
 

Full Paper _____________________________________________________ Thematic Section: Preparative Research. 
The Reference Object Identifier – ROI: jbc-01/20-62-4-12                                                   Subsection: Organic Chemistry.          

12 _________ © Butlerov Communications. 2020. Vol.62. No.4. _________ Kazan. The Republic of Tatarstan. Russia. 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/20-62-4-12 
Submitted on April 29, 2020. 

 

Hybrid system «layered magnesium silicate – chlorin е6 
13(1),15(2),17(3)-N,N',N''-(2-hydroxyethyl)triamide» 

 

© Inna V. Loukhina,+ Irina S. Khudyaeva, and Dmitry V. Belykh* 
Institute of Chemistry of Komi Science Centre of the Ural Branch of the Russian Academy of Sciences. 

Pervomaiskaya St., 48. Syktyvkar, 167000. Republic of Komi. Russia. Phone: +7 (8212) 21-99-47. 
E-mail: loukhina-iv@chemi.komisc.ru, belykh-dv@mail.ru 

___________________________________ 
*Supervising author; +Corresponding author 
Keywords: chlorin e6, chlorin е6 derivatives, layered magnesium silicate. 
 

Abstract 
Matrices based on layered silicates have a set of useful properties, in particular, they are able to increase 

the stability and photosensitizing ability of porphyrins. Hybrid systems “layered silicate - porphyrin (metal 
porphyrin)” are promising as active components of systems for light collecting and artificial photosynthesis, 
catalysts, photocatalysts. The hybrid systems with content of 1.4∙10-6 and 4.2∙10-6 mol of the chlorin e6 
13(1),15(2),17(3)-N,N',N''-(2-hydroxyethyl)triamide per 1 g of layered magnesium silicate was obtained by 
heat treatment method of a synthetic layered magnesium silicate of hectorite composition when treated with 
an aqueous-alcoholic solution of organic component. The molar ratio of the starting components is: Mg(OH)2 
: SiO2 : LiF = 1 : 1.51 : 0.25 : chlorin e6 derivative = 1 : 1.51 : 0.25 : (19.93∙10-5 – 59.58∙10-5). Using dynamic 
light scattering and laser Doppler electrophoresis, it was shown that the introduction of chlorin e6 
13(1),15(2),17 (3)-N,N',N''- (2-hydroxyethyl) triamide leads to the growth of hybrid particles (162 ± 3 nm) 
and a decrease in their aggregative stability (-30 ± 1 mV), compared with the initial layered magnesium 
silicate (133 ± 1 nm, -33 ± 1 mV). In this case, the introduction of more hydrophilic chlorin e6 
13(1),15(2),17(3)-N,N',N''-(2-hydroxyethyl)triamidе, in the molecule of which there are three fragments of 
ethanolamine, allows to obtain smaller hybrid particles (162 ± 3 nm), compared with hybrid particles 
(248 ± 6 nm) formed by the action of chlorin e6 13(1),17(3)-N,N'-(2-hydroxyethyl)diamide15(2)-methyl ether, 
in the molecule of which there are two fragments of ethanolamine. Using the methods of X-ray phase analysis 
and electron spectroscopy in the UV-visible region, it was found that individual molecules of chlorin e6 
13(1),15(2),17(3)-N,N',N''-(2-hydroxyethyl)triamide were sorbed on the surface of silicate particles due to the 
electrostatic interaction between the protonated molecules of the macrocycle and the ionized hydroxyl groups 
of magnesium silicate. It was shown that the higher hydrophilicity of chlorin e6 13(1),15(2),17(3)-N,N',N''-(2-
hydroxyethyl)triamide, compared with chlorin e6 13(1),17(3)-N,N'-(2-hydroxyethyl)diamide15(2)-methyl 
ether did not contribute to the intercalation of the organic component into the interlayer space of layered 
magnesium silicate under the conditions of a water-alcohol medium. 
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