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It is difficult to imagine how chemistry, biology and medicine would develop 
today without such analytical research methods as chromatography. After all, high-
tech laboratory chromatographs are widely used in various fields of scientific activi-
ty, namely for the analysis of multicomponent systems, control of food production, as 
well as for the selection and separation into constituent components. The possibility 
of using chromatographic methods to study the quality of soft drinks is shown. 

Key words: chromatography, separation, food, soft drinks. 
 ’         

        -
     .  

        -
,   .      ,  

    , -  ,  -
     ,      -

  .  
        

     « » –  , -
     ,    

 ,   -   [3].  



5

       
         -

 [1]. 
 -       

 ,        -
     ,       
  ,   .     

     :    
 , ,      '  
 .          -

    [4]. 
     ,   -

     ,   -
 ,        -

.   ,  ,       
 ,      ( -

)        
.     ,     -

         
    ,    ,  

 .         -
,          

 .         
          .  
      ,    -
 .       -

  ,       , 
    .    

    . 
,        -

       -
       -
  ,   , :     -

  ;       
 ;       -

;     ,     
   ,    ; -

    ;   
     '      

   . 
   ,       

 , ,   ,   ,   -
,     ,    -

    .  



6

      , -
,         -

  , ,    ;  -
 –    ,    

 [2].  
  ,  –     -

,         
      .  

         
  , ,  ,  , , , -

, , , ,    . 
   

1.  . .       
 / . . , . .  //    -

.  , 2014. – . 14. – . 130–133.  
2.  . .  : ,   -

  (  ) / . . , . . , . . -
   // nnals of Mechnikov Institute,  4, 2010. – . 26-34. 

3.  . .      -
   / . . , . . , . .  

//     .  , 2015. – 
 48. – . 81-87. 

4.  . -        
/ . , . , .  //   , 2012, 

2. – . 70-78.  

 546.06  
 . .,  . . 

    . .  
       

      
         -

.         
. 

 :  , ,    -
 . 

       
  .       

  . 
 :  ,   -

  . 



7

This article analyzed the widespread use of permanent paints and their toxicity. 
The qualitative composition of permanent paints in the conditions of the educational 
laboratory is investigated. 

Key words: permanent paints, qualitative determination of metal elements com-
pounds. 
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The article considers the characteristic complexes of inclusion of 
-cyclodextrins with different molecules. The factors that influence the formation of 

guest-host complexes were analyzed. 
Keywords: supramolecular chemistry, -cyclodextrins, complexes of inclusion. 
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This article analized the role of Calcium in the humans body and the main ways 

of its receipt. The quantitative content of Calcium in some foodstuffs and pharmaceu-
ticals in the conditions of the educational laboratory. 

Key words: Calcium functions, Calcium content in humans body, Calcium quan-
tification, Complexometric titration. 
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Based on the results of the analysis of literature data, a modified method for the 
synthesis of Na3Fe2 (PO4)3 were tested. Its essence was to obtain a reaction mixture 
by draining 1 M solutions of Na2HPO4, FeCl3 and phosphoric acid in stoichiometric 
proportions, followed by evaporation of the liquid in a water bath to obtain a dry res-
idue, which was annealed at 1073 K for 4 hours. Phase homogeneity was proven by 
powder diffraction. 
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This article describes the modification of [1,2,4]triazolo[1,5-a]pyrimidine deriv-
atives, simulated the pharmacological activity of the derivatives obtained, and their 
probable toxicity 

Key words: [1,2,4]triazolo[1,5-a]pyrimidine derivatives, toxicity, pharmacologi-
cal activity. 
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Substances. ,        
    potassium channel small-conductance Ca-activated ac-
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tivator, neurodegenerative diseases treatment, cyclic AMP phosphodiesterase inhibitor, 
chronic obstructive pulmonary disease treatment, phosphodiesterase 10A inhibitor, di-
hydroorotase inhibitor ( . 1). 

 1 
        

  3  3  3  3  3  
Potassium channel small-conductance Ca-
activated activator 0.885 0,829 0,791 0,850 0,798 

Neurodegenerative diseases treatment 0.766 0.754 0.731 0,832 0.745 
Cyclic AMP phosphodiesterase inhibitor 0,744 0,820 0,787 0,617 0,768 
Chronic obstructive pulmonary disease 
treatment 0,726 0,765 0,690 0,637 0,765 

Phosphodiesterase 10A inhibitor 0,652 0,565 0,561 0,240 - 
Dihydroorotase inhibitor 0,647 0,597 0,580 0,622 0,582 

       -
 USAR Online  

 2 
       

 
Rat IP LD50 

(mg/kg) 
Rat IV LD50 

(mg/kg) 
Rat Oral LD50 

(mg/kg) 
Rat SC LD50 

(mg/kg) 
Classification Classification Classification Classification 

3a 118,400 144,400 604,400 178,400 
Class 4 Class 4 Class 4 Class 4 

3  120,400 139,900 508,400 206,500 
Class 4 Class 4 Class 4 Class 4 

3  253,500 123,800 525,500 272,300 
Class 4 Class 4 Class 4 Class 4 

3  190,400 148,200 745,700 311,400 
Class 4 Class 4 Class 4 Class 4 

3  203,900 120,100 413,900 283,500 
Class 4 Class 4 Class 4 Class 4 

   GUSAR Online    -
          . -

 ,     ,     ,   
4  . .      

 3 -      118,4  253,5 / ,  -
    120,1 – 148,2 / ,       

413,0 – 745,7 /     —  178,4  311,4 / . ( . 2) 
 3 

      
 LogP LogBCF 

3a 0,49±0,81 0,14±1,0 
3  1.02±0,81 0,55±1,0 
3  1,55±0,81 0,95±1,0 
3  2,68±0,82 1,81±1,0 
3  2,27±0,81 1,49±1,0 
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Obtaining polymer concrete can be useful for the recycling of PET bottles, thin 
plastic emissions, does not require sophisticated equipment. 

Polymer concrete – plastic waste – polyethylene terephthalate 
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Today, particular research interest is in the study of polymer films based on bi-
nary systems of conductive polymers and nonconductive matrices, namely: styrene 
copolymer with maleic anhydride in polyamino arene composites. 

Polymer-polymer composites based on styrene-maleic anhydride (styromal) co-
polymer with aminoarenes were synthesized by oxidative polycondensation of mon-
omers in a mixed solvent of water-dioxane (1: 1), in the presence of equimolar 
amounts of oxidantoic acid sulfonic acids (TSC). 

The styrene matrix significantly affects the rate of formation of polyami-
noarenes. There is a uniform accumulation of olyorthototoluidine (P TI) and poly-
anisidine (P A), which is expressed in the almost linear dependence of the change in 
optical density over time, probably due to the interaction of the amino arene with the 
acid groups of the macromolecules of the styromal 

Key words: conductive polymers, styromal, oxidation polymerization, ami-
noarenes. 
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This article presents the synthesis of new 1,3-oxazole derivatives, simulated the 

pharmacological activity of the derivatives obtained, and their acute toxicity is eluci-
dated. 
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       [1]. 

       -
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,    -4-       -
        -

 -     IV [3].  
       1,3 – . 

        
     , ,  , 

.  ,  ,   , -
        . 

        [1,2]. 
N-( )-4,5- -2-    -

        [4].  
  -       -
. 

      5- -1,3-   -
 - - . 

  1,3-       : 
CH3O O

NH2

O

N

R

 
 :  
 
 
 
 

   ,   ’   1,3-   
-   F      77-84,3%. 

        
   1 - . 

      -
   ’   PASS. ,   

       testosterone 17-
beta-dehydrogenase (NADP+) inhibitor, nicotinic alpha-6-beta-3-beta-4-alpha-5- 
receptor antagonist, antiseborrheic, glucan endo-1,6-beta-glucosidase inhibitor, 
phobic disorders treatment, lysase inhibitor, cognition disorders treatment. 

