

 

As the result, after processing of titration curves using methods of mathematical 

modeling of ternary systems: metal ions – heparin – amino acids were obtained equilibria 

models, including the most likely possible forms. Equilibriums, forms and the corresponding 

stability constants are shown in the table below: 

Equilibrium lgβ 

Hep
4-

 + Pro
-
 + Zn

2+
 ↔ ZnHepPro

3-
 9.54 ±  0.29 

Hep
4-

 + H
+ 

 + Pro
- 
 + Zn

2+
 ↔ ZnHepHPro

2-
 16.26 ±  0.31 

 

All efforts demonstrated in this paper are focused on complex ion-molecule equilibria, 

which involve Zn(II) ion, high molecular weight heparin, as well as amino acid (proline). 

Particular interest for us is the synthesis and structural identification of ternary metal complexes 

due to possibility of their use in medicine. 
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2, 6-dithiol-4-ethylphenol (DTEP)  in the presence hydrofobic amins gave instantaneous 

and stable blue colour with Copper(II) in the pH range 6.2 to 7.7. As hydrophobic amine phe-

nantroline (Phen), batophenantroline (BPhen) and dipiridile (Dip) were used. 

Cu(II) reacts with DTEP and gives a yellow colored complexes. These complexes are 

insoluble in non-polar solvents. When hidrophob amins (Am) were introduced into the system, 

the extraction of these compounds into the organic phase as a mixed-ligand complex (MLC) was 

observed. 

The extraction of the complex has been tried with several solvents: chloroform, 1, 2-

dichloroethane, tetrachloromethane, dichloromethane, benzene, chlorobenzene, toluene, xylol, 

isobutanol, isoamyl alcohol, cyclohexane, ethyl acetate, 1-butanol, isoamyl acetate and their mi-

xes. Extractibility of complexes was estimated in coefficient of distribution and extent of extrac-

tion. Fast division of layers and the maximum value of molar coefficient of absorption were 

received at extraction of complexes by chloroform. After a single extraction with chloroform, 

97,8-98,5% of copper was extracted as an ion associate (in a case the dichloroethane and carbon-

tetrachloride was removed 95,6 - 96,6% of Copper).  

The absorption spectrum of Cu(II): DTEP in chloroform shows the maximum absorption 

at 475 nm. Maximum absorbance of MLC is observed at 534-540 nm. Molar coefficients of 

absorption make (3.61 - 4.82) · 10
4
 dm 

3
 · mol

–1
· cm

–1
. 

For the formation and extraction of MLC, a 10-15-fold excess of complexing reagents is 

required; for example, theoptimal conditions for formation and extraction of these compounds 

are provided by 0.8x10
-3

 M DTEP and 1.0 x10
-3

 M Am.  

Starik-Barbanel relative yield method, equilibrium shift method, crossed lines method 

and Asmus’ methods were employed to elucidate the composition of the complex. It shows that 

the composition of Cu(II) : DTEP : Am complex is 1:1:1. 

The disappearance of the pronounced absorption bands in the 3200-3600 cm
-1

 with a 

maximum at 3460 sm
-1 

observed in the spectrum of DTEP, says that the -OH group is involved 

in the formation of the complex. The observed decrease in the intensity, absorption bands in the 

area 2580 sm
-1

 shows that one of the -SH groups involved in the formation of coordination bond 

in the ionized state. Detection of the absorption bands at 1360 cm
-1

 indicates the presence of a 

coordinated phenantroline. 

It was found using the Nazarenko method that Cu(II) in the complexes was present in the 

form of Cu
2+

. The number of protons replaced by cobalt in one DP molecule appeared to be one.  
The stability constant of  Cu(II)-DTEP-Am complexes was calculated and found to be 

lgβ  = 10.52-10.96 at room temperature. The made calculations showed that MLC in an organic 

phase won’t be polymerized and are in a monomeric form (γ = 1.04 - 1.09).  

The adherence to Beer’s law was studied by measuring the absorbance value of the series 

of solutions containing different concentrations of the metal ion. A linear calibration graph 

drawn between absorbance and the metal ion concentration indicates that Cu(II) may be 

determined in the range 0.05-3.8 µg/ml.  

The proposed method was successfully applied  for the determination of  copper  from 

various pharmaceutical, food and in plant sample.  
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This work continues our studies [1,2] devoted to the synthesis and study of physical and 

chemical properties of new complex compounds based on dibenzoazapiperidino-14-crown-4-

ethers with biologically important metal salts. 

Recently we obtained new complexes of lithium nitrate, zinc chloride and nickel nitrate 

with carboethoxy-substituted 14-crown-4 ethers. Coordination compounds were isolated by co-

crystallization from organic solvents as powders in case of lithium and zinc ions and single 

crystals in case of nickel(II). Our attempt to synthesize the corresponding calcium complex was 

unsuccessful, but the presence of calcium cations in the solution allowed to isolate single crystals 

of the ligand. 

The substances were identified by elemental analysis (EuroEA Elemental Analyzer), 

infrared spectroscopy (FT 801), and AES data (Cary 50). Precise information about the 

elementary cells parameters of the ligand and its complex compounds was obtained by powder 

diffraction analysis (Miniflex600). Complex studies of single crystals of carboethoxy-azacrown 

ether and its complex compound with Ni(II) cations were carried out using synchrotron radiation 

at "Belok" and "RKFM" stations in NRC «Kurchatov institute». The structures of the organic 

ligand containing carboethoxy subunit and the nickel complex compound ([Ni3(NO3)4L4]2
.
NO3) 

were solved using the data of the X-ray diffraction pattern. This allowed to evaluate the 

structural features of the ligand and its changes in the process of complexation. The presence of 

the nickel atoms in the complex compound was confirmed by X-ray fluorescence analysis. 

 
Pic 1. Crystal structure model of complex compound of Ni(II) cation with  

carboethoxy-azacrown ether. 
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Natural amino acids exhibit optical activity, i.e. are in the form as D- and L-isomers, the 

vast majority of them belong to L-series. It is known that in the human body are digested and are 

involved in biochemical processes only L-isomers amino acids [1]. 

It is interesting to study chemical properties demanded by the nature of the L-isomers of 

N-(carboxymethyl)aspartic acid (L-СMA) in comparison with chemical properties of the 

racemate. This was carried out the synthesis of L - СMA by heating in a water bath solution 

containing L-aspartic acid, chloroacetic acid, and lithium hydroxide. The solution was then 

cooled and acidified using was acidified with HCl to a pH of 2-2.5 for precipitation. 

 

Table. The negative logarithms of the concentration and speed of acid dissociation constants of 

D,L- СMA, L- СMA I=0,1 (KNO3), T=25C. 

 pk1 pk2 рk3 

D,L- СMA [2] 2.580.04 3.850.06 9.650.04 

L- СMA 3.320.02 4.400.03 10.420.03 

 

The table shows the logarithms of the concentration step acid dissociation constants L-

СMA and D,L- СMA. 

It should be noted the high basic nitrogen atom of L- СMA (pK4 = 10.42), which can 

probably be explained by the fact that the separation of the betaine hydrogen from the amino 

group of L-isomer in the titration, you must first break the loop formed by the ionized α-carboxyl 

group and a protonated amine group with a water molecule, included in this cycle by hydrogen 

bonds: 

 
The СMA is an environmentally friendly chelating agent, derivatives of succinic acid 

possessing biologically active properties. Complexes metals can be used as microelement 

fertilizer, as catalysts of reactions of a metabolism, as stabilizers unusual oxidation states of 

metals, as a vehicle of physiologically important molecules, atoms and cations through the 

membranes of cells, and the L-isomer has found application as a sorbent for dissymmetrical 

splitting racemates method legendable chromatography [3]. 
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The extractability of a metal chelate in the solvent extraction is often enhanced by the 

addition of a neutral ligand such as amine, dimethyl sulfoxide, organophosphorus or heteroeyclic 

compound. Copper(II) was chosen as an acceptor matrix, because he formed stable complexes 

with these amines. First, the complex should be mononuclear (monomeric) because polynuclear 

species are usually not highly volatile. To tackle this problem, we have developed hydrogen-

bond driven assembly of metal complexes [1,2]. 

 Synthesized complex copper (II) with ethylenediamine (L) and studied by X-ray crystal 

structure. Coordination nickel atom environment (II) is formed by four nitrogen atoms of two 

ethylenediamine ligands in the equatorial positions and two atoms of oxygen in the water in axial 

positions. Coordination polyhedron of Cu- distorted octahedron. The crystal structure consists of 

isolated mononuclear complexes of composition [C8H30CuN6O8]. Between the complexes are 

observed only vander Waals contacts. 

Synthesis. To a solution of 0.20 g (0.001 mol) Cu(CH3COO)2 2⋅H2O in 50 ml of water 

was added a solution of 0.12 g (0.002 mole) L in 40 mL of ethanol. The resulting blue colored 

solution was heated in air at room temperature for a week. The precipitated green crystals was 

filtered, washed with water and then dried on the air. Yield 70%. X-ray diffraction study of 

compound was performed on diffractometer Bruker APEX II CCD (T = 293 the K, MoKα 

radiation, graphite monochromator, φ- and ω- scans 2Өmax = 56 °) 

For anal C8H30CuN6O8     calcd., %: C, 23.88; H, 7.46; N, 20.90; O, 31.84. 

                                         Found, %: C, 23.97; H, 7.51; N, 20.98; F, 31.92. 

Table 1.  Crystal data and structure refinement for [C8H30CuN6O8]. 

Crystal data structure refinement  

Formula weight  401.92 

Temperature, K 293 

Crystal system monoclinic 

Space group C 2/c 

Unit cell dimensions, Å a = 19.3225(9), b = 9.6965(5) , c = 10.1761(5)   


 113.6980

0 

Z  4 

Volume, Å
3
 1745.83(15) 

, мм 0,95 

Crystal size,  мм 0.32 x 0.30 x 0.29 

R-faktor (to all) R1 = 0.0254, wR2 = 0.0699 

GOOF to F
2 

1.000 

Fiq.The structure of the complex and the numbering of the atoms 

 
 

[1]. L. Bao-Long, L Jian-Ping, C.Jing, Z.Yong and Z.Li-Min Chin.J.Chem, 2003. ,21, 520 

[2]. I.Yeltsov, V.Ovcharenko, V.Ikorskii, G.Romanenko and S.Vasilevsky Polyhedron  2001, 20, 

1215–1222.  
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potential antitumor therapeutic agents 
 

Mazhuga M.P., Plodukhin A.Yu., Makarov M.M., Krasnovskaya O.O., Zyk N.V., Beloglazkina 
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e-mail: mashamaj@gmail.com 
 

The discovery of cisplatin in 1965 was outbreak of wide-ranging application of the metal-

containing drugs effective for the cancer treatment. However, there are several disadvantages in 

platinum drugs therapy due to its high toxicity. Despite their success, cisplatin-based therapies 

suffer from intrinsic and acquired resistance mechanisms appearing after repeated 

administrations of the drug [1]. The majority of studies have been reported focused on the Cu(II) 

[2] and Pt(II) complexes and their interaction with DNA being a potential anticancer drug [3]. In 

those researches, bifunctional ligands were observed in order to increase the activity of the DNA 

cleavage complex as compared with the Cu(II) complexes. Cisplatin enter cells by passive 

diffusion or using transporters (CTR1) – a significant one being the copper transporter. To 

account for all mentioned above, the study of Cu(II) and Pt(II) binuclear complexes draws a lot 

of attention nowadays.  

2-Thiohydantoins are promising class of heterocycles compounds and their Cu(II) 

complexes are known to be potent as anticancer drugs. Recently, our laboratory synthesised 

Cu(II), Cu(I) complexes that are currently under preclinical developments as molecules for 

treatment of triple negative breast cancer [4]. In this research, taking into account cytotoxicity of 

Pt - drugs, we aimed to design novel binuclear Cu(II) – Pt(II) containing coordination 

compounds of 2-thiohydontoins. We have already synthesised 3 novel ligands, containing 

carboxylic, amine or azide exocyclic functional groups for further functionalization with Pt salts:  

 
Cu(II) - Pt(II) compounds represent the novel class of metal-based anticancer drugs. They are 

expected to have the comparable or better antitumor activity of known Pt drugs. Detailed results 

of biological study will be presented. 

 

This work was supported by the Russian Foundation for Basic Research (grant № 16-33-60166). 
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According to published data is known the formation of complex sulfides of composition 

BaLn2MnS5 (Ln = La - Nd) [1-5]. The data of the existence of phase at a ratio of initial 

components 1BaS:1Ln2S3:1MnS for series of rare earth elements Sm - Lu not detected. 

BaSm2MnS5 BaGd2MnS5 compounds and are not formed that is reported at works [6, 7]. The 

configuration of the valence shells of atoms of terbium 4f95d06s2 and terbium appears 

immediately 2 additional electron on the 4f sublevel compared with gadolinium atom. The aim 

of this work is a study of a sample containing 33.3(3) mol.% BaS-33.3(3) mol.% Tb2S3-33.3(3) 

mol.% MnS, obtained at different time-temperature conditions. Learning the sample belongs to 

quasi-binary section MnS - BaTb2S4 ternary BaS – MnS – Tb2S3 system. At the diffraction 

pattern of the sample cooled from the melt, there are only characteristic peaks of MnS for 

(structural type (ST) NaCl) and BaTb2S4 rhombic structure (ST CaFe2S4). At the microstructure 

of the prepared surface of sample is contains 2 phases. The most part occupy oval-round primary 

crystallized BaSm2S4 grains, traces of the eutectic mixture between the grains are found. 

Annealing of the cast sample pieces for 1 hour at a temperature of 1470 K and 1270 K at 2250 h 

did not lead to a change in the phase composition. The diffraction patterns of the samples are 

qualitatively similar to the diffraction pattern of the sample cooled from the melt: were identified 

reflexes characteristic BaSm2S4 and MnS (Figure 1). The samples that annealed are 

heterogeneous according to the microstructural analysis. Research of the sample 1 

BaS:1Tb2S3:1MnS by X-ray and microstructural analysis showed the absence of a complex of 

sulfide BaTb2MnS5 when cooled from the melt and annealing at 1470 K and 1270 K. 

 
Fig.1. Diffraction pattern of the sample composition 1BaS: 1Tb2S3: 1MnS, annealed at 1270 K 

during 2250 hours. Conditions: CuKα radiation (λ1 = 1.5406 Ǻ), Ni-filter 
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Pyrazole-containing compounds have a wide range of useful properties [1]: substituted 

pyrazoles are components of the some drugs (Celecoxib, Aminophenazone, Antipyrin) or exhibit 

fungicidal activity. Recently it was discovered that the palladium and platinum complexes with 

ligands pyrazole demonstrate significant anticancer and specific catalytic properties [2,3].   

We have proposed a new effective method of synthesis of sulfur-containing ligand - 3,5-

dimethyl-4-((benzylsulfanyl)methyl)-1H-pyrazole 1 through multicomponent reaction of 2,4-

pentanedione, formaldehyde, benzylthiol and hydrazine hydrate. 

 
Interaction between the palladium and platinum salts is implemented with the reagent 1 

with the selective formation of N-complexes 2 and 3, the structures of which were set on the 

basis of 
1
H NMR, 

13
C, 

15
N, and elemental analysis. In the IR spectra of the complexes 2,3 there 

are the absorption bands in  region 477 (Pd-N) and 476 (Pt-N) cm
-1

 that confirm the metal 

coordination to the pyrazole ring nitrogen atoms between the two molecules of 1. It was found 

that the obtained compounds have a low toxicity and products 1-3 are of interest as 

antiinflammatory and antitumor agents (in silico calculations). 

 

This work was supported by the Russian Foundation for Basic Research  

(grant № 14-03-00240_A, 14-03-97023 r_ Povolzhie_а). 
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An effective approach to the creation of new drug candidates with improved 

pharmacokinetic profiles is the design of new structures by molecular hybridization of 

compounds of various classes. In recent years, the 1,2,5-oxadiazole-2-oxide (furoxan) motif has 

been the subject of increased attention owing to the ability of furoxans to release nitric oxide 

(NO). A family of hybrid hetarylfuroxan structures representing a combination of various 

pharmacologically active compounds with furoxan ring in one molecule was synthesized [1]. 

However, the utilization of furoxan derivatives as complexating agents is rather neglected. 

In our study we have synthesized a series of novel furoxan complex structures 1-7 based 

on the complexation of pre-functionalized furoxan unit L
1
 or L

2
 with an appropriate d-element 

(Cd or Ni). The ratio of ligand : metal was found to be 2:1 irrespective of the ligand and 

transition-metal character. 

 
Interestingly, complexation of furoxan L

1
 with Cd(NO3)2 in acetone afforded complex 8 

containing hydrazone units linked to the furoxan cycle as a result of condensation of amino 

groups in initial ligand with acetone. Surprisingly, complexation of hydrazone L
3
 with Cd(NO3)2 

did not result in complex 8 formation. 

 
                                                                             

 

The structure of complex 8 was unambiguously 

determined by X-ray diffraction study. According to 

X-ray data, Cd atom is in pseudo-octahedron 

surrounding consisting of NO3-anions and N and O 

atoms of hydrazone moieties as neutral ligands. 

 

 

This work was supported by the Russian Foundation for Basic Research (grant № 16-33-00564). 
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The study of complexes of osmium(IV): [H(dmso)2][OsX5(dmso)] (X=Cl, Br) 
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Dimethyl sulfoxide complexes attract attention of researchers in recent decades because 

they are of interest for both pure and applied chemistry. The complexes can be used as 

homogeneous catalysts or precursors of various compounds. Osmium compounds are relatively 

poorly studied among dimethyl sulfoxide complexes of platinum-group metals.  

 This abstract presents the results of the study of osmium complexes: 

[H(dmso)2][OsCl5(dmso)] (1) [1], [H(dmso)2][OsBr5(dmso)] (2). The synthesized complexes 

were characterized by IR, UV/Vis and NMR spectroscopy and X-ray diffraction. 

 The ATR IR spectra of compounds 1 and 2 exhibit wide bands absorption of cations 

ν(S=O…H...O=S) at 722 and 724 cm
-1 

and ν(SO) of O-coordinated DMSO at 878 and 890 cm
-1

, 

respectively, and vibrations of CH3-groups ρ(CH3) at 1029, 1034 cm
-1

, δ(CH3) at 1422 cm
-1

; in 

FIR spectra ν(Os-Cl) is observed at 312 and ν(Os-Br) at 215 cm
-1

. 

 Behavior of complexes 1 and 2 in various solvents was studied by  UV/Vis spectroscopy.  

 

 
Fig. 1. UV/Vis spectra of solutions of 1 and 2 in DMSO. 

 

 The target compounds are well soluble in DMSO, water, ethanol, acetone, DMF have 

similar spectra and differ than that of [OsX6]
2-

 ions. Complex 1 is quite stable in these solvents, 

even after 8 days noticeable changes in the electronic spectra not observed. Compound 2, in 

contrast, is labile in solution. (fig.1).  

 NMR 
1
H spectra in DMSO-d6 contain singlets at 2.54 ppm of free DMSO and 3.87 (1) 

and 3.49 (2) ppm of O-coordinated DMSO, which agrees well with the 
13

C spectra, which 

contain signals of free DMSO at 40.43 ppm, and signals at 87.8 ppm (1) and 93.2 (2) ppm is 

related to dmso-O, these shifts are associated with the presence of the compound of osmium in 

the oxidation state +4. 
 According to X-ray diffraction analysis crystals belong to orthorhombic space group 

Pca21 (1) and Pbca (2). The complexes are composed of a cation [H(dmso)2]
+
 and anions 

[OsCl5(dmso)]
–
 [OsBr5(dmso)]

–
. In the complexes the coordination of DMSO molecules to the 

metal through the oxygen atom. The structure of the cation [H(dmso)2]
+
 is symmetric. The 

difference is that in the case of the chloride complex of sulfur atoms are located in cis-position 

relative to the line strong O...H...O hydrogen bonds, bromidem same complex they are in trans-

position. 
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Icosahedral carboranes are an interesting class of exceptionally stable boron-rich clusters 

that can be linked with three-dimensional (3D) aromatic character of such compounds. Unique 

chemical and physical properties of carborane species, such as rigidity, high stability to air and 

moisture allowed to incorporate these molecules into a variety of materials, such as biologically 

active molecules, ceramics and polymers, light-emitting materials, electricity sources, and to 

access a set of properties not normally available in carbon chemistry.  

The remarkable feature of the o-carborane (1,2-closo-C2B10H12) is an ability to undergo 

polyhedral rearrangement (at 450 °C) which has been of the interest for many years since the 

first report of ortho to meta-carborane transformation [1]. Coordination of metals to carboranes 

appears to lower the rearrangement barrier and thereby allows investigating cage isomerizations 

at RT or even at lower temperatures [2]. Although numerous metallacarborane rearrangements 

were reported, this information has a fragmentary character that makes its systematization 

unavailable due to the different organometallic fragments and carborane ligands used. 

 

 
 

We report the synthesis of new complexes of relative charge-compensated carborane 

anions with common organometallic fragments and their thermo-induced isomerization 

reactions. The temperature at which synthesized complexes undergo isomerization depends on 

the nature of metal atom, its oxidation state and emplacement of SMe2 moiety in carborane 

ligand. Moreover, rearrangement may lead to the exclusive formation of type a complex 

(1,2→1,7 carbon atoms isomerization scheme) or to the mixture of type a and type b (1,2→1,2 

scheme) products. A new mechanism of 1,2→1,2 isomerization was proposed on the basis of 

DFT calculations. 

 

This work was supported by the Russian Foundation for Basic Research (grant № 16-33-00166). 
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Dehydrogenative coupling reactions forming E–E’ bond are central to the development of 

many areas of main group chemistry. These reactions have a wide range of important 

applications in terms of both the main group element products formed and the H2 gas released 

[1]. Dehydrocoupling to form Si–E bonds (Scheme 1) is an area of significant interest given the 

diversity of applications of compounds such as silicones and silazanes ranging from construction 

materials through to elastomers and medical applications. Thus the catalytic formation of 

silicon–element bonds represents a rapidly developing area [2,3]. Most of the modern studies 

rely on the use of Lewis acids, whereas a series of earlier works reports the use of organic bases 

as a dehydrocoupling catalyst [4,5].  

 

 
 

Scheme 1 

 

The intermediacy of dihydrogen bonds, E-H∙∙∙H-X, in H2 from transition-metals and 

main-group elements hydrides is well established [6]. In this work we present the results of our 

studies of dihydrogen bonding and other intermolecular interactions involving phenylsilanes 

PhnSiH4-n (n = 1-3) as well as their role in amine-catalyzed dehydrocoupling. The experimental 

study was performed using variable temperature (190-298 K) IR and NMR (
1
H and 

29
Si) 

spectroscopy in non-polar solvents (hexane, toluene) in combination with quantum chemical 

calculations. The results obtained allow suggesting the detailed reaction mechanism taking into 

account various intermolecular interactions. 

 

This work was partially supported by the Russian Foundation for Basic Research  

(grant № 16-03-00324). 
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Hybrid layered compounds have been prepared in which conducting organic layers 

composed of π-donors of the tetrathiafulvlene family alternate with nonconducting inorganic 

layers formed by cadmium halides anions. Bis(ethylenedithio)tetraselenafulvalene (BETS) and 

bis(ethylenedithio)tetrathiafulvalene (ET) were used in syntheses.  

 

 
                                                                             

The products were synthesized by electrochemical oxidaion of appropriate 

tetrathiafulvalene in the presence of [Bu4N]CdI3, [Bu4N]CdBr3 and [Bu4N]2CdBr4 as supporting 

electrolytes. Iodocadmiates of the tetrathiafulvalenes were prepared in 1,1,2-trichloroethane, the 

compounds of (BETS)3Cd2I5, (ET)4Cd5I12 and (ET)2CdI3 composition being isolated. 