 1 
        

  1a 1b 1c 1d 1e 1f 1g 1h 
Cognition disorders treatment 75,4 84,6 91,2 67,8 54,2 78,2 - 54,7 
Testosterone 17-beta-dehydrogenase 
(NADP+) inhibitor 

78,6 82,3 73,5 66,8 77,7 79,8 89,5 75,5 

Nicotinic alpha-6-beta-3-beta-4- 83,4 79,0 80,1 73,9 84,3 80,8 79,6 66,3 

1 R 1 R 
a H e CH2OH 
b CH3 f CHO 
c CH2Cl g COOH 
d CH2NH2 h COOCH3 
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alpha-5- receptor antagonist 
Antiseborrheic 65,7 70,3 - - 61,2 63,4 76,5 56,4 
Glucan endo-1,6-beta-glucosidase 
inhibitor 

65,0 66,4 56,7 - 79,5 67,8 83,5 58,1 

Phobic disorders treatment 75,8 74,9 74,0 78,5 74,7 75,4 - 77,0 
Lysase inhibitor 62,8 66,8 66,4 50,1 68,6 62,2 75,9 56,9 

       -
 GUSAR Online. 

 2 
       

 Rat IP 
LD50, mg/kg 

Rat IV 
LD50, mg/kg 

Rat Oral 
LD50, mg/kg 

Rat SC 
LD50, mg/kg 

Classification Classification Classification Classification 
1a 125,6 27,4 577,6 206,4 

Class 4 Class 3 Class 4 Class 4 
1b 74,75 23,4 516,9 192,1 

Class 3 Class 3 Class 4 Class 4 
1c 158,8 31,42 383,8 234,0 

Class 4 Class 3 Class 4 Class 4 
1d 119,2 55,47 319,8 238,0 

Class 4 Class 4 Class 4 Class 4 
1e 234,0 52,05 682,4 280,1 

Class 4 Class 4 Class 4 Class 4 
1f 256,1 35,68 1454,0 294,4 

Class 4 Class 3 Class 4 Class 4 
1g 291,1 159,7 1366,0 750,3 

Class 4 Class 4 Class 4 Class 4 
1h 205,2 59,6 689,6 365,8 

Class 4 Class 4 Class 4 Class 4 
,   ,     ,   3-4 

 .      
 3 -h     74,75  291,10 / ,  -

  –   23,40 – 159,70 / ,     –  
 319,40 – 1454,00 /     –  192,10  750,30 / . 

 3 
      

 LogP LogBCF 
H 1.17±0.76 0.7±1.0 
R1:CH3 1.22±0.81 0.7±1.0 
R2:CH2Cl 1.45±0.82 0.9±1.0 
R3:CH2NH2 0.48±0.84 0.1±1.0 
R4:CH2OH 0.43±0.84 0.1±1.0 
R5:CH=O 0.97±0.87 0.5±1.0 
R6:COOH 0.71±0.89 0.3±1.0 
R7:COOCH3 1.29±0.88 0.8±1.0 

    ACDLABS    -
  .   ( . 3) ,   
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Zhang, F. Yi, M. Cai. Chemistry a European Journal, 2017 P. 4–8 

2. An efficient [2+2+1] synthesis of 2,5-disubstituted oxazoles via gold catalyzed 
intermolecular alkyne oxidation. H. Weimin, L. Chaoqun, I. Liming. Chemistry a 
European Journal, 2011 P. 23–38 
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The paper analyses the functional abilities of «ColorKit» software, and it 
concludes its universality and expediency of the usage in STEM-education.  

Key words: education software, colorimetric, spectrophotometer, refractometer. 
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This article describes a comparison of hypochlorite and ionometric methods for 

determining the content of bromine ions in brines of the Pripyat trough of the Repub-
lic of Belarus. The use of the most effective analysis method for determining the con-
tent of certain halide ions in highly saline waters is substantiated.  

Keywords: Pripyat trough, brines, bromine, hypochlorite method, ionometric 
method. 
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  [3].        -

    . 
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      0  10 .    

  ,     -
     1. 

 1 
       -

    
   -
  

  
  

0,0 0,005 0,000 
0,25 0,260 0,245 
0,5 0,610 0,449 
1,0 1,050 1,005 
2,0 2,085 1,995 
5,0 5,105 5,010 
10,0 - - 

       -
      ,  

        μ.  
        

= 2, f1 > 10  f2 > 10.    μ1  μ2 ,    
t   . 

        -
    (     F. 

     

F = 2
1

2
1

S
S

. 

       
  .   F     -

  ,  ,      -
   ,   –  . 

 F        . 
  F     F (P1, 1, 2), 

  P1 = 99%. 
    F   F > F (P1, f1, 

f2),          -
 P1,        -

  .   : F  F (P, f1, f2), -
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             -
        

 [4]. 
      2. 

 2 
      

    s P (P, 
) x 

F(P1, 1, 
2), P = 

99 % 
- 

 0,5 2 0,610 0,0018 0,95 4,30 - - - 19,00 28,13 - 

-
 0,5 2 0,449 0,000064 0,95 4,30 - - - 19,00 28,13 - 

 ,    2     
 ,    ,  -

,          -
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 5,6,7,8- -2,2 ,8 - [c,d] -3-   
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     . 

 :  5,6,7,8- -2,2 ,8 - -
[c,d] -3-    , , , 

 . 
The article discusses the synthesis and antiviral activity of new derivatives of 

5,6,7,8-tetrahydro-2,2a,8a-triazacyclopenta[c,d]azulene-3-carboxylic and carbothion-
ic acids. It is established that they may be promising for the search for new domestic 
antiviral drugs. 

Key words: 5,6,7,8-tetrahydro-2,2a, 8a-triazacyclopenta [c, d] azulene-3- car-
boxylic and carbothionic acids derivatives, Ribavirin, Amizon, antiviral activity. 
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     ’      -
 -   [15, 16].  

   . 
    1-( - )-4- -5,6,7,8- -

-2,2 ,8 - [c,d] -3-  (4 a,b)   (5 
c,d)    : 

N
N
N

CH3

N
N
N

+

O

CH3

N

N
N

N
H

S

CH3

NN
N

CH3

R1

PhCOCH2Br

Br

ArNCS

N

N
N

N
H

O

CH3

Cl

R
ArNCO

NaOH

1                                                  2                                                   3

4 a,b                                                                5 c-f  
: 4 R = a) H, b) Cl, 5 R1= ) H, d) 2-CH3, e) 3-CH3, f) 4-CH3. 

3-( - )-6,7,8,9- -5 -[1,2,4] [4,3- ]  (3)  
   [17].  (4 a,b)   (5 c-f)   -

 [18]. 
    1-( - )-4- -

5,6,7,8- -2,2 ,4 - [cd] -3-   
(5 )   ,    [15].    -

 (5 )       
California/07/2009 (H1N1) ( . .). 

. 
   1-( - )-4- -5,6,7,8- -

2,2 ,4 - [cd] -3-     Flu A 
H1N1 California/07/2009 [15]. 

    EC50, /  IC50, /  SI 

 
N

N

N

NH
S

CH3

 

Flu A (H1N1) 
California/07/2009 0.47 97 200 
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 N N
N

NH2

O

O

OHOH

OH

 

Flu A (H1N1) 
California/07/2009 8.7 >320 >37 

 
N

+
N
H

O

I

 

Flu A (H1N1) 
California/07/2009 47 >100 >2.1 

: 
1. EC50 -  ,     /     -

,      50%      . 
  / . 

2. IC50 – ,       50%.   
/ .  

3.SI –  ,     ,   -
 50  50. 