Bromocadmiates of the tetrathiafulvalenes were synthesized in chloro, bromo- and fluoro-

benzenes, о-dichlorobenzene, chlorocyclohexane, and 2-halogenotoluenes as solvents. 

(BETS)3Cd2Br7(H2O)x, (BETS)4CdBr4(C6H4Cl2), (ET)3CdBr4 and a series of isostructural 

compounds (ET)4CdBr4(solvent) (solvent = C6H5F, C6H5Cl, C6H5Br, C7H7Cl and C7H7Br) were 

prepared. 

The compounds obtained have layered structures. Conducting organic layers are built of 

stacks of ET or BETS molecules. Nonconducting inorganic layers in (ET)4Cd5I12 are formed by 

CdI6 octahedra and CdI4 tetrahedra interlinked in a two-dimensional anionic network. This 

compound can be attributed to layered perovskite-like structures. Nonconducting inorganic 

layers in (ET)2CdI3 are built of [Cd2I6] dimeric anions with tetrahedral configuration of cadmium 

atom bonds. In (BETS)4CdBr4(C6H4Cl2) and (ET)4CdBr4(solvent), nonconducting inorganic 

layers are built of [CdBr4] anions of tetrahedral geometry and solvent molecules, and in 

(ET)3CdBr4 they built of [CdBr4] anions only. 
Electrical resistivity measurements showed that BETS-based compounds and 

(ET)4CdBr4(solvent) behave as metals with decreasing temperature showing different metal-

insulator transition temperatures. (ET)4Cd5I12, (ET)2CdI3, and (ET)3CdBr4 are semiconductors. 

The combination of conducting organic layers and anionic layers with perovskite-like 

structure in the single lattice can provide new properties in such materials. Hybrid organic-

inorganic compounds with perovskite-like structure and potential photovoltaic properties are 

intensely studied now as materials of photoactive layers for solar cells [1,2]. 

 

The work was supported by the Russian Foundation for Basic Research (grant № 16-03-01103). 
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Heteroscorpionate ligands have been demonstrated as attractive ancillary ligands for the 

synthesis of transition metal complexes. Their reactions with Ni(II) salts can, in principle, give 

half-sandwich (structure B, kinetic control) or full-sandwich (structure C, thermodynamic 

control) complexes through the tripodal coordination of one or two scorpionates via the 

pyrazolyl ring’s nitrogen atom. The coordinatively saturated complexes C showed a very 

moderate activity in alkene oligomerization reactions. 

The selective synthesis of coordination compounds type B – is a challenging task. To 

overcome these problems various synthetic approaches were used, including slow addition of the 

ligand solution to the solution of the starting nickel complex, an exception to prolonged heating 

of the reaction mixture or the use of rather exotic metal sources, such as tetrahalonickelate(II) 

ion in nitromethane. 

In this paper, for the stabilization the half -sandwich complexes were applied a 

tetradentate heteroscorpionate ligand, synthesized by Peterson rearrangement from 8-

methoxyquinoline-2-carboxaldexyde and bis(3,5-dimethylpyrazolyl)methanone.  

 

a

c

B A

C

d a

a NiBr2, THF; b NiBr2, MeOH; c SeO2; d bis(pyrazolyl)methanone, CoCl2 6H2O 

b

 

A structural study of the obtained complexes and the study of their catalytic activity in 

the reaction of ethylene oligomerization are ongoing. 

 

This work was financially supported by the Russian Foundation for Basic Research – Russia 

(Project Nos. 14-43-01014), republican budget of the Republic of North Ossetia-Alania.
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Nano-materials have been considered in recent times because of many valuable features 

such as high activity, singular optical and magnetic valuables [1].These properties come from 

unique features of nanoparticles due to their large surface and surface activity compared with 

material’s bulk phase [2]. 

In this study TiO2 nanoparticle in Degussa phase has been synthesized by a new method 

using Butanol, Toluene and triethylene glycol as solvent at 550 C for 8 hours. To modify TiO2, 

doping has been done by transition metal and CoTiO3 has been synthesized. Pure 

CoTiO3 nanoparticle has been formed when the precursor was heat-treated at 700 ℃ for 410 min. 
Characterizing the new additions has been done by X-ray diffraction (XRD), FT-IR 

spectroscopy, UV-Vis spectroscopy, Scanning electron microscope (SEM) image and 

Transmission electron microscopy (TEM) picture. According to the reaction, while Titanium 

(IV) butoxide as a precursor was being reacted with the metal, the energy band gap was 

decreased markedly. To show existing bond of Titanium and metal, FT-IR has been used so as to 

investigate the obtained addition and SEM image has been used to investigate better their 

morphology. Obtained CoTiO3 by this method can be used in variety areas especially as a 

catalyst to degrade harmful substance under UV and Vis light and also it can be used as humidity 

sensor.  
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The main purpose of research is to investigate the chemical bonding picture in aromatic 

molecules during transitions to ionic states. In most cases forming ions are systems with open 

shells. Thus, it is possible to detect conflicting aromaticity (the simultaneous presence of 

aromaticity by α-electrons and antiaromaticity by β- ones or vice versa) in these species. 

The aims of the research are deep analysis of geometrical and electronic structure of the 

benzene, cyclobutadiene molecules, cyclopentadienyl radical and their ions and conducting the 

chemical bonding analysis with the usage of the Adaptive Natural Density Partitioning 

algorithm(AdNDP).  

The geometry optimization and normal-mode analysis for the studied systems were 

carried out using PBE1PBE functionalwith 6-311++G** basis set as implemented in Gaussian 

09. The density matrix used and natural atomic orbital basis sets were generated at the 

PBE1PBE/6-31G.  

These findings make it possible to conclude that in the current form AdNDP method is able to 

detect various delocalized patterns in chemical systems with open shells. 

Furthermore, π-conflicting aromaticity has been detected and analyzed for following structures: 

С5H5, C6H6
+
, C6H6

-
.The detailed analysis of chemical bonding in aromatic molecules and ions 

are able to explain the stability of triplet cyclopentadienyl cation (aromatic by α- as well as β-

electrons, what form highly symmetric structure) as well as the instability of the cyclobutadiene 

in the triplet state (only one 4c-2e MO, while two leftover π, α-electrons are detected as lone 

pairs between opposite carbon atoms). 
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Transition metal complexes are powerful catalysts for organic transformations and when 

the suitable ligands are associated with the metal center, they can offer chemo-, regio- or stereo- 

selectivity under mild conditions [1]. A number of transition metal complexes are known to be 

effective catalysts for hydrogen atom transfer from an alcohol to a ketone, known as transfer 

hydrogenation (TH) [2]. 

Metal-containing ionic liquids are regarded as promising new materials that combine the 

properties of ionic liquids with additional intrinsic magnetic, spectroscopic, or catalytic 

properties, depending on the incorporated metal ion [3]. 

The synthesis of 1-(3-chloro-2-(hydroxypropyl)-3-methyl-imidazolium chloride, 

[C7H12N2OCl]Cl, was accomplished in one step from the reaction of 1-methylimidazole and 

epichlorohydrin in ethanol at room temperature. Phosphinite ligand [(Ph2PO)-C7H11N2Cl]Cl, was 

synthesized from the starting material PPh2Cl, in CH2Cl2 solution. The progress of this reaction 

was conveniently followed by 
31

P-{
1
H} NMR spectroscopy. 

-Cl)(cod)]2 with [(Ph2PO)-C7H11N2Cl]Cl in CH2Cl2 in a ratio of 1/2:1 

at room temperature for 1 h gave micro-crystalline precipitate of complex (1-chloro-3-(3-

methylimidazolidin-1-yl)propan-2-yldiphenylphosphinite chloride) (chloro ɳ
4
-1,5-

cyclooctadiene rhodium(I))]. 

      
 

The synthesized rhodium complex was applied as a catalyst in the TH of ketones using 

alcohols as a source of hydrogen and appeared to be very promising catalyst of TH, giving high 

yield (up to 99%) of product. 

 

This work was supported in part by the Ministry of Education and Science of the Republic of 

Kazakhstan, Grant 1318/GF4, 1752/GF4. 
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For modeling of the magnetic sublattice of bifunctional compounds, quantum-chemical 

calculations of complexes [(L)2M1
III

(L)M2
II
(L)2]

5-
 (I) have been performed (M1

III
 and M2

II
 are 

tri- and divalent atoms of 3d and 4d transition metals M1 (Cr, Fe) and M2 (Ni, Co, Pd), L is 

dithiooxamide or oxalate). We suggested that transfer from 3d to 4d transition metals is 

accompanied by an increase of the exchange coupling constant J between metals M1
III

 and M2
II
. 

Calculations of the complexes’ geometric structure were performed by using the 

GAUSSIAN-03 [1] program (the B3LYP/LANL2DZ level of theory) and of J constants by using 

the ORCA program [2] (the B3LYP/TZV level of theory). The replacement of a divalent atom of 

3d metal by a divalent atom of 4d metal leads to J increase, whereas replacement of a trivalent 

atom of 3d metal by a trivalent metal atom of 4d metal does not change the constant value. It has 

been found out that there was the correlation of J with the total change of the spin density on the 

M1 and M2 metals in the complex structures compared to the M1
3+

 and M2
2+ 

isolated cations.   
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Alumina and zirconia mixed oxide systems are attracting reasonable interest in various 

catalytic processes. There are numerous literature articles on converting ethanol isobutene over 

supported complex oxide catalyststo higher alcohols and other valuable compounds, such as 

ethylene,hydrogen and butadiene[1-3]. 

Complex oxides Al2O3-(CeO2-ZrO2)with different composition of Al2O3(5 to 75%) were 

obtained by the sol-gel method, using the simultaneous precipitation of the components with a 

solution of ammonia in the presence of isobutanol. The effect of the heat treatment temperature 

on the dispersion, morphology, agglomeration of xerogels and powders of the Al2O3-CeO2-ZrO2 

system was investigated.The surface area of the catalysts decreased with increasing Zr/Al molar 

ratio. 

Synthesis temperature affects the selectivity and 

activity of ethanol conversion to diethyl ether (DEE) as 

well as the sample composition. For calcinated samples 

the DEE formation activity and selectivity increase 

with increasing of alumina content (Fig.2)[4]. 

The publication was financially supported by the Ministry of Education and Science of 

the Russian Federation (the Agreement number 02.a03.008).  
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Fig.1The SEM pictures of surface of 

the calcinated sample  with 50% 

content of Al2O3 

 
Fig 2.  The dependency of the ethanol conversion to 

DEE on the %Al2O3 content in calcinatedat 500C 

samples. 
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Zirconium phosphates of the NASICON (NZP) type with the basic composition 

NaZr2(PO4)3arouse interestas catalysts for theprocessesof alcohols dehydration and 

dehydrogenation due to the unique physical and chemical properties, such as high-temperature 

superconductivity, high ionic and mixed ionic-electronic conductivity.Feature NZP - is the 

ability to replace the structure-forming cations on ions of different charge and the radius with the 

retaining frame geometry, this allows to change the number and strength of acidic and basic sites 

of the catalyst, and the direction of alcohol conversion (aldehyde / ketone or olefin) depends on 

the ratio of the acid-base and redox surface properties [1, 2]. 

Zirconium phosphates Cs1-2xCoxZr2(PO4)3 with x=0,15; 0,25; 0,50 were prepared by sol-

gel method[3], characterized by physical-chemistry methods (x-ray diffraction XRD, x-ray 

photoelectronspectroscopy XPS, UV-, IR-spectroscopy, TEM) and tested in decomposition of 

isobutanol. 

The main reaction of isobutanol transformation was dehydration into isobutylen. The triple 

phosphates samples (x=0,15; 0,25) exhibited the highest activity than double one (x=0,5). The 

process of isobutanol dehydration on framework phosphates takes place through the mechanism 

of acid catalysis. It was shown correlation of yield of olefins and number of acidic center.  

As a result of the work, it was found that partial replacement of the cesium ion for cobalt 

leadsto a linear decreaseof the parameters of the crystal lattice, аnd complete substitution leads to 

a change of crystal lattice type with a sharp decrease of the parameters of the crystal lattice.Thus, 

the cesium-cobalt-zirconium phosphates are promising catalyst of isobutylen production from 

isobutanol.  
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Alumina and titania arethe most wide spreading oxides to prepare supported catalysts. 

The most important products of alcohol conversions are Н2, acetaldehyde, ethyleneanddiethyl 

ether DE. Hydrogenproduction from bioethanol may be exploited as renewable energy resource. 

Some results for M
+n

/TiO2where M
+n

 =Ag, Cu, Au [1] andAuCu/Al2O3[2] we reported earlier. 

This work focuses on the role of oxide support nature (commercial -Al2O3or TiO2)in 

ethanoldehydrogenation vs. dehydration reactions over supported copper, silver, gold 

catalysts.The specific surface area of anataseTiO2and-Al2O3was about 100and 200  m
2
g
1

 

respectively. All samplesafter impregnation were dried and calcined. For “pure” and supported 

oxides (30 mg) heated in flow diffusion free reactor from 200
0
step by step up to 400

0
 C the total 

Etconversions (%) and selectivity (S%) were calculated from chromatograph analysis data. For 

characterization of the catalysts` IR spectra and XRay profiles were studied.  

The alcohol conversion increases but its aldehyde selectivity S decreases with temperature rise, 

except Al2O3withstrongacidic surfaceproperties when only dehуdration reactions occur (table). 

Supporting on aluminaCu,Ag,Aubecome the centers of Et dehydrogenation. Its different nature 

in redox mechanism of aldehyde formationas well as in acidic mechanism of ethylene and DE 

formation shows the different activation energy values Ea. 

The total conversions and selectivityof dehydrogenation (in %) at several temperatures 

and apparent activation energy (kJ/mole) of organic products` formation 

Образец 250
0 

300
0 

350
0 

400
0 

Ea(1) 

aldehyde 

Ea (2) 

ethylene 

Ea (3) 

ether 
 

Al2O3 59        0 80         0 93        0 100      0 no 107 121 

Cu/Al2O3 28       35 52       41 64       42 68       17 61 82 141 

Ag/Al2O3 37       56 68       29 91       17 79        0 91 133 115 

Au/Al2O3 46       30 68       27 75       26 68       16 123 75 116 

TiO2 3100 989 1570 2542 47 141 81 

Cu/TiO2 9100 21  100 2484 2565 92 144 132 

Ag/TiO2 592 1191 1877 1953 48 139 51 

Au/TiO2 6100 1191 1786 1882 26 81 80 

 

Due to Cu,Ag,Au additives the centers of dehydrogenation on aluminaappear. Aldehyde 

selectivity  S
C=O

 augments in arow Ag/Al2O3 Au/Al2O3Cu/Al2O3(350 
0
C).Above 350

0
 the 

valuesS
C=O

 decreases. The catalystCu/Al2O3has the lowest Ea(1). The total ethanol conversion 

on titania is not too much but the selectivity S
C=O

is about 100%. The different values of Ea(1) as 

well as Еа for other products forming on M
+n

/oxide demonstrate the influence of M
+n

 and 

support nature. Namely, for Ea(1) the divergence = Ea (alumina) Ea (titania) is 31 (Cu), +43 

(Ag) and +97 (Au) kJ/mole. For Ea(2) the consequence is 34 (pure oxide), 62 (Cu), 0 (Ag) 

and 0 (Au). It is necessary to note that pure oxide was treated in water with the same modeling 

precipitation and thermal procedures as in case of supported oxides`preparation. 
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Zeolites have, because of their diversity, a high potential as selective heterogeneous 

catalyst. The alkylation of phenol derivatives towards 2,3,5-trimethylphenol is of great industrial 

interest, due to the fact, that it is one of the key products in the (all-rac)-α-Tocopherol 

(vitamin E) synthesis.[1] Starting from m-cresol 2,3,5-trimethylphenol could be obtained through 

the alkylation with methanol. Unfortunately, the number of byproducts, as dimethylphenols 

(DMP), trimethylphenols (TMP), tetramethylphenols (Tetra) or anisoles, is very high. Catalyst 

for this reaction can be zeolites with a well-defined structure as well as other acidic oxidic 

materials. Different catalyst and reaction conditions were applied in this work to evaluate the 

influence of the structural and chemical differences of the catalysts. The gas-phase reaction was 

carried out in a micro reactor equipped with an on-line gas chromatograph.  

Results show the difficulty of the alkylation in the kinetically un-favored meta position, 

which is necessary for the formation of 2,3,5-trimethylphenol starting from m-cresol. Typically, 

multiple alkylation of one molecule is unlikely. This can be overcome with higher reaction tem-

peratures. Therefore, m-cresol was substituted by 2,3-dimehylphenol as the starting material. 

Figure 2 shows the conversion and yields for the different catalysts. Surprisingly, t-ZrO2 catalyst 

are more promising than zeolites like the H-Beta, i.e. expected form selective properties of zeo-

lites do not dominate the reaction. This observation was also made for the conversion of 

m-cresol. Interestingly, Al2O3 has the highest measured conversion at 270 °C, as well as the 

highest selectivity (84.3%) towards 2,3,5-trimethylphenol at 220 °C. Al2O3 catalyzes the ortho-

alkylation stronger than the alkylation in other positions. All tested catalysts deactivate very 

slowly.  

Summarizing the results, the synthesis route to 2,3,5-trimethylphenole, as precursor for 

tocopherol, via alkylation of alkylphenols seems to be an promising approach for usage of 

cheaper feed. 

 
Figure 2: Comparison of different catalysts for the 3,5-DMP conversion, T= 270 °C, molar ratio 

3,5-DMP:methanol 1:3 
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In the following work, the nanocrystals of inorganic luminophores [1] were used to create 

supramolecular systems, based on DNA biopolymer for the first time.  The optical properties of 

the given films, as well as the received complexes of DNA – inorganic luminophores on zinc 

oxide substrates [2], were also researched. 

Creating a sensitive, selective biosensor device, in this given case, is difficult, therefore 

the main objective was to determine the compounds, which can influence the photoluminescence 

of zinc oxide, either by the formation of new peaks of fluorescence varying in their maxima, or 

by causing the shift of photoluminescence band, or by its suppression. Inorganic luminophores – 

complex oxides of vanadium, rhenium, molybdenum, tungsten with gadolinium oxide or yttrium 

oxide in conjunction with DNA, were chosen for such purposes. 

The relationship of attenuation efficiency of zinc oxide’s photoluminescence vs the 

concentration of a hybrid material based on gadolinium and yttrium, is shown on the graphs.  
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Currently a lot of attention is paid to the methods of air cleaning from foul-smelling 

substances (FSS). In connection with it, some regulations regarding odor emissions have been 

developed in the EU countries and in the Russian Federation: the European Standard EN 13725 

and the Russian Standard 32676-2014 [1,2]. 

The aim of this work is to test the applicability of the methylene blue adsorption method 

to control the activated carbons adsorption capacity. 

The dependence of the AG-3 and AddSorb®VA12NG carbons adsorption capacity 

recession from its operation time is presented on the Fig. 1. 

 

 
Fig. 1. The dependence of carbon adsorption capacity recession from its operation time 

 

Fig. 1 shows that carbon capacity decreased in 2 times comparing with its initial numbers 

on the fifth day of operation time, and it was equal to zero on the seventeenth day. Continued 

usage of carbon (from 17 to 30 days) led to accumulation of FSS and its interaction products 

only on carbon granules surface. Because of the fact that the AC contamination degree affects on 

the cleaning time and on the water consumption, it is advisable to clean the carbon before it 

becomes completely dirty.  

To summarize all, due to the simplicity and efficiency of methylene blue adsorption 

method, it can be applied to the monitoring of various AC adsorption capacity for determination 

of the operation time during which the contaminated carbon can be cleaned with a minimal 

amount of time and resource. 
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Magnetic nanocomposite materials with metal particles are widely used in modern 

electronics, solar cell production, in biology, the preparation of catalysts, medicines and others. 

Among received nanosubstances special interest biocompatible nanocomposites based on a 

variety of polysaccharides, and in particular, arabinogalactan (AG), received from siberian larch, 

with a complex of catalytic, magnetic, optical and biological - antimicrobial, immunomodulatory 

and cytotoxic properties. Unusual magnetic, in particular paramagnetic, and thermostable 

properties of the nanocomposites largely determine their uniqueness and wide application. 

It was made the study of thermal stability of multifunctional iron composite based on the 

natural polysaccharide AG and iron oxides and their paramagnetic properties change with 

temperature. We have shown that the magnetite nanoparticles of Fe3O4, being coated with a shell 

of natural high molecular  polymer, form aggregate stability of magnetic nanomaterials. 

Nanocomposites study was performed in a linear temperature rise process by the methods of 

synchronous thermal analysis to 1000°C, and by EPR to 400°C. The results indicate that the 

nanocomposites have a temperature resistance up to 180-200°C. EPR method shows that all 

composites to some extent possess ferromagnetic properties at room temperature, which was 

confirmed by measurements of their magnetization. The similar nature of the FMR spectra 

investigated nanocomposites, which are asymmetric broad absorption lines, shows small changes 

in size and shape of the resulting nanoparticles with varying iron content in the nanocomposite 

from 1 to 12%. Trends destruction ferroarabinogalactan observed directly in the EPR 

spectrometer resonator. The EPR characteristics of change of g-factor and linewidth signal 

showed the presence of critical points on reaching 200°C – thermal degradation of the 

nanocomposite. Introduction of magnetite nanoparticles in polysaccharide matrix greatly lowers 

the activation energy of thermal degradation process, thereby reducing the degradation of the 

nanocomposite temperature range compared to the initial polysaccharide. On exotherm effect in 

ranging 220-290°C due to the thermal degradation of AG, superimposed very intense effect in 

the temperature interval 250-400°C, due to oxidation of iron oxide (II), which is part of  the 

magnetite. Thus, this process lead to obtaining of the novel nanosystems with controlled 

magnetic properties. Prolonged storage nanocomposites bounded by external impact has shown 

that metal nanoparticles exist stably in the matrix, at least for one year, while maintaining the 

unchanged EPR characteristics. 
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Ethylene carbonate (EC) is an ester of ethylene glycol and carbonic acid; EC is 

commonly used as a polar solvent because it has a molecular dipole moment of 4.9 D. In the 

liquid state, EC is capable of dissolving many polymers, polyester fibers, and resins. It is a good 

solvent for acrylonitrile polymers and copolymers and is used in the production of 

polyacrylonitrile fiber.  

The cyclocondensation of dihydric alcohols and urea is one of the most convenient and 

environmentally safe methods for producing cyclic carbonates. At the first stage, ethylene glycol 

and urea react to form 2-hydroxyethyl carbamate (1), which undergoes further cyclization to 

form the desired product EC (2) and 2-oxazolidone (3): 

 
 The effective nanocatalyst with average particle size 10-12 nm for ethylene carbonate 

synthesis were obtained by thermolysis of cobalt acetylacetonate using diphenyl ether as a 

dispersion medium:   

 
  

It was found that nanosized cobalt oxide is very active and selective catalyst in this 

process. The effect of reaction conditions (temperature, pressure, contact time, and catalyst 

concentration) on the main parameters of catalytic conversion has been studied. 

 

This work was supported by grant 15-33-70018 from the Russian Foundation for Basic 

Research and Moscow Government. 
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Ag-nanoparticles (AgNPs) located on substrates of different nature, including AgNPs in  

thin islands films, due to their unique optical, electronic and adsorption properties are the 

promising material for sensory detectors nanocatalysts and materials for medicine with 

antibacterial properties.  Combination AgNPs with polymers extends the functionality and 

stability of such systems and permit to obtain hybrid metal-polymer materials. So, the analysis of 

interaction of AgNPs with acrylic acid (AA) as a monomer of poly-AA takes of some interest.  