    ,    1-
( - )-4- -5,6,7,8- -2,2 ,4 - [cd] -3-

  (5 )       18  
   EC50    ,   10   

 .      5,4    
  95,2 –  . 
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 542.61: 546.47/49’24 
1  . ., 2,3  . ., 1  . . 

1  . ., 1  . . 
1       

2         
3   « -  » 

   ZnxCd1-xTe  Cd0,2Hg0,8Te  
  HNO3 – KI ( ) 

     CdTe   -
 ZnxCd1-xTe (  = 0,04  0,1)  Cd0,2Hg0,8Te    -

 HNO3–KI–  ( ).    -
       .   -

,         -
       -

       
     . 

 : ,  , , , 
 ,  ,  . 

     CdTe 
   ZnxCd1-xTe (  = 0,04  0,1)  Cd0,2Hg0,8Te  -

   HNO3–KI–  ( ).  
        -

 .     -
       -
       

       -
  .  

 : ,  , , -
,  ,  ,  . 

The chemical interaction of CdTe single crystals and ZnxCd1-xTe (x = 0.04 and 
0.1) and Cd0,2Hg0,8Te solid solutions in iodine-educing solutions HNO3–KI–
dimethylformamide (DMFA) was investigated. The concentration limits of solutions 
were determined. Their action on the surface of the semiconductors designed and op-
timized etching compositions for polishing the surface of mono-crystals. There are 
selected technological modes of treatment with optimized etching mixtures of the 
above-mentioned semiconductor materials for forming a quality surface in the manu-
facture of working elements of semiconductors instruments. 

Key words: etching, chemical dissolutions, polishing, surface, solid solutions, 
etchant compositions, iodine-educing solutions 

   VI,       
        -

,    ( )  ,    
 ,     -
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   .     -
       -

 [1].        -
         -

 ,       -
         -
,     .    -

      ,    
      [2]. 

       -
    ,    

  [3-5].      
  ,       ,  

   . 
     -

 Zn0,04Cd0,96Te  Zn0,1Cd0,9Te    0,5 2,   – 1,5-2 
.      ,  -

 [6],          
 -1    0,5 ,     

,  ,   5 %.  
      ( ),  -

   ( )     20  (21 .%). 
        

(HNO3)   .  
6KI + 8HNO3 = 3I2 + 2NO + 6KNO3 + 4H2O 

           
 .     15 .% -

        . -
    2     -

  .      0,4  -
   (Na2S2O3)     .  

      -
      HNO3–KI–

 ( )   . 1. ,  -
         -

   ZnxCd1- Te  0,5  2,5 / .   3-6 
.% HNO3  ,     . 

       -
       1,6-2,5 / . 

,    Zn    ZnxCd1- Te -
      ,    

’          . 
        

   12 .%,     -
   ( )   .    -
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     3-15 / ,    -
   .  

 
. 1.     ( / ) CdTe (1), Cd0,96Zn0,04Te (2), 

Cd0,9Zn0,1Te (3), Cd0,2Hg0,8Te (4)   HNO3 – K  – DMFA (  = 293 ,  = 82 –1). 
  HNO3 – KI –      -

 ZnxCd1- Te        
.       

       . 
  : 

1. Chayka M. V. Chemical interaction of CdTe, ZnxCd1-xTe and CdxHg1-xTe with 
2Cr2O7-HBr (HCl) aqueous solutions / M. V. Chayka, R. O. Denysyuk, Z. F. 

Tomashyk, V. M. Tomashyk // Voprosy khimii i khimicheskoi tekhnologii. – 
2018. –  1. – P. 51–56.  

2.  . .,  . .,  . .,  . .,  
. .      / 
. . , . . , . . , . . , . .  

– .:   , 1982. – 136 . 
3.    dTe    Cd1-xMnxTe  

  2 –  / . . , . . , . . , . . 
, . .  //     . – 2009. – . 10,  1. – . 

134-137. 
4.  . .,  . .,  . .   

  ZnxCd1–xTe  Cd0,2Hg0,8Te    2–
/ . . , . . , . .  //    

 . – 2016. – . 2 (106). – . 51-55 (52-56) 
5. Chayka M. V. Chemical-mechanical polishing of CdTe, ZnxCd1 xTe and 

CdxHg1 xTe single crystal surfaces by K2Cr2O7—HBr—solvent etchants / M. V. 
Chayka, Z. F. Tomashyk, V. M. Tomashyk, G. P. Malanych, A. A. Korchovyi // 
Functional Materials. — 2019. — Volume 26,  2. — P. 412–418. 

6.  . . X    CdTe, ZnxCd1-xTe  CdxHg1-xTe 
  K2Cr2O7 – HBr –   /  . ., -

 . .,  . .,  . .,  . . //   
 . – 2018. . 805.: . – C. 46-52. 
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 . .,  . . 

      
      

 
      -

        
.       

 20 %  50-      .  -
      ,   

  .       -
       . 

The influence of road traffic load on the enzymatic activity of the soil along the 
highway with an average traffic flow intensity was studied. There was a significant 
increase in the activity of protease enzymes by 20 % at a 50-meter distance from the 
edge of the roadbed. The seasonal nature of changes in the activity of the enzyme 
with the maximum occurring during the active vegetation period was revealed. In 
General, according to the activity of soil proteases, the state of the soil cover along 
the highway was assessed as disturbed. 

 : ,  , -  -
,  ,  , , .  

      -
       -

  .      
    – ,   

.       -
   ,       

     [1]. 
      

 ,      -
        -

.      , , -
         -

   ,    -
        [2].  

 ,      -
,   , , .    -

       , 
        [3]. 

  ,      -
     .  

      -
-       «  10» (  

),        . 
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, ,    2019 .    -

           -
 (5, 30  50 )   0-20 .   -
    ,    -

   3 .   ,     
. . [1],       . -

  -   : ,  
,      . 

      : -
    ,   

–    ,    – -
    [4].    -

     . .  [5]. 
,     «  10» (  ), -

   :   
 (  5,0),    (   -

 1 %),     ( 2 5)  4,5  / 100 
 .  

         1.  
 1 

         2    24  
 /   

   
   

     
1/5  

5,1
6,14,1  

05,1
2,19,0  

05,1
2,19,0  

9,0
0,18,0  

1/30  
6,1

7,15,1  
3,1

4,12,1  
3,1

4,12,1  
1,1

2,10,1  

1/50  
6,1

7,15,1  
4,1

5,14,1  
4,1

4,13,1  
2,1

3,12,1  

2/5  
7,1

8,16,1  
4,1

5,13,1  
2,1

3,12,1  
2,1

3,11,1  

2/30  
0,2

2,28,1  
6,1

7,15,1  
3,1

4,13,1  
4,1

4,13,1  

2/50  
1,2

2,20,2  
7,1

8,16,1  
4,1

5,14,1  
4,1

5,14,1  

: maxmin    

         -
    0,8 - 2,2   / 2    24 ,  

      ,   
 . .  [6] (  2).  

        1,4-2,2 
   2    24   ,  0,8-1,5    2    
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24  –  .       
  ( )     [7].  -

    50-      -
  20 %    5-  .    

       
( . 1),       

      5  50  (F  (57,6) > F  

(3,91),   << 0,01).  
 2 

      . .  
    ,   / 2    24  

  <5 
 5-10 

  15-50 
 50-150 

  >150 
        

  ,      -
 :       20 0C, 

  – 620 ,   –  15 0C,   – 
630 ,  –  10 0C,   – 610 ,   –  7 
0C,   – 620 . 

  
  

  
  

. 1.       
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 :     « -
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 544.1+[54.014+577] 
 . .,  . . 

    . .  
       

 
         -

     ,      . 
      l3+,    -

       . -
        .  

 :   ,   , -
 . 