The aim of this study was to determine the influence of acrylic acid on spectral and 

electrical characteristics of islands thin Ag-films, evaporated on glass substrate. 

Films were prepared by electric sublimation of Ag wire (99,99%) in vacuum on 'Pyrex' 

glass as well as glass treatment in boiling Ag-Hydrosol. AgNPs were characterized by plazmon 

absorption spectra. Observed maximum position near 450 nm indicated to presence of 

aggregated AgNPs, including NPs chains. If you increase the duration of AA contact with film 

the spectrum shape is changed (Fig.1). The increase in optical density range in maximum and its 

“red” shift indicates a change of NPs surface properties, their size and arrangement.  

  
Fig. 1 a. Absorption spectra of AgNPs of Ag thin films; b. Shift of absorption maximum in 

plasmon spectra vs. increasing duration of film exposure in acrylic acid (AA) vapor. 

 

To compare the activation energy of electrical conductivity () before and after AA 

treatment we can determine the polarization sign of AA adsorbed molecules, both in 

chemisorbed (undesorbed under pumping) and reversibly adsorbed forms (Fig.2).  

 
 

Fig.2. a. The effect of temperature on the  values before and after contact of AgNPs with 

AA vapor;  

 b. The effect of AA vapor pressure on the relative change of   value at 427 K and 546 K. 

 

With temperature rise the change of AgNPs surface charge is observed and it is 

connected with different polarization of adsorbed AA molecules  positive sign below 473 K 

and a weak negative charge above 473 K. Note, that T=473 K is close to Tamman temperature.  
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The dental treatment usually requires preoperative anesthetic and postoperative analgesic, 

so to prevent dental pain in effective and light way is an actual task for modern dentistry, 

especially in pediatric case [1]. The current advances in carbohydrate science have resulted in a 

novel type of drug delivery systems based on cross-linked biopolymers. They conjoin the 

advantages of natural materials, such as biocompatibility, low toxicity, biodegradability and 

market availability, with positive properties of synthetic polymers, such as workability, stability 

and reproducibility [2]. The aim of this investigation was to design a patient-friendly 

transmucosal drug delivery system based on natural polysaccharide nanoscaled hydrogel loaded 

with novocaine.  

We chose high-methoxyl apple pectin (Herbstreith & Fox GmbH) with the 62 mol % 

degree of esterification due to already displayed mucoadhesive properties [3]. For further process 

natural polymer was modified by hydrazide groups and purified from low-molecular additives. 

Using original approach developed our research group and based on the Ugi multicomponent 

condensation (U-4CR) in diluted colloidal suspensions (0.1 m/v %) [4]. The wide range of cross-

linked polysaccharide derivatives were synthesized according to reaction scheme. Various 

isocyanides (aliphatic, alicyclic and aromatic) and aldehydes with short aliphatic chains were 

used here.  

 
The structures of the products were confirmed by the 

1
H NMR-spectroscopy. The size 

distributions and polydispersity indexes of particles were determined by dynamic light scattering 

with the meaning 90-350 nm. Mucoadhesive properties of the hydrogels were evaluated by 

mucin adsorption method [5]. The derivative with basic properties showed extremely high level 

of mucosa affinity in 92 % that is comparable with the best known mucoadhesive carriers. The 

cytotoxicity of the modified polysaccharides was determined against HeLa cells by the MTT 

assay where they were evaluated as non-cytotoxic (cell viability near 80 %) with statistical 

significance. Three of the synthesized carriers were loaded with novocaine. The drug entrapment 

efficiency and rate of drug release were investigated by dialysis with UV-detection. The results 

of 84-92 % active compound loading and consistent release rate during 4 hours allows 

considering the developed form as a potential medicine for local anesthesia.  
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Nowadays, complex oxides due to its high stability and activity have been used as 

catalysts for high temperature processes. The purpose of this work was to study and comparison 

the catalytic properties of nanostructured perovskite manganites or ferrites of gadolinium, 

obtained by sol-gel method, in terms of dry (carbon dioxide) reforming of methane (DRM). 

Perovskite-type layered oxides GdMnO3, GdMnхFe1-xO3 (х=0,01; 0,05; 0,5) and GdFeO3 were 

synthesized by sol-gel technology and were characterized using different techniques to study 

structure and morphology. The catalytic activity were studied in a flow apparatus at atmospheric 

pressure in the temperature range of 773-1223 K and flow rates of 0.5-1.0 l/h. Experiments were 

carried out with feeding a mixture of gases in a ratio of components [CH4:CO2] = 1:1 for the 

DRM reaction. Analyses of the products were performed by chromatography. 

The complex of physical and chemical methods of investigation showed that the samples 

showed were present in the nanocrystalline state and a porous structure. Comparison of the 

perovskite-type oxides properties under conditions of dry reforming of methane showed that the 

use of manganites reduces the deposition of carbon was almost twice compared to ferrites. 

However, partial or complete replacement of the iron to manganese in the anion sublattice 

several inhibited the catalytic activity of the complex oxides. The conversion of methane and 

carbon dioxide were respectively comparable over GdFeO3 and GdMn0,01Fe0,99O3, and were 

observed minimum values of conversions over GdMnO3. Thus, the catalytic activity increased in 

the row:  

GdMnO3 < GdMn0,5Fe0,5O3 < GdMn0,05Fe0,95O3 < GdFeO3 ≈ GdMn0,01Fe0,99O3 

And hydrogen selectivity determination in this process showed it to increase per the proportion 

of manganese in the following sequence: 

GdMnO3 < GdMn0,5Fe0,5O3 < GdMn0,01Fe0,99O3 < GdFeO3 < GdMn0,05Fe0,95O3 

The complex of physical and chemical data showed that all investigated oxides after 

catalysis preserved their perovskite structure. And data Energy-dispersive X-ray spectroscopy 

(EDX) for the investigated samples after the catalytic reaction were shown the carbon presence 

on the sample surface (estimated about 5%). 

 

This work was supported by Russian Foundation for Basic Research, research  

projects No. 16-33-00971 mol_a.  

The reported study was supported by Fund of assistance small forms of enterprises in scientific 
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The development of drug delivery systems is an innovative approach towards solving 

pharmaceutical tough issues associated with medicine toxicity and low therapeutic efficiency. 

Lipid-based nanomedicine has already proved their capability to improve bioavailability of 

encapsulated active compounds both hydrophilic and hydrophobic nature. However there are a 

number of clinical limitations for liquid liposomal forms due to poor physical and chemical 

stability related to leakage, sedimentation, aggregation, fusion and degradation reactions such as 

oxidation and hydrolysis. In order to overcome the stability problems a novel method to prepare 

liposome using the concept of proliposome was introduced. Proliposomes are defined as dry, 

free-flowing powders that immediately form liposomal vesicles when contact with aqueous 

phase [1]. Because of the solid properties, long-term stability of liposome can be achieved 

simultaneously with high entrapment efficiency, narrow size distribution and protective 

properties.  

This study reports an improved design and a comparison of proliposomes obtained with 

various micronized species [2], such as sucrose, lactose and cellulose. The specified amounts of 

phosphatidylcholine, lecithin, cholesterol and additives were dissolved in chloroform. This 

solution was adsorbed onto micro-carriers (sieved crushed sucrose, lactose Pharmatose 100 M, 

microcrystalline cellulose Pharmacel 101), and the excess solvent was removed to obtain dry 

powder. Following hydration and size reduction using sonication led to stable nano-vesicles. 

These proliposomes were compared with conventional liposomes prepared by thin-lipid film 

technique with following extrusion in terms of liposome size, zeta potential and drug entrapment 

efficiency using rimantadine as a model drug. 

Comparison of two approaches has shown that proliposome formation technique tended 

to yield liposomes smaller than the corresponding vesicles downsized via extrusion 

(ultrafiltration membrane 100 nm). In the first case all size measurements were in the range of 

93.8–112.9 nm and pdI 0.205-0.285, meanwhile for the common liposomes the hydrodynamic 

diameters were 158.9-192.3 nm and pdI 0.125-0.223 for the same lipid mixtures. Obtained 

liposomes had positive or negative surface charge depending on their composition. The data 

indicate that the investigated technique of proliposomes was appropriate to obtain nanoscaled 

vesicles for different lipid types. Moreover the rimantadine entrapment efficiency in 

proliposomes was found to increase in comparison with thin-lipid film method that allows 

reaching the high drug entrapment efficiency (96.7±0.5%) for rehydrated liposomes. 

In general, we have reported a reliable production method of nano-liposomes based on 

widely applicable industrial technologies such as micronized base coating, hydration and 

sonication. Moreover, sucrose and lactose can perform as a carrier in the proliposome 

formulations and as a cryoprotectant during future freeze-drying. 
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Aromatic nitro compounds, including 4-nitrobiphenyl and others, are important industrial 

chemicals with a broad range of applications. This class of compounds is widely used in the 

synthesis of many diverse products, including drugs, dyes, polymers, pesticides and explosives. 

Some aromatic nitro compounds are highly explosive, especially when the compound contains 

more than one nitro group. To investigate the stability and performance of these chemicals, 

knowledge of the enthalpy of formation (ΔfH
o
298) is an essential requirement. Other thermo-

chemical properties, such as enthalpy of vaporization (ΔvapH
o
298) and enthalpy of sublimation 

(ΔsubH
o
298), are needed for the characterization of the chemical degradation pathways of aromatic 

nitro compounds.  
Despite the extensive studies of aromatic nitro compounds, available thermo-chemical 

experimental information is often scarce and frequently shows significant discrepancy among 

published results. The enthalpies of formation of 4-nitrobiphenyl and 1, 1’-biphenyl were 

calculated using their enthalpies of sublimation. In this work, the standard ΔsubH
o
298 were 

determined on micro-calorimeter Calvet over the temperature range from (323 to 373) K with an 

estimated accuracy of < 1 per cent. We have used these experimental results for correlating the 

enthalpies of sublimation of 4-nitrobiphenyl and 1, 1’-biphenyl with the temperature in order to 

test internal consistency of the experimental data. The average values of the standard enthalpies 

of vaporization were adjusted to 298.15 K.  

On the base of “double the difference” method the novel scheme for formation enthalpies 

of aromatic radicals calculations have been suggested. Using fundamental equations of the 

chemical physics, the new calculation method is offered to determine the energies of 

reorganization of molecules fragments into radicals. Formation enthalpies of radicals a namely 

biphenyl, biphenyl-oxide and phenyl-oxide are determined, using their enthalpies of formation 

[1]. Reorganization energies of these radicals and bond dissociation energies are calculated. 

Energy of reorganization of phenyl radical gives way to calculate median thermo-chemical  

energies of bonds in benzene: Е (С – Н) = 472, 8 kJ· mol
-1 

and Е (С – С) = 448, 1 kJ· mol
-1

. 

 

       Table 1. Power properties of biphenyls and enthalpy of formation of biphenyl-4-yl, kJ· mol
-

1
 

 Compound ΔfH
o
(g) 

(298.15K) 

ΔfHBP• (NO2) ΔfHBP• (H) ∆vap Hexp
 
(298.15K) 

Biphenyl (BP) 179.9 ± 2.9 432.6 – 81.5 ± 0.8 

4-nitroBP  154.4 ± 7.1 – 425.9  108.4 ± 0.9 

4-methylBP 143.3 ± 1.3 429.7 429.7 69.7
 
± 0.7 

4-iso-propylBP   97.2 ± 2.5 430.1 430.1 76.6
 
± 0.5

 
 

4-tert-butylBP   72.0 ± 2.8 431.8 431.8 79.6± 0.8 
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The Fischer-Tropsch (FT) synthesis is a polymerization reaction between carbon 

monoxide and hydrogen to generate products such as paraffins, olefins and oxygenated 

compounds including aldehydes, alcohols, ketones and carboxylic acids on iron, cobalt or 

ruthenium catalysts. The addition of ammonia to the synthesis gas (CO, H2) leads to an extended 

product spectrum. Beside the typical Fischer-Tropsch products, it is feasible to obtain valuable 

organic N-containing compounds such as amines, nitriles and amides [1-3]. 

Based on these results it is important to understand the mechanisms and the principle of 

the interaction of ammonia during the Fischer-Tropsch process as this could present a new 

pathway for the production of nitrogen-containing chemical compounds using a different 

feedstock than crude oil. 

The experiments with ammonia-containing synthesis gas were conducted in a fixed-bed 

and slurry reactor at pressures between 4-5 bar using cobalt and potassium promoted iron 

catalysts. The catalytic performance was studied as function of reaction temperature, synthesis 

gas composition, residence time and ammonia concentration. 

Additional co-feeding experiments with oxygenates and N-containing compounds were 

carried out in order to get an insight onto the reaction behaviour during the formation of N-

containing products. The product stream was analyzed online and offline using different gas 

chromatographic techniques. Organic compounds were identified by means of one- and two-

dimensional gas chromatography equipped with mass spectrometers (GC-MS, GCxGC-TOF). 

In the absence of ammonia, the formation of conventional FT products such as paraffins, 

olefins and oxygenated compounds was observed. The addition of ammonia leads to the 

formation of nitrogen-containing compounds including amines, nitriles and amides. It was noted 

that the formation of alcohols, aldehydes and carboxylic acids was suppressed upon ammonia 

co-feeding. 

 

 

Fig.:  

a) Selectivity to oxygenated compounds, 

amines and nitriles.  

 

b) Amides analyzed by means of 

GCxGC-TOF. 

 

Moreover, while terminal amines and nitriles were obtained during the experiments in a 

fixed-bed reactor, N-alkylated amines were predominant using a slurry reactor. In addition, it 

was feasible to control the selectivity to amines and nitriles with different reaction temperatures, 

synthesis gas compositions, residence times, ammonia concentrations and reactor types during 

the experiments. However, the mechanism of formation of N-containing products is still under 

discussions, since an un-catalyzed reaction of O-containing compounds with ammonia cannot 

excluded at the actual state of investigation. 
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Studying of adsorption of hydrogenium on the surface of iron plays an important role as 

iron is often used in a catalysis. The comprehension of interaction between the surface of the 

transitional metal and, in particular, iron with prime molecules is important for effective 

management of technological processes of synthesis of hydrocarbons and alcohols from mix of 

hydrogenium and carbon oxide (Fischer-Tropsh's catalysts), synthesis of ammonia from 

hydrogenium and nitrogen, etc. 

The purpose of this work is modeling of the mechanism of adsorption of particles of H, 

H2, H
-
, H2

+
, H2

-
 on the hydrogenated and pure surface of iron and manganese crystals. 

For the solution of the problem non-empirical quantum chemical calculations are 

executed of adsorption energy (∆E) of the listed particles on these crystals for various places of 

adsorption. Calculations are executed by Gamess US program [1] in approach of 

B3LYP/LANL2DZ. 

It is showed that for the correct description of adsorption the two-layer cluster of iron 

whose each layer consists of 9 atoms of metal is optimum. At the same time it is found that on a 

surface of a manganese cluster adsorption is absent. It is established that ∆E for hydrogen atom 

on a surface of an iron cluster changes from -56,2 to -69,6 kcal/mol. Similarly, 

∆E for H
- 
: from -164,9 to 175, 2 kcal/mol. 

∆E for H2: from -9,2 to -17,8 kcal/mol. 

∆E for H2
+
: from -228,3 to -236,1 kcal/mol. 

∆E for H2
-
: from -144,4 to 159,2 kcal/mol. 

The received results are well coordinated with experimental data on adsorption of 

hydrogen and hydrogenation of carbon oxides on catalytic systems based on iron and manganese 

[2]. It has been showed that on the surface of manganese catalysts hydrogen is not practically 

adsorbed, and on a surface of ferriferous samples existence of two forms of chemisorbed 

hydrogen is possible: НI - loosely coupled and НII - strongly adsorbed. Selectivity of process by 

olefins is defined by НI:НII ratio on the surfaces of the catalyst. Apparently, increase of 

concentration of hydrogen in the form of НII increases an exit of olefins. Distinctions in catalytic 

activity of samples can be connected with various speed of diffusion of loosely coupled 

hydrogen (НI) on the surface of catalysts through contact borders between Fe particles (spillover 

effect) [2]. 
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As a majority of superhydrophobic materials created for aviation, shipbuilding, electric 

power and other areas of the economy operated in the environmental conditions the adsorption 

processes including air-borne surfactants adsorption take place on these coatings.  So our aim in 

this study is to investigate the impact of adsorbed surfactants on the wettability of 

syperhydrophobic coatings by water.   

Four different types of the experiment were performed to analyze the impact of short-

term and long-term contact of  superhydrophobic coatings with surfactantsAnodized or laser 

textured superhydrophobic aluminium alloys were used as the substrates, while dodecanol and 

hexadecanol were used to model the air-borne surfactants.  The experiments were performed in 

the conditions of saturated water vapors.    

We used digital video images processing of sessile drop to analyze  the water droplet 

shape parameters.  This setup allows to determine droplet parameters such as surface tension, 

contact angle, contact diameter, drop surface, volume by using the Laplace curve fitting 

routine[1].  

It was shown that the impact of short-term contact of superhydrophobic surface with 

surfactants does not cause the breakdown of superhydrophobic state. Long-term contact of 

superhydrophobic surface with surfactants which results in the filling of porous structure with 

surfactant leads to the transition of wetting regime of surface from heterogeneous to 

homogeneous  one and to the partial degradation of protective properties of coating. For the 

latter case, the self-restoration of superhydrophobic properties of surfactant contaminated coating 

takes place upon prolonged contact of such coatings with water. 
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For the past several years, rechargeable lithium ion battery (LIB) technology has been the 

most widely used energy storage method for powering consumer electronics and power tools. 

layered oxide materials having the chemical formula 𝐿𝑖𝐶𝑜𝑂2  have been extensively utilized and 

studied. However, because of their limited capacity, limited energy density, and safety concerns, 

these cathode materials fail to meet the necessary demands for LIBs to power electric vehicles. 

Creation  and  testing   of  the   complex  oxide 𝐿𝑖1−𝑎𝑁𝑖𝑏𝑀𝑛𝑐𝐶𝑜𝑑𝑂2 (– 0,2 ≤  𝑎 ≤  0,1, 0,1 ≤
 𝑏 ≤  0,6, 0 ≤  𝑐 ≤  0,5, 0 ≤  𝑑 ≤  0,4)[1] as a positive electrode was a promising way to 

increase workers LIB characteristics. 

This paper presents a method of obtaining highly-capacitive cathode nanomaterials 

𝐿𝑖1,1(𝐿𝑖𝑁𝑖0,7𝑀𝑛0,2𝐶𝑜0,1). It has been experimentally established that when the lithium 

concentration increases by 10%, the capacitance increases by a factor of 1.5, this can be 

attributed to the suppression of anti-structural defects in lithium positions (Ni / Li substitution), 

which has a positive effect on lithium transport, especially at high Discharge rates. It is assumed 

that the excess amount of lithium ions occupies the positions of transition metals, which is 

accompanied by the formation of oxygen vacancies. In parallel with this, the reduction of 

manganese ions to Mn
3 +

 occurs [2]. 

As a result of the electrochemical test CM vs. lithium metal as the anode and the 

reference electrode, the sample showed a high discharge capacity 258 mAh / g at the current C / 

10 in the voltage range 3.0-4.6 V. Moreover capacity drop after 50 cycles was about 6.9 % 

relative to the initial (Figure 1). 

 
Figure 1. The charge / discharge curves of the first and 50th cycles of CM 

𝐿𝑖1,1(𝐿𝑖𝑁𝑖0,7𝑀𝑛0,2𝐶𝑜0,1) 
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Porous materials with defined porosity and basicity are desirable for applications in 

heterogeneous catalysis and adsorption. An effective route to synthesize ordered mesoporous 

materials with a narrow pore size distribution is a surfactant templated synthesis. Using different 

surfactants and reaction conditions, the pore size as well as the three dimensional order of the 

pores can be tailored. 

The corresponding silica-based ordered mesoporous materials are amorphous and contain 

silanol groups on their surfaces. These silanol groups offer the possibility for chemical 

modification via grafting with suitable organosilicon compounds. 

This approach has been used to modify said porous silica materials of two different pore 

sizes (MCM-41 and SBA-15) with four different organic precursors comprising different types 

of basic functionalities. 

 

 
 

Nitrogen adsorption measurements and XRD prove the high amount of ordered pores as 

well as the narrow pore size distribution both of calcined and modified materials. TGA and XPS 

measurements confirm the successful modification of nitrogen containing organic entities and 

give insight into their thermal stability. 

Selected modified samples have been tested in the aldol condensation of n-butanal. Apart 

from the desired product 2-ethylhexenal, various byproducts, such as Tishchenko- or 

Cannizzaro-products can be observed. The aim of this study is to minimize all byproducts while 

obtaining a high yield of 2-ethylhexenal. 
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SnO2 sol was synthesised by SnCl4·5H2O hydrolysis in ammonium solution by method 

described in [1]. According to XRD data the powder obtained by sol coagulation and the 

precipitate drying at room temperature is amorphous. After its calcination at 350 
o
C 1 h the 

crystalline SnO2 phase is formed. According to TEM data nanoparticles in the initial sol are 

about 2 nm in size (Fig. a). IR study has shown that sol nanoparticles consist of SnO2 core and 

SnO2–x(OH)2x shell that follows from the next peculiarities in IR spectra (Fig. b). There are broad 

absorbance bands in the region 2900–3400 cm
–1

 corresponding to vibrations of OH groups which 

are bound to the surface of tin dioxide particles by hydrogen bonds. A narrow peak at 1639 cm
–1

 

assigned to deformation vibrations of HOH in water molecules is present in IR spectrum. There 

are peaks at 1230, 1173, 1053 и 924 cm
–1

 attributed to stretching vibrations of terminal OH 

groups [2]. The absorbance bands with maximums at 794, 645, 594 и 504 cm
–1

 present the 

response of O−Sn−O and Sn–O valency vibrations in SnO2. The appearance of extra bands in the 

region 870–3300 см
–1

 and a strong shift of the peaks at 636 и 778 cm
–1

 to large wavenumbers 

can be explained by the presence of large quantity of water molecules and hydroxyl groups. 
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TEM  photo of SnO2 nanoparticles in sol (а) and IR spectrum of this sol (b)  

Conditions of photocatalytic HAuCl4 reduction on SnO2 nanoparticles with the 

formation of structures including amorphous SnO2∙nH2O (core) – crystalline gold nanoparticles 

(shell) were revealed which were able to be conjugated with biopolymers such as rabbits 

antibodies against immunoglobulins and Shigella sonnei antibodies. As it is shown in [1] these 

structures can be applied for the express detection of antigens in immunochemical analysis.   

The effect of SnO2 sol addition into diphosphate copper plating solution on the 

peculiarities of coatings deposition on steel, aluminium, zink and Zn–Al alloy, microstructure 

and protective ability of coatings has been studied. A strong effect of sol additive on peculiarities 

of metal nuclei formation, on copper coatings microstructure and properties has been found 

although SnO2
 
content in coatings does not exceed 1 at. %. The coatings are dense, fine grained, 

have an increased protective ability. Corrosion of metal substrate in copper plating solution at the 

initial stages of metal plating is diminished owing to sol adsorption on the growing surface [3]. 
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The fluorescence properties of the DBMBF2/methylbenzene exciplexes  strongly depend 

on the nature of aromatic moieties and can be used to achieve their selective detection. The high 

sensitivity to benzene, toluene and xylene vapors has been previously demonstrated with 

materials based on DBMBF2 [1]. On the other hand nanoparticles with immobilized photoactive 

organic dyes are of great scientific interest in terms of their potential applications as fluorescent 

labels, molecular sensors, as components in optoelectronic devices and devices for the 

conversion and storage of solar energy and other [2]. 