         
     ,   
   .      -

 l3+,       
    .   -

      . 
 :   ,  , -

 . 
The article gives a brief overview of the results of scientific research on the 

mechanisms of action of Aluminum on plant organisms, the peak of which has been 
observed in recent years. The toxicity of Aluminum in the form of the Al3+ cation, 
which is the predominant water-soluble form of this element in acidic soil solution, is 
shown. Modern ideas about mechanisms of plant tolerance to Aluminum are discussed. 

Keywords: Aluminum in plants, Aluminum tolerance, Aluminum toxicity. 
 ,      70  ,  -

 24           . -
   ,       0,001 %  0,00001 % –  -

.       .   -
          

,         .  
         . -

  Al     8 % (  ),    -
        .   l -

        ,    
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,   .      
Al      . ,  

    ~0.45 % Al;  ,     
( , ,  ) – ~7-9 % Al,     – 10-11 % Al. 

        Al    . ,   
       10-15 :   -

   ~8 %,   – ~2,5 %,    –  ~0,4 %.  
          . ,  

,     12 3,  Al   
14 %,    6-7 %,   – 1.5-2 %,     0.1-
0.5 % Al.       1 – 2 %  15 – 20 %,   -

 ,     ,    -
     ,   40 % [1]. 

   ,       
  pH = 5        
   [Al(H2O)6]3+,     l3+. 

,    ,         
     Al2( )2

4+, Al2( )3
3+, Al3( )6

3+, 
Al6( )15

3+, Al2( )4
2+, Al4( )10

2+, Al3( )8
+.    Al3+ 

( ,   Al( )3)      . 1.  
      ,   -

   Al3+       = 4,5 
   10–2 / 3 [1, 5]. ,      Al 

  ,   Al3+      
         -

   .  

 
. 1.    Al3+     Al( )3 

 Al      -
       .   -

 A    [Al(H2O)6]3+.   -
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,         -
  ,     .  

,   ,    ,    
Al    Al,   ,    -

             
    [3]. 

          
 :  (  , ,    

);  ( , , , ,  , , ); 
  ( , ,  , , , , -

, );  ( , , ,  )  .  
        -

   ,    ,  
        Al 

  .       Al, 
’           

.      Al3+   
 ,   – ’      

,      ,   -
   .      

      [3]. 
, Al-   , , , -

, ,     Al      -
,     Al3+ [3].   Al-    -

         
:        ,  -

    –  ,    –  -
.        '  Al,  
    .  ,    , -

,       de novo,     
  ,    .  ,  

        . , 
    ALMT1,       

     Al    . -
       ,  

    ,     Al  
 (Brassica napus),  (Arabidopsis thaliana),  (Nicotiana 

tabacum)   (Medicago sativum). ,     
       – -

,         Al3+ [2, 6]. 
   ,    -

 Al     –    -
,  , ,   ,   -

    Al3+,    pH. 
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       '   
   .   Fe3+   

,         
 ,    .     
         . 

  ,        , 
  (Camellia sinensis), Miscanthus sinensis,  (Quercus serrata), -

  (Melastoma malabathricum).    , -
 Al,      [2].     Al  

 ,        . , -
   Al2O3 (  79,6 %)      -

   (Grevillea robusta).   (Melastoma 
malabathricum)  Al      .   

     ,   -
   .   Al  ,    -

,      ,     
.        

(Lycopodium clavatum L.),    52 %  .  
 ,         

         l3+, -
   .    ’    

         
,    .      -

       , 
        Al   . 
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 544.7 
1  . ., 1  . ., 1  . ., 2  . ., 3  . . 

1       
2  -  -   

3    . . .    
    ( ) 

  
      . 

           
.        -

 Pb2+  . 
 : , , , , . 

     -
 .        -

    .    -
     Pb2+  . 

 : , , , , -
. 

The synthesis was made of the magnetosensitive sorbents based on single-
domain magnetite. The investigation was carried out on the size distribution of mag-
netite nanoparticles in ensemble and their magnetic properties. Comparative investi-
gations were carried out on the isotherms and kinetics of adsorption of Pb2+ ions by 
nano-sized magnetite. 

Keywords: adsorption, magnetite, magnetosensitive nanocomposites, ions of 
precious metals. 

      -
        [1-3].  

        -
 -  ,   -

         , 
         

   [2-3].  
       -

         
,        -  

   ,      (   
) [1-2]. 

       -
  (Fe3O4)     

 Pb2+   .  
  [3-4]      

  : 
Fe2+ + 2Fe3+ + 8NH4OH  Fe3O4 + 4H2O + 8NH4

+. 
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     ,  -
 . 

    ( . 1.),   
   3 – 23    . 

      ,   -
    .  

 
. 1.    Fe3O4 

,     ,  -
    ,  S = 90 – 180 2/  (  

      KELVIN 1042  “COSTECH 
Instruments”).  

      -
  ( , Transmission Electron Microscope JEOL 2010). 

     (N = 217),    
      2.  

 
. 2.         -

   : (d) = 9,38 , d = 3,38 . 
      dmin = 2,9   dmax = 22,9 . 

 Pb2+       10  200 
/ .  0.03    5    -
  .        3 

      = 7,0 – 7,5   .  
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     -
  Pb2+         -

      - 115    
 - . 

   ( / )   : 
 = ( 0- p) V/m, 

 0  p –        ( / ), 
V –   ( ), m –   ( ).  

   ( / )  Pb2+   
  ,   R, %   : 

 = / , R, = [( 0 – )/ 0] 100, .  
   ,     

( )   Fe3O4   10 – 30  
       

  ,    -
  .  

,   ,    -
   20,1 / ; 60,3 %  253 /  .  

      
        -

 ,   ( ). 
: 

1. A.P. Shpak, P.P. Gorbyk (eds.). Nanomaterials and Supramolecular Structures: 
Physics Chemistry, and Applications. Springer. – 2009. – 420 .  

2.     , ,  / . 
. . . , . .  //  . . , . . . : 

. . – 2011. – 444 .  
3. A.L. Petranovska, N.V. Abramov, S.P. Turanska, P.P. Gorbyk, A.N. Kaminskiy 

N.V. Kusyak. Adsorption of cis-dichlorodiammineplatinum by nanostructures 
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Volume 5, Issue 3 (2015), Page 275-285.  
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 54.057:001.891:615.28:615.31 
2  . ., 2  . ., 1  . ., 1,3  . . 

1  „      ; 
2      ; 

3      . . .    
 3- -2-(6,7,8,9- -5 -[1,2,4] [4,3-

] -3- )-      
 

       3- -
2-(6,7,8,9- -5 -[1,2,4] [4,3- ] -3- )- . 

,         -
  .  

 :  3- -2-(6,7,8,9- -5 -[1,2,4] [4, 
3- ] -3- )- ,  . 

      -
 3- -2-(6,7,8,9- -5 -[1,2,4] [4,3- ] -3- )-

. ,        
   .  

 :  3- -2-(6,7,8,9- -5 -[1,2,4] 
[4,3- ] -3- )- ,  . 

The article investigated the probable pharmacological activity of derivatives of 3-
aryl-2-(6,7,8,9-tetrahydro-5H-[1,2,4]triazolo[4,3-a]azepin-3-yl)-acrylonitriles. It was es-
tablished that they can be promising for the search for new domestic anticancer drugs. 

Key words: derivatives of 3-aryl-2-(6,7,8,9-tetrahydro-5H-[1,2,4]triazolo[4,3-
a]azepin-3-yl)acrylonitriles, antitumor activity. 

 [1–2]       -
  .     : 
–    3- -2-(6,7,8,9- -5 -[1,2,4]  

[4,3- ] -3- )- ; 
–  ; 
–    .  

,      3- -2-(6,7,8,9-
-5 -[1,2,4] [4,3- ] -3- )- ,  :  

 

a R1 = H, R2 = OCH3, R3 = H. 
b R1 = H, R2 = OH, R3 = H. 
c R1 = OCH3, R2 = OCH3, R3 = OCH3. 
d R1 = OC2H5, R2 = OH, R3 = H. 
e R1 = OC2H5, R2 = CH3COO, R3 = H. 
f R1 = H, R2 = C2H5COO, R3 = H. 
g R1 = H, R2 = CH3COO, R3 = H. 
h R1 = H, R2 = C2H5COO, R3 = OCH3. 
i R1 = H, R2 = OCH3, R3 = OH. 
j R1 = H, R2 = CH3COO, R3 = OCH3. 

        
   1 - . 
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      -
 ’   Prediction of Activity spectra for Substances [3]. 

,        -
 ,       -

 (Membrane permeability inhibitor),  (Cytoprotectant)    
  Antineoplastic (pancreatic cancer) . 

 1. 
    3- -2-(6,7,8,9- -5 -

[1,2,4] [4,3- ] -3- )-  
 a b c d e f g h i j 
Antineoplastic 
(pancreatic 
cancer) 

64,1 70,8 70,8 59,1 57,8 59,3 63,7 56,1 62,9 59,7 

Membrane 
permeability 
inhibitor 

53,9 65,7 62,8 56,9 56,4 54,6 51,8 51,7 40,7 35,7 

Cytoprotectant 35,8 43 44,9 46,5 53,6 37,3 52,7 41,7 50,6 56,9 
      , -

 ,    : 
   (   ) 

b > c > a > g > i > j > f > d > e > h 
    

d > e > i > b > j > a > g > c > h > f 
  

h > i > f > e > g > c > b > d > j > a 
      -

 ’   [6]. ,     
    4  5     . . -

 [5, 6]. 
    ,   -

      3- -2-(6,7,8,9- -5 -
[1,2,4] [4,3- ] -3- )-     -

 . 
   

1. Demchenko, S. A., Yeromina, H. O., Perekhoda, L. O., Bukhtiarova, T. A., 
Bobkova, L. S., & Demchenko, A. M. (2018). Synthesis and an lg sic properties of 
(3-allyl-4-aryl-3H-thiazol-2-ylidene)-[4-(6,7,8,9-tetrahydro-5H-[1,2,4]triazolo[4,3-a] 
azepin-3-yl)phenyl]amine derivatives. Farmatsevtychnyi Zhurnal, (1), 67-73. 

2.  . .,  . .,  . .,  . . ,  -
 . .,  . . 3-(4- )-2-(6,7,8,9- -5 -[4,3-

] -3- )- ,      -
.   135585.  . 10.07.2019, .  13. 

3.  ASS Online. [  ]. –   : 
http://www.pharmaexpert.ru/passonline. –    (08.04.2017). 
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http://pharmaexpert.ru/GUSAR/acutoxpredict.html. –    
(08.04.2017). 

5.  . . //     . – 
. : , 1979. – . 13. – . 47–51. 

6. Hansten P.D., Horn J.R., Hazlet T.K. ORCA: Operational Classification of Drug In-
teractions. J. Am. Pharm. Assoc. 2001; 41:161-165. 

 631:526:633.8 (477.87) 
1  . ., 2  . ., 3  . ., 4  . . 

1       
2    . .   

3      
4  .   

     
 (LEVISTICUM OFFICINALIS C. KOCH.)   

 
  –   .   

        .  
         -

 . ,      ,   
          

 . ,         
  ,      .   -

     .  
  –    . 
        -

,     .     
       . , 

         -
      .  

,        ,     
 .       -

    .  
Levisticum officinalis C. Koch. – is a valuable perennial plant. Owing to its bio-

chemical composition it has a wide range of usage in medicine and food industry. 
However, there is a lack of information as to the essential oil accumulation during the 
various stages of plants’ development. That’s why the main issue which had been 
viewed in the article was the study of the content of the essential oil in the lovage 
medicinal plants in the conditions of the lowlands of Transcarpathia. It had been es-
tablished that the content of the essential oil in the plants depends both from the vari-
ety assortment and the phase of the plant’s development. Its major amount is being 
accumulated in the period of the plants’ tillering phase. 
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 : ,  , , ,  
, ,  

 Levisticum officinalis C. Koch.    
- ’       .  -

  – , ,      . -
     –  , , ,   

, ’    .      -
      , ,    .  

  ,  ,   .   
    .      -
   ,    ,   -

    ,  ,  ,  -
-  .       , 
        [1–4].  

  – ,  ,   
 .       -

       –   -
     ,    

,       -
   ,     .  

        (  
 –  (2008)   (2015).  

         -
        -

            
 .  

  7   –     ,  
   ,    -

   [5-8, 10,],      -
   [9].        

     [7,11-13]. 
        -
 7-8 0 ,   ’   15-  .   

     (  )   29-40-  
,    ( , ) –  52-57-  -

,   (     –   ) – 
 66-71-  .       120-180   -
.          -
,  ,  115-127 .  

        ,   
     .    

        2-3 . -
      ,       

     330,0-503,0     -
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    50-55 %.       -
     ( . 1).  

 1 
      

 ,   
330,0-412,5 - 
412,6-502,5 - 
502,6--592,0 ,  
593,1-682,5 Lovedge, -3, Redeji 
682,6-775,0 ,  

 ,       -
    :  – 707,5 ,   

  53,6%,  – 700,0   52,0 %, Redeji – 682,5   56,2%, -3 
– 652,5   51,1%. 

        
    ,     , -

         .  -
      ( . 2).  

 2 
       

   (   2011-2016 .) 
  

 St Lovedge Redeji  -3   
 : 

 , % 17,2 19,3 19,8 20,2 16,2 23,0 20,4 
 , /100  22,0 16,3 21,2 32,3 25,6 26,0 32,5 

 , %    0,16 0,19 0,20 0,28 0,20 0,22 0,28 
,   ,      -

.      Redeji   1570 /  (  – 2000 
/ ),   –  -   – 638 / .  

       – 32,5 /100 ,   
 – 32,3 /100 ).       (26,0 /100 )  -3 (25,6 

/100 ).        22,0 /100 . -
        Lovedge (16,3 /100 

)  Redeji (21,2   100 ).  
     0,16 %  0,28 %      0,71 

%  0,93 %    .       – 0,28 
% (  0,80 % . . .)  – 0,28 %(  0,93 % . . .).  

    ,    -
           -

 ( . 3).  
 ,        16,2 %  

2013 .  22,0 %  2015 .      
  –     22,6 %  25,8 %.   

           14,7 % 
(2013 ., )  29,5 % (2015 ., ). 
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 3 
       

  (2011-2016 .) 

  
   

 , %  , /100   , % ( . . ) 
.+s ., V+sv., % .+s ., V+sv., % .+s ., V+sv.,% 

2011 0,88 17,8±0,35 24,6±0,47 20,8±0,06 34,2±1,63 1,53±0,06 22,6±0,82 
2012 0,60 20,3±0,60 22,6±0,45 31,5±0,16 23,1±1,50 0,82±0,04 24,7±0,93 
2013 0,81 16,2±0,23 25,8±1,02 26,0±0,09 25,3±1,72 0,97±0,06 24,1±1,02 
2014 0,88 18,6±0,46 23,9±1,00 51,3±0,21 21,3±1,70 1,51±0,10 23,8±0,86 
2015 0,53 22,0±0,51 22,8±0,48 21,1±0,09 26,5±1,72 0,79±0,04 25,1±1,12 
2016 0,92 17,1±0,34 23,5±0,95 25,2±0,08 22,3±1,65 1,11±0,16 24,5±0,92 

        .  -
  ,  ,     20,8 /100  

(2011 .)  51,3 /100  (2014 .),    –  19,0 /100  (2015 ., 
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      . -

 2-[(4,6- -1,3,5- -2- ) ]-N- - . -
     -    ,   

       . 
  : , ,  ,  2-[(4,6-

-1,3,5- -2- ) ]-N- - . 
     -

 .  2-[(4,6- -1,3,5- -2- ) ]-N-
- .      -  

  ,         -
   . 

  : , ,  , 2-[(4,6-
-1,3,5- -2- ) ]-N- - . 

Chemical modification of the active ingredient of the herbicide Simazin is consid-
ered. Synthesized 2-[(4,6-dimethyl-1,3,5-triazin-2-yl)sulfanyl]-N-phenyl-acetamide. 
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The synthesized substance is of interest as a building block for further syntheses, as 
well as a substance with potential antiradical and biological properties. 

Keywords: simazine, herbicides, chemical modification, 2-[(4,6-dimethyl-1,3,5-
triazin-2-yl)sulfanyl]-N-phenyl-acetamide. 
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2. Synthesis and antioxydant activity of 6-(N1-benzylidenhydrazino)-N,N1-
diethyl[1,3,5]triazin-2,4-diamino derivatives Moskalenko O.V., Huz A. M., 
Sukhoveev V.V., Demchenko A.M.  – .   -
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The article discusses the synthesis and some properties of segmented polyure-

thanes medical application, which are containing of isomeric perfluoroaromatic ex-
tenders of the polymer chain. 

Key words: segmented polyurethanes, perfluoroaromatic extenders, isomerism. 
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 12-     
      12-   

 ,     .    
   .  (NH4)3PMo12O40×16H2O  . 

       .  
 Na3PMo12O40×16H2O      .  

      12-  
  ,    .   -

    .  (NH4)3PMo12O40×16H2O  
.        
.   Na3PMo12O40×16H2O   -

    . 
Using the exchange reaction in solution the 12-molybdophosphates of sodium 

and ammonium, which belong to the Keggin structure, were synthesized. The 
obtained samples were studied by XRD and DTA methods. The synthesis of 
(NH4)3PMo12O40×16H2O is quantitatively. The results of studies the XRD are in good 
agreement with the literature data. In the case of Na3PMo12O40×16H2O, the resulting 
product is a mixture of several phases. 

 : ,  ,   
 ( ) –  ,    

    (Mo, W, V, Nb).   
-   ’      ,  

   ,     -
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(NH4)3PMo12O40×16H2O  Na3PMo12O40×16H2O.    

       .  
      (NH4)3PMo12O40×16H2O  

Na3PMo12O40×16H2O     NH4H2PO4, 
(NH4)6(Mo7O24)×4H2O, NaH2PO4×2H2O, Na2MoO4×2H2O  HNO3 (1.387 / 3) 

  .   (NH4)3PMo12O40×16H2O  -
       .   
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       ’  .  
 ,      .  

     (  
-  ,   12K/ ,  Al2O3)  

 (  4.07, CuK – , Ni ,  0.5 .).  
       

   .  

 
.1.  (NH4)3PMo12O40×16H2O: 1–   2–  [5] 

  (NH4)3PMo12O40×16H2O ( .1)    
,    .      -

 .  
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.2.  Na3PMo12O40×16H2O 

 (NH4)3PMo12O40×16H2O    ,  Pn-
3m, a=11.7Å, Z=2 [5].    DICVOL04  -

  ,   a=11.739Å,     -
. 

   ( .2) ,     Na3PMo12O40×16H2O 
      , 

        -
.        . 

     .   
(NH4)3PMo12O40×16H2O  Na3PMo12O40×16H2O    

.     100º     
.     ,   -

   MoO3. 
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Considered the preparation of colored oxide films on the niobium surface during 
anodizing in aqueous borate electrolytes. The optimal anodizing conditions are found 
under which current density and voltage correspond to the formation of a colored ox-
ide film. It is shown that anodic oxide films formed under optimal conditions on nio-
bium exhibit high corrosion resistance. 

Keywords: anodizing, anodic oxide films, niobium 
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 :   N6- , -
, ,  .  
N6-(2-Methoxybenzoyl)adenine, N6-(3,4-dimethoxybenzoyl)adenine, and N6-

(2,4,5-trimethoxybenzoyl)adenine were found to inhibit xanthine oxidase exhibiting 
the properties of slow-binding inhibitors. Based on molecular docking results, the 
binding mode of the inhibitors in the active site of xanthine oxidase was analyzed.  

Key words: N6-benzoyladenine, xanthine oxidase, inhibition, molecular docking. 
,   N6- ,   N6-(2,4,5- -
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. 1.    N6- . 

     ’   (Sigma-
Aldrich).    50  -   (  7,4), 
50  , , 0,1    1 . % .  

    5   25   -
    (0,156 / ).   -

     ,     -
,    .   -

     293 .  IC50 -
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( ))]. ,   3,3'- -4,4'- -

     , 
   -    -

     . 
The interaction of 3,3'-dichloro-4,4'-diphenylmethanebisdiazonium salts with 

amides and nitriles of acrylic and methacrylic acids in the conditions of thiocya-
natoarylation reactions, which occurs with the participation of both diazo groups, was 
studied. Optimal conditions were found and preparative methods for the synthesis of 
3,3'-[3,3'-dichloro-4,4'-diphenylmethanebis(2-thiocyanato-(2-methyl)propanamides 
(nitriles))] were developed. It was confirmed that 3,3'-dichloro-4,4'-diphenylmetha-
nebisdiazonium salts are an effective arylating reagents that allow for chemo- and re-
gioselective modification of monounsaturated compounds under anionarylation reac-
tions conditions. 

 :  3,3'- -4,4'- , -
,     , 3,3’-[3,3’- -4,4’-

(2- -(2- ) ( )]. 
       -
       .  -

           -
 [1].  
  [2] ,      , -

( )       -
,         -

.   4,4'- ( , )  -
   -      -

,       ,   -
         -

         . 
 ’   ,       -

  3,3'- -4,4'- .   -
 ,    ,    

 ,      
     S,N-  [3]   

’       -
   . 

          -
 ,        -

    [1]. 
,   3,3'- -4,4'- -

   , ,   -
   -        

 3,3'-[3,3'- -4,4'- (2- -(2- ) -
( ))] 1-4  : 
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1-4: R = H (1, 3), Me (2, 4). 

   -  (1:3)  
 –25÷–150        –  ( ) -

.  
    39-70%    -

,          
( , - , -   .). , ,   -

     . 
   –   :  -

 :   :  – 1:2.1:2.1:0.1 
     3,3'- -4,4'- - -

          
     .  

      
 3,3'- -4,4'-    15-30%  -

        . 
 ,        
        .  

,    1    3,3’-[(3,3’- -4,4’- -
(2- -(2- ) ( ))] 1-4   . 1  2. 

 1 
,      3,3'-[3,3'- -4,4'-

(2- -(2- ) ( ))] 1-4 
 ,  

% 
T ., 
0 * 

, %  , % 
N Hal S N Hal S 

1 39 181-183 11.04 14.48 13.55 C21H18Cl2N4O2S2 11.35 14.37 13.00 
2 44 198-199 10.59 12.90 13.02 C23H22Cl2N4O2S2 10.74 13.60 12.30 
3 66 – 12.35 15.63 14.00 C21H14Cl2N4S2 12.25 15.50 14.02 
4 70 – 11.41 14.68 13.33 C23H18Cl2N4S2 11.54 14.61 13.21 

. *    . 
      1-4 -

    1   .  
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        , -
       1676-1660, 3412-3386 -1, 2228-

2224 -1. 
 1     1-4    
    7.39-7.20 . . (    ).  
 , '    ,    -

        3.34-3.20  3.10-
3.01 . .,      –    -

 3.34-3,01 . .   , ’    , 
  (4.20-4.16 . .),     -

 –  (1.88-1.86 . .).  
 2 

 1    3,3'-[3,3'- -4,4'- (2- -(2-
) ( )] 1-4 

  ,  . . 
Ar -N 2 - 2- CH2Ar R 

1 7.39 , 7.25 , 7.20  7.94 , 7.67 c 3.91  3.34 , 3.01  4.16  
2 7.38 , 7.20 , 7.17  7.94 , 7.67 c 3.90  3.34 , 3.01  1.86  
3 7.36 , 7.20 , 7.18  – 3.90  3.20 , 3.10  4.20  
4 7.38 , 7.20 , 7.19  – 3.89  3.27 , 3.08  1.88  

   ,   
   , -   ,     

   3,3'- -4,4'- , -
    .       
   ,       

      .  
, ,       -
        -

 . 
  

           
   SPECORD M80   4000-400 -1.  1  
   -d6   Bruker Avance DRX-500 (500 ), -

  – . 
     .  -

   - .  
       

 Silufol UV-254 (  –  :  :  – 3:1:1). 
3,3'-[3,3'- -4,4'- (2- )] (1) 

 1.2  (0.04 ) , 0.15  (0,0008 )   
( )   1.6  (0.0165 )    120  -

 (1:3)    1 . 3.0  (0.008 ) 3,3'-
-4,4'-  .    –

200   120 .        
 50     100   .  -
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      .    -
   –180    .    

  .  1.2  (39%) -  -
    181-1830 . -  ( , –1): 3396 (NH2); 1676 

( NH2); 2164 (SCN); 760 (Cl).  1   ( , . .): 7.94 , 7.67 c (4 , 
NH2); 7.39 , 7.25 , 7.20 , (6H, -C6H3– 2–C6H3-); 3.91  (2 , -C6H3– 2–C6H3-
); 3.34 , 3.01  (4H, CH2); 4.16  (2H, CH(SCN); , %: N 11,04; S 13,55; 
Cl 14,48. C21H18Cl2N4O2S2. , %: N 11,35; S 13,00; Cl 14,37.  

 2-4  . 
   

1.  . .,  . .,  . .,  . . -
          -

 .     . 2008. .6, 
. 3(23). . 16–32. 

2.  . .      -
       - . :  , 

1993. 24 . 
3. Grishchuk B. D., Baranovskii V. S. Synthesis of 5-Arylsubstituted Thiazol-4-one 

Acetyl and Amino Derivatives by the Heterocyclization of the Products of 
Acrylamide Thiocyanatoarylation. Russian Journal of General Chemistry. 2011. 
Vol. 81, No. 9. P. 1896-1899. 

 544.723 
 . .,  . .,  . . 

      
    CU( )  

  4-  IN SITU   
  

       
Cu( )    ,      -

      4- .  
 -     in situ  -
     . 

 : , in situ ,  , 4-
, , -  . 

        i -
 i i  i i .      -

         -
  ,    , 

   . 
 -      -

  ,         -
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    .     -  -
,         ,  -

     ,   . -
    in situ    

     [1]. 
         

     .    
      -  -

   -   . 
     u( )   -

, in situ   4-   ,   -
   . (  :   –0,1 , ’  -

 –25 , m0 –100 ,   ( ) – 10, 60, 120, 1440).   -
         

4-  (St:4Vp) — 5:1 (     -  Cu( ) 
  , in situ   4-   

,         [2]). 
   ,      ( ) -

    ,   -
       ,   

     ( )  97%.   
        .  

   ,    in situ -
  4-      -

          
      . 

   
1.  . .,  . . .   — : -

, 2009. - 424 . 
2. Yanovska E. S., Vretik L., Nikolaeva O., Polonska Y., Sternik D., Kichkiruk O. 

Y. Synthesis and Adsorption Properties of 4–Vinylpyridine and Styrene 
Copolymer In Situ Immobilized on Silica Surface // Nanoscale Research Letters. 
— 2017. — 12:217. 
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 547:615 
2  . ., 2  . ., 1  . ., 2,3  . ., 1  . . 

1  „      ; 
2      ; 

3      . . .    
     

  1-(3,4- -2H- -5- )-1-(4-
)-3-   

       1-(3,4-
-2H- -5- )-1-(4- )-3- . ,   
       .  

 :  1-(3,4- -2H- -5- )-1-(4- )-3-
,  . 

      -
 1-(3,4- -2H- -5- )-1-(4- )-3- . 

,         -
 .  

 :  1-(3,4- -2H- -5- )-1-(4-
)-3- ,  . 

The article investigated the probable pharmacological activity of derivatives of 
1-(3,4-dihydro-2H-pyrrol-5-yl)-1-(4-ethoxyphenyl)-3-phenyl-urea. It has been estab-
lished that they can be promising for the search for new anti-arthritis drugs. 

Key words: derivatives of 1-(3,4-dihydro-2H-pyrrol-5-yl)-1-(4-ethoxyphenyl)-3-
phenylurea, antiarthritis activity. 

      ,  -
: 

–        -
         ; 

–    (      ' ); 
–      ,  -

,     ; 
–      , 

, ,  , ;  
–         ( -

, ,    );  
–      (  )     

[1–4]. 
        

  , , , -
   , . 

         -
          -

         . 
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 ’       1-(3,4- -2H- -
5- )-1-(4- )-3-  (4a-j)    , 

    [5]: 

 
a R = OC2H5, R1 = H, R2 = H, R3 = H; 
b R = OC2H5, R1 = OCH3, R2 = H, R3 = H; 
c R = OC2H5, R1 = H, R2 = H, R3 = Cl; 
d R = OC2H5, R1 = H, R2 = CH3, R3 = H; 
e R = OC2H5, R1 = H, R2 = Cl, R3 = H; 
f R = OC2H5, R1 = H, R2 = H, R3 = CH3; 
g R = OC2H5, R1 = CH3, R2 = H, R3 = H; 
h R = OC2H5, R1 = H, R2 = H, R3 = OCH3; 
j R = OC2H5, R1 = H, R2 = OCH3, R3 = H; 

     (4a-j)     
   1H . 

       
 ’   Prediction of Activity spectra for Substances [6]. 

,        -
 , ,     -

-   (Ubiquinol-cytochrome-c reductase inhibitor),  -
 (Gastrin inhibitor),       (Antiarthritic) 

. 
 1. 

    1-(3,4- -2H- -5- )-1-
(4- )-3-  
 a b c d e f g h j 

Ubiquinol-cytochrome-c 
reductase inhibitor 

74,3 70,1 73,6 74,1 75,2 73,4 66 73,7 68,2 

Gastrin inhibitor 61,1 53,2 58,7 64,1 55,5 63,2 64,9 60,3 60,1 
Antiarthritic 54,2 57,2 53,1 50,8 50,9 51,5 56,7 54 53,4 

      -
 QSAR  [7]. ,   1-(3,4- -2H-
-5- )-1-(4- )-3-    4  5  -
   . .  [8, 9]. 

    ,   -
      1-(3,4- -2H- -5-

)-1-(4- )-3-     . 
   

1. Urea. [  ]. –   : 
https://en.wikipedia.org/wiki/Urea. –    (08.04.2020). 
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 547.83 
1  . .,2  . .,2  . . 
1     

2    
   – 

 -  
   - ,   

     -2     
   -5   . 

 : , ,  -
- . 

   - , -
      -2   -

     -5   .  
 : , , -

 - . 
Synthesized new reactive hypoxanthino-pyrimidines. These compounds contain 

hlorine at C-2 of hypoxanthine and carbethoxy group at C-5 of pyrimidine fragment. 
Keywords: hypoxanthine, dihydropyrimidine, reactive hypoxanthino-pyrimidines. 
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NH

N N

N

O

ClO

NH

N

OAr

OEt

Br

N
N

N N

Cl

O

O

NH

N

OAr

OEt

Ar= - C6H5, - mNO2C6H4, - pOCH3C6H4.