Dichloroethane suspensions of synthesized silica nanoparticles (SNPs) with a mean 

diameter of 100 nm and surface modified with covalently-linked dibenzoylmethanatoboron 

difluoride (DBMBF2) were used as ink to print sensitive layers with micro-valve ink-jet 

technology. It was demonstrated that deposited SNP-based thin films are sensitive for 

methylbenzene vapors and could be a good candidate as a printed sensor. The fluorescence 

spectra (λexit = 340 nm) of printed SNPs coating before exposure and after exposure to 

methylbenzenes saturated vapors for 10 minutes are represented on the left. AFM image of the 

printed sample is represented on the right. Responses of sensing films to methylbenzene vapors 

were analyzed using multivariate nonlinear regression method. 

 
 

 

 

This work was supported by the Russian Science Foundation  
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Titanium dioxide is one of the most intensely studied metal oxides due to its application 

in many fields, such as catalysis, optoelectronics, gas sensors, functional coatings in self-

cleaning, antifogging, and in medicine and pharmacy. TiO2 has received much attention as a 

well-known photocatalytic material [1,2]. In this work TiO2 was synthesized by gel technology 

mode. Organogel prepared from titanium butoxide and triethylenglycol in butanol media was 

treated by heating in air at 120
0
С during 3 h. and then gold and copper (precursors  chloride 

salts) were added by precipitation and calcination procedures. The dopants were mono Au or Cu 

and binary AuCu which content was verified by X-ray fluorescence analysis. The state of initial 

TiO2 support in form of powder was analyzed by AFM-Raman method.  

The aim of this work was to compare the influence of the previous ultraviolet irradiation 

of TiO2, Au/TiO2, Au/TiO2 and AuCu/TiO2 on its adsorption ability for cationic and anionic 

dyes in aqueous solutions. The values of adsorption were obtained by photometric method. 

Dyes Gibbs adsorption in mol/g 

(MO - Methyl orange, MB - Methylene blue) 

for the TiO2 with dopants for samples without 

(1) and with (2) UV exposure 10 minutes 

 Adsorption duration 

 16 hours 5 days 

 MO MB MO MB 

No dopant  1 15 42 7 480 

2 0 113 0 179 

Au100   1 444 505 447 636 

2 459 822 471 852 

Au75Cu25   1 444 447 446 600 

2 461 843 459 863 

Au50Cu50    1 374 401 400 483 

2 446 646 459 713 

   Au25Cu75    1 453 107 453 635 

2 355 412 410 556 

Cu100    1 27 51 33 248 

2 0 59 0 167 
 

The relative changes of dyes adsorption (after 

16 h)  due to UV treatment TiO2 samples with 

supported Au and Cu  

 

 

 

The data of the table show that in gold presence the adsorption of cationic dye (MB) 

greatly increases including mixed AuCu dopants with 75 and 50% Au. Pure copper is inactive 

dopant. The results indicate that only in case of cationic dye MB the enhancement of adsorption 

due to UV treatments may be obtained. The greater UV increase of MB adsorption is for 

Au25Cu75/TiO2   in 4 times or 280% relatively after 16 h of adsorption, as it can be seen from 

the figuer.  
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It is experimentally shown that vibration acoustic vibrations influence a kinetics of 

chemical reactions [1,2]. When studying action of acoustic waves on melts and polymer blends 

on a kinetics of polymerization noticeable physical and chemical and chemical effects are found 

with frequencies about 10-100 Hz. 

The purpose of the real work is theoretical studying of the mechanism of impact of 

vibration acoustic vibrations on reaction rate of the first or second order.  

Model operation for prime kinetic schemes (reaction of the first or second order, 

consecutive reversible tests) taking into account formation of associates is carried out.  

The mathematical model of influence of association of reagents on a kinetics of 

multistage reactions is offered [1].  In the analysis of the kinetic equations only formation of 

dimers and tetramers was taken into account. . For example, the reaction of first order with 

formation one product B at monomers A1 and dimmers A2 are take part is considered as: 

A1 → B,                 k1    (1) 

A2 → B + A1,        k2   (2) 

2A1↔ A2,              K  , (3) 

where k1, k2 are the constants of reaction rates (1) and (2), K is the equilibrium constant. 

Reaction rate has view: 

w = kef[A] = K
-1

k1[(0.0625 + 0.5K[A])
0.5

 – 0.25] ++ K
-1

k2[(0.0625 + 0.5K[A])
0.5

–0.25]
2
 . 

The influence of acoustic vibrations on the equilibrium constant K is:  

K= K0exp[-aP0 sin(2t)] 

Connection of chemical reaction rate and concentration of reagents with parameters of 

wave mechanical influence (amplitude, oscillation frequency) depending on the kinetic scheme 

of reaction and the nature of the supra-molecular structure of reagents (quantity of types and type 

of associates) is established. 
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The [2 + 2] photocycloaddition of styryl dye, 4-[(E)-2-(3,4-dimethoxyphenyl)ethenyl]-1-

ethylpyridinium perchlorate (1), mediated by 1:2 host-guest complexes with cucurbit[8]urils 

(CB[8]), was studied by means of fluorescence upconversion techniques. The quenching of 

florescence has been observed that leads to cyclobutane (2). The lifetime of 14.5 ps for excited 1 

in aqueous solution and 3.8 ps for that in the presence of 0.5 equiv. of CB[8] were extracted from 

the fluorescence decay curves. The rate constant of such a quenching that was estimated by the 

classical Stern-Volmer formula is close to the diffusion control limit for bimolecular reactions.  

 

 
 

The results of quantum-chemical calculations confirmed that in the ground state the 

geometry of reactants inside the cavity does not fit the topochemical principles and it requires a 

marked displacement to get a reaction-ready structure. The pre-organisation motion of excited 1 

along a direction almost parallel to cucurbituril’s axis was suggested on the basis of the 

measurements of time-resolved fluorescence anisotropy in the range of 1-5 ps. 

 

The work was supported by the Russian Scientific Foundation (project no. 14-13-00751)  

and (in part) by the Russian Foundation for Basic Research (project no. 15-03-01883). 
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To the moment, there are known 26 six-membered aromatic triazides, and, in all of them, 

the azido groups are located in the meta-positions relative to each other [1]. In this work we 

report on the x-ray structure and properties of two novel polyazides: 3,4,5-triazidopyridine-2,6-

dicarbonitrile (1) and tetraazidopyridine-4-carbonitrile (2) representing first examples of 

heteroaromatic polyazides with adjacent azido groups in the ring.  

 

1 2 
 

The x-ray structure information of these compounds for the first time possible to analyze 

the structural parameters of the azido group located in -positions of the pyridine ring. -azido 

groups in comparison with the -azido groups have significantly smaller N–N–N and larger 

С–N–N bond angles, as well as slightly shorter N–N bond lengths (as in the case of -azido 

groups of 3,5-substituted 2,4,6-triazidopyridines [2]). Such structural parameters, according to 

the literature [1] point to the relatively low activation energy of -azido group in the reactions of 

1,3-dipolar cycloaddition, reduction and phosphorylation by Staudinger, thermolysis, and 

photolysis, where the transition states have the N–N–N bond angles reduced to 125–130º. 

Unlike tetrazide 2 in which - and -azido groups have structural differences and, as a 

consequence, their reactions must be selective, in triazides 1 the all three azido groups are 

structurally almost identical that indicates an absence of selectivity in their reactions. 

These polyazides have high positive heats of formation and may be of interest as a 

component of high-energy materials as well as source compounds in organic chemistry. 

 

This work was supported by the Ministry of Education and Science of the Russian Federation 

(the Agreement number 02.a03.21.0008), FASO (the theme "Creating of high-energy materials") 

and the Presidium of RAS ("Fundamental principles of dual-use technologies in the interests of 

national security"). 
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The formation of [PdI4]
2-

 was detected by UV-vis spectroscopy in the investigations of 

the direct arylation of indole by iodobenzene using ligand-free catalytic systems under real 

catalytic conditions. Operando kinetic studies of the reaction were carried out to obtain 

information about the role of the observed complexes in catalysis. It was found that in the 

reaction beginning concentration of [PdI4]
2-

 increased to achieve about 25%, following its 

decreasing to complete disappearance coincided with the drop in catalytic activity and full 

conversion of iodobenzene resulted from side reaction of biphenyl formation. The dependence of 

[PdI4]
2-

 concentration on the rate of 2-phenyl indole formation was found to have the extensive 

section exhibiting negative dependences. The formation of such complexes is known to result 

from the homocoupling of iodobenzene to produce biphenyl [1]. Taking into account the results 

of kinetic modeling being the simulation of [species amount]–[catalytic reaction rate] 

dependences for catalyst species playing different roles in the catalytic conversion of substrate to 

product, these results indicated that [PdI4]
2– 

is inactive species and is formed in a side reaction 

(biphenyl formation) but not in the reaction leading to main product (2-phenylindole) formation.  

 

 

 
 

The plotting the [PdI4]
2-

 concentration versus that of 2-phenylindole for the experiments 

with various catalyst precursor concentrations indicated that they have clearly marked maxima 

and matched leads. In accordance with the results of kinetic modeling, this indicated that the 

deactivation of active species to [PdI4]
2–

 was irreversible but these species could be reactivated 

through a consequence of steps. 

 

This work was supported by the Russian Foundation for Basic Research  

(grant № 16-29-10731). 
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Oxygen-containing heterocyclic compounds (oxides olefins, cyclic acetals, etc.) are 

important products and intermediates of the basic and fine organic synthesis [1]. Great practical 

interest is the glycidol oxide of allyl alcohol. It is a valuable intermediate product in the 

manufacture of surfactants, plasticizers, textile dyes, photographic chemicals, drugs, pesticides, 

some rubbers, paints, thermosetting resins and plastics [2]. One of the most promising methods 

for producing glycidol is the epoxidation of allyl alcohol by hydrogen peroxide on the titanium-

containing catalyst. 

 

 
 

It was studied the epoxidation mechanism of allyl alcohol using titanosilicate zeolite  

(TS-1) at 40°C by means of procedures for the nomination and discrimination of mechanism 

hypotheses.  

The hypotheses were carried out using the literature data and the preliminary experiment 

results. Discrimination hypothetical mechanisms implemented on the basis of the univariate 

results of the kinetic experiment, varying concentrations of allyl alcohol, hydrogen peroxide and 

glycidol.  

The most probable mechanism involves the hydrogen peroxide and allyl alcohol 

adsorption at the catalyst active centers and the glycidol formation at a reversible stage in the 

interaction of the adsorbed molecules of the reactants. Considered hypotheses include a different 

sequence of interaction of the reactants with active catalyst centre. In addition, hypotheses take 

into account the formation of intermediate compounds as well as inactive products of the 

interaction of substances present in the reaction system, with the active centers on the silicalite 

surface. For each hypothesis, it was formulated the corresponding system of differential 

equations and carried out the estimation of the rate constants. The quality of the experimental 

data description was judged by the residual sums of squared deviations and correlation 

coefficients.  

The best results are obtained for the hypothesis involving the hydrogen peroxide and allyl 

alcohol adsorption at the two active catalyst centers with subsequent interaction of the resultant 

intermediates between them, with the formation of glycidol adsorbed on one center, free catalyst 

centre and molecule of water. Formation of free glycidol occurs at a reversible stage. A 

significant part of the active centers of the catalyst increasing the concentration of glycidol is 

associated with it. This is the main reason for the decrease of the reaction rate, apart from 

reducing the concentration of the reactants. 
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The effect structure and temperature on the rate and free activation energy of reactions 

between 4-nitrophenyloxirane and Y-substituted arenesulfinic acids YC6H4SO2H (Y = 4-CH3, H, 

4-Cl) in dioxane at 298, 308, and 323 K have been studied: 

 

4-NO2C6H4CH(O)CH2  +  YC6H4SO2H    4-NO2C6H4CH(OSOC6H4Y)CH2OH (1) 

 

The reaction kinetics was examined using more than tenfold amounts of arenesulfinic 

acids (HA) with respect to the initial concentrations of 4-nitrophenyloxirane (S): [HA] >> [S] = 

(48) 10
–3

 mol dm
–3

. The reaction was found to exhibit the first order with respect to epoxide. At 

the same, linear relationships between k1 and [HA]
2
 were observed (r   0.998), which pass 

through the origin of coordinates. Thus, the kinetics of the reactions of interest is described by 

the equation: 

 

- d[S]/dt = k1 [S] = k3 [S] [HA]
2
,     (2) 

 

where k1 (s
-1

) and k3 (dm
6
 mol

-2
 s

-1
) are pseudo-first-order and third-order rate constants, 

respectively. 

Cross-correlation analysis of kinetic data was conducted. To estimate the joint effect 

substituents Y and temperature have on the rate of reactions (1), we used a cross correlation 

equation for a two-parameter variant of principle of polylinearity: 

 

lg k3 = lg k3
st
 + Y

st
Y + BТ

st
(1000/T) + qYTY(1000/T),   (3) 

 

where k3
st
 is the rate constant under standard conditions (Y = 0, T = ∞ K), ρY

st
 and BT

st 
 are the 

parameters of standard reactions at Т = ∞ K and Y = 0, respectively, and qYT is the cross 

interaction coefficient. The following polylinear regression was obtained in processing the 

kinetic data in accordance with equation (3):  

 

lg k3 = (9.3  0.2) + (-9  1)Y + (-3.38  0.07)1000/T + (3.3  0.4)Y1000/T,  (4) 

s = 0.022; R = 0.999; F = 1368, n = 9. 

 

It is found that as a result of the nonadditivity of the joint effect of substituents Y and 

temperature, the cross reaction series exhibits isoparametric properties, the quantitative 

characteristics of which are isoparametrical points with respect to the constant of substituents Y 

(σY
IP

 = 1.02) and to temperature (T
IP

 = 367 K). At the isoparametrical point σY
IP

 = 1.02, the rate 

of the process should not depend on temperature. At the isoparametric temperature the rate of the 

process should not depend on the effects of substituents Y (lg k3 = const, ρY
T
 = 0). All these 

isoparametrical points fall outside experimental attainability. 
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Stable and highly concentrated organo- and hydrosols of nanoparticles of metals, oxides 

and salts are of great interest for nanochemistry and nanotechnology. They are promising as inks 

for printers, microcircuits, fluid heat sink. Nanoparticles are “free” in sols, i.e. are not bound 

with each other by coagulation and coagulation-crystallization (phase) contacts. As a result, their 

application for the formation of nanomaterials provides a uniform distribution of nanoparticles in 

the bulk phase or in the film of the composite. A great number of published works are devoted to 

the synthesis of TiO2 nanoparticles. The interest arises from the prospects of production of new 

nanomaterials for catalysis, photovoltaics, biosensorics and delivery of medicine. 

One of the most widespread and popular techniques for the production of organosols and 

ultra-dispersed powders is micellar (microemulsions) synthesis. It allows production of 

organosols with qualitative nanoparticles with a specified size and a narrow distribution function. 

However, significant and, at times, insuperable disadvantages of micellar synthesis are the low 

mass concentration of produced organosols and enormous concentration of surfactant-stabilizers 

(typically about 10 and more mass %). The problems are due to the low solubilization capacity 

of reversed microemulsions relative to initial reagents (1-5 vol.%). As a result, to obtain 

concentrated organosols in micellar synthesis, it is necessary to introduce additional 

concentration and purification stages. 

A promising method of separation and concentration of nanoparticles is electrophoresis. 

In spite of the low electric conductivity, reversed microemulsions are widely used as the medium 

for separating various substances. 

The aim of this work is to study the possibility of application of nonaqueous 

electrophoresis in a capacitor-type cell to concentrate and separate TiO2 nanoparticles and to 

separate them from the excess of АОТ and reaction by-products.   

Stable organosols of TiO2 nanoparticles were prepared, using the hydrolysis of titanium 

tetraisopropoxide (TTIP) in the microemulsions of sodium bis(2-ethylhexyl)sulfoxynate (АОТ) 

in decane by increasing the content of water pseudophase from 0.15 to 0.85 vol.%. The 

hydrodynamic diameter of nanoparticles increased with water content increasing from 10 до 225 

nm, and ξ-potential, from -6 to 18 mV (recharge of TiO2 nanoparticles surface was registered at 

0.45 vol.%). 

Using nonaqueous electrophoresis in an electrophoretic cell of capacity-type, we 

succeeded to concentrate nanoparticles with a diameter from 60 to 225 nm (enrichment factor 

was 10), to separate 20 and 225 nm particles and by an order of magnitude to reduce the content 

of АОТ in organosol. Laser and spectrophotometric scanning of interelectrode space in situ 

showed that during electrophoresis a sharp boundary formed between raffinate and the layer of 

moving nanoparticles. 

The work was financially supported by the Russian Scientific Foundation  

(project № 15-13-00080). 
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Ionic liquids are used currently for the modification of the polymeric membrane, in 

particular cellulose acetate, for the improvement of the separation quality at the production of 

high purity components. This effect is determined by the appearance in a polymeric material of 

active ionic centers providing the complex formation in the system. Infrared spectroscopy is the 

most informative method for studying the structure of similar complexes as well as the 

mechanism of their binding. However, the strong absorption of the polymeric materials leads to 

the serious difficulties at spectral observation of these intermediates. We have proposed a method 

of sample preparation in crystalline matrix allowing to solve this problem [1]. In the present 

work there were considered model systems, consisting: 1-butyl-3-methylimidazole chloride 

(IL1) or 1-butyl-3-methyl-imidazole hexaflurophosphate (IL2) as well as cellulose acetate (AC), 

water or ammonia.  

In the spectrum of the potassium bromide matrix containing cellulose acetate, modified 

by IL1, at saturation by water vapour the new bands at 3397 and 2108 cm
-1

 appear, which were 

assigned to stretching vibration of water in a complex. For the system (cellulose acetate - IL2 – 

water) the new bands at 3631, 3567 and 3424 cm
-1

 were observed. They can be interpreted as the 

bands of stretching vibrations of adsorbed (the first two bands) and complex bounded (the last 

one) water molecules.  

In the system (cellulose acetate – IL1 – ammonia) the new bands at 1668 and 1457 cm
-1

 

were detected. The band at 1668 cm
-1

 belongs undoubtedly to the bending vibration of ammonia, 

and the band at 1457 cm
-1

 assigns to vibrations of the ammonium (NH4
+
), which can form in the 

complex by hydrogen atom transfer at presence of water.  

In the matrix, including cellulose acetate, methyl iodide and ammonia the new bands at 

3200 cm
-1

 and 1670 cm
-1

 were shown. The first band assigns to the stretching vibration of 

ammonia in the intermediate, and the second one to the bending vibration of ammonia. The input 

of methyl iodide in the system provides the charge transfer into the polymeric matter.  

The mechanism of complex formation is considered by ab initio calculations in terms of 

DFT. It is shown that the molecules of alkali metal play the role of a stabilization component in 

the structure of the complexes. There was estimated that both the nature of metal and halogen 

atoms affect the structure of the complexes. The interaction of alkali salts with the system 

components increases in the row Li >Na>K and F >Cl >Br. 

 

This work was supported by the Russian Foundation for Basic Research  

(grant № 14-08-05494-а). 
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This work is a part of systematic studies of new functional materials which is carried out 

at Luginin’s Thermochemistry and Chemical Thermodynamics Laboratories. It is devoted to the 

study of thermodynamical properties of 5Ca(NO3)2NH4NO310H2O (CAN). The choice of 

object of research is caused by its application as components of calcium nitrogen fertilizations. 

There are no literature thermodynamical data for CAN.  

CAN was synthesized by crystallization from a supersaturated solution. Ca(NO3)24H2O 

(99.0%) and NH4NO3 (99.5%) and distilled water were reagents for synthesis. The synthesized 

sample was checked by X-ray, TG-DSK, IR and chemical analysis. 

The thermodynamical properties of CAN were investigated by methods of calorimetry of 

solution and of vacuum adiabatic. 

The enthalpy of solution of CAN was measured in water at 298.15 K in hermetically 

sealed swinging calorimeter with an isothermal coat. Temperature rise in each run was measured 

by platinum resistance thermometer. Thermometric sensitivity was 310
-5 

K. The energy 

equivalent of the calorimeter was determined by electric technique. The enthalpy of formation of 

CAN at 298.15 K was calculated on the basis of the experimental data and enthalpies of dilution 

of aqueous solution of calcium and ammonium nitrates and Ca
2+

(aq) and NO
3-

(aq) enthalpies of 

formation. 

The low-temperature heat capacities of CAN was measured by vacuum adiabatic 

calorimetry in the temperature range (7 to 338) K. The errors in the determination of heat 

capacities are on average 0.2-0.3 %. The curve of heat capacity exhibits solid-to-solid transition.  
The temperature of the transition, Ttr = 323.7 ± 0.3 K, and the jump of heat capacity, ∆Cp,m = 

91.7 ± 0.2 J∙K
-1
∙mol

-1
, were determined. The standard thermodynamic functions (changes of the 

enthalpy, entropy, and Gibbs energy) were obtained for the crystal state in the temperature 

interval studied. The standard thermodynamic functions for CAN in the crystal state at Т = 

298.15 K are presented in Table 1. 

 

Table 1. Standard thermodynamic functions for CAN in the crystal state at Т = 298.15 K
 

/,mpC  

J∙K
-1
∙mol

-1
 

)()0( 00

m THH m / 

kJ∙mol
-1
 

)(0

m TS / 

J∙K
-1
∙mol

-1
 

)]()0([ 00

m TGG m / 

kJ∙mol
-1
 

1822.6±3.4 309.6±1.5 2050±1 -301±3 

 

 Table 2. Thermodynamic functions of formation for CAN in the crystal state at Т= 298.15 K
 

)(0

mf crH / 

kJ∙mol
-1
 

)(0

mf crS / 

J∙K
-1
∙mol

-1
 

)(0

mf crG / 

kJ∙mol
-1
 

8070±7 -5282±2 -6495±7 

 

The functions of the formation )298(0

mf H , )298(0

mf S and )298(0

mf G were calculated 

for the crystal state on the basis of the obtained experimental data (Table 2). 
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Hydrogen peroxide is one of large-scale products highly demanded in industry and 

laboratory chemistry. Scientific research related to hydrogen peroxide involves the following 

three areas of the study: preparation, application, and stabilization. A considerable progress has 

been achieved in the former two areas [1]. Less advances have been made in investigations 

concerning then stabilization of hydrogen peroxide, which still remains one of the key problems. 

Hydrogen peroxide decomposes on storage when exposed to light or high temperatures, and on 

contact with organic impurities and salts of metals of variable valence [2]. 

In the present work, when studying the synthesis of organic peroxides from carbonyl 

compounds and hydrogen peroxide, we unexpectedly found that aryl alkyl ketones would 

efficiently stabilize aqueous solutions of hydrogen peroxide. We tested aryl alkyl ketones 1–15 

with σ-electron-donating, π-electron-withdrawing, and π -electron-donating substituents for the 

stabilization of hydrogen peroxide [3]. 

 

 
 

Aryl alkyl ketones are proposed as new stabilizers of aqueous solutions of hydrogen 

peroxide. The efficient stabilizing effect is observed within 16–24 months for 33–37% H2O2 in 

the presence of a stabilizer in an amount of 0.005–0.5 wt% of the weight of the solution. Taking 

into account the large scale of application of hydrogen peroxide, as well as the commercial 

availability and low toxicity of aryl alkyl ketones, the results of the present study can find use in 

industry. 

 

This work was supported by the Russian Foundation for Basic Research  

(grant № 16-33-00555). 
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