+
    NaOH, 
DMF + HOH  

D
I II

 
 2.   - . 

     , -
      -5    

    -2   . -
      ,    -

      -
   ,     -

 ( , ,  2). 
     1H NMR-, 

13C NMR-  -   . 
: 

1. Lebedyeva I.O. Theophyllinylpyrimidine Scaffolds Undergo Intramolecular 
Cyclization Reactionsto Form 1,3-Diazepinesand Imidazopurines / I.O. 
Lebedyeva, V.M. Povstyano , A.B. Ryabitskii, O. Panasyuk, E. Ivahnenko, V.P. 
Lozova, I. Markevich, S. Allakhverdova, M.V. Povstyano  // Eur. J. Org. Chem.– 
2013. – . 4594-4606.  

2. Lyubashov P.P. Functionalized Diphenyl-Imidazolo-Pyrimidines / P.P. 
Lyubashov, V.M. Povstyanoy, A.A. Krysko, A. Plotkin, I. Lovett, M.V. 
Povstyaniy, I.O. Lebedyeva // J. Heterocyclic Chem. – 2018. – Vol. 55, N 1. – P. 
276-281.  

 [543.24:543.48]:546.72:543.3 
1  . ., 1  . ., 1  . . 

1    
    

      
 ’  

       -
       :  

   III;    -
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          -
 . 
 :  ,  ,  . 

      -
        : 

    III; -
   ;   -

          
     . 

  :  ,  , -
 . 

In the course of the research, a comparison of various methods of determining 
ions of iron in aqueous solutions was carried out, such as the titrimetric complexo-
metric method with complexon III, photocolorimetry with potassium thiocyanate and 
photocolorimetry with sulfosalicylic acid. The goal of the study was to define the 
sensitivity and accuracy of these methods when working with different concentra-
tions of the investigated components. 

Keywords: titrimetric method, photometric method, ions of iron. 
          -

        
[1].  , ,      -

  ,          
  ’  . , ,  (II, III),   -

          [2],  
       -  

: , , .     , 
 ,      , -

-    ,     -
   [3]. 

        -
     ,    -

, , ,   [4].  -
        ,   

    , ,   , -
        -

     ,       -
    .  -    -

    –   -
 [5].      ,  -
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 ,      – -
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    ’      
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          -
(II)  (III)   ’ . 

       -
     (II, III) 

  III      -
          [6, 7].  

   ’ ,      
   Fe(III) 0,2-4,0 / 3    -
  ,       -
 ,         

     ,    
      10%. , 

        Fe(III),  
  5 / 3  ,       -

   (   2%) [8].     
         -

      .  
       -

 ,    ( 1)    -
       -

      ( 2)    -
       ( 1 > 2),   tg 1 

> tg 2.       =f  (Fe3+)   (S) 
 ,  S1 > S2,     

         
,       .    

    0,1  4,0 / 3     400 
     2 ,       

    ( =0,8)      
  .       ,  

        0,5 / 3,  -
  ,      .  

          -
      ,    

         -
  . ,       (Fe3+) 

=1,0 7,0 / 3     1 ,  -
      0,110  0,805,   -

    2%.        
 (  (Fe3+) = 0,1 1,0 / 3)   -

      5 ,    -
     0,10 ÷ 0,86 (  2%). 

 ,    ,   -
      III   , 

     5 / 3      -
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 37.016:54:37.012 
 . .,  . . 

 «      » 
     

 
       -

      . , 
 ,     ,  

   .     ,   
         

 . 
The effectiveness of chemistry lessons using a chemical experiment in a prob-

lem learning system is considered. Lessons from the chemical experiment have been 
found to increase the level of learning among students. It can be concluded from this 
that a chemical experiment is desirable to be used in practice to increase motivation 
to study chemistry. 

 :  ,  , -
 . 

  –    , -
      ,   -

        
.        -

         -
  [1, . 28]. 
  –   ,   -

     ,    -  . 
      ,   

    ,       -
  .         
 ,     . 

      
         -

 ,     , -
       

,      ,  
  .  

       
    : 

1.         
    ; 

2.       -
 ; 

3.           -
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4.     ,   , -
  ,   ,  -

; 
5.       -

 ,     ; 
6.        . 

         
   ,      

      , -
     ,  -

   ,     
  ,    ,  

 ,     
        

,     . 
      -

      ,  -
      ,   
 ,  .  

     -
        -

,      ,  
 ,   ,  -

    ,     [2, . 32] 
      «  

 »   9-  ,     II  -
:  9 « » – 5,6,  9 « » – 6,1.      

  9 « » ,     –  9 « » 
.  9 « »        

 ,  9 « » –  . 
        -

   ,        -
  ( )    ( ).   , 

  ,    . 
N(10)+ K N(9) + K  N(8)+...+ K  N(1) 

 = ————————————————— 100 %; (1) 
n 

  –   ; 
K – : 10  – 1; 9  – 0,96; 8  – 0,90; 7  – 
0,74; 6  – 0,55; 5  – 0,45; 4  – 0,40; 3  – 0,32; 2  – 
0,20;1  – 0,12. N –  ; n –    . 

(10) + (9) + (8) + (7) + (6) 
 = ——————————————––––––– *100 %; (2) 

n 
  –  ;  –  6…10; n –  . 
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,          
,      ,   9 « » 

     . 
  1      9-  
    . 

 
. 1.    9 « »  « »  

    ,      
 2, 3  4     9 « »  « » . 
   -      ,  

      ,   -
 . 

        
   .     

 (F . (15,61)  F  (4,96),  p= 0,0027). 

 
 2 –     9 « »  « »  
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  2      9-  
    . 

   ,     .  
       ,  -
  ,   ,     -

     . 
      -

    ,   -
   (F . (41,17)  F  (4,96),  p= 

7,66*10-5). 
 , ,     

   ,   , ,  
.        

  ,      . 
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The effectiveness of chemistry lessons using a chemical experiment in a prob-

lem learning system is considered. Lessons from the chemical experiment have been 
found to increase the level of learning among students. It can be concluded from this 
that a chemical experiment is desirable to be used in practice to increase motivation 
to study chemistry. 
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 ,   ,  -
    ,     [2, . 32] 

      «  
 »   9-  ,     II  -

:  9 « » – 5,6,  9 « » – 6,1.      
  9 « » ,     –  9 « » 
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        -
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  ( )    ( ).   , 
  ,    . 

N(10)+ K N(9) + K  N(8)+...+ K  N(1) 
 = ————————————————— 100 %; (1) 

n 
  –   ; 

K – : 10  – 1; 9  – 0,96; 8  – 0,90; 7  – 
0,74; 6  – 0,55; 5  – 0,45; 4  – 0,40; 3  – 0,32; 2  – 
0,20;1  – 0,12. 
N –  ; n –    . 

(10) + (9) + (8) + (7) + (6) 
 = ——————————————––––––– *100 %; (2) 

n 
  –  ;  –  6…10; n –  . 

        -
 ,     .  9 « » 

,          
,      ,   9 « » 

     . 
  1      9-  
    . 

 
. 1.    9 « »  « »  
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 2, 3  4     9 « »  « » .  

  -      ,    -
    ,    . 
        

   .     
 (F . (15,61)  F  (4,96),  p= 0,0027). 

 
. 2.     9 « »  « »  

  2      9-  
    . 

   ,     .  
       ,  -
  ,   ,     -

     . 
      -

    ,   -
   (F . (41,17)  F  (4,96),  p= 

7,66*10-5). 
 , ,     

   ,   , ,  
.        

  ,      . 
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1  . ., 1  . ., 1  . . 
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 (       
),   (     

   -   )   
 ( ’       ). 

 :    ,  -
  , ’  ,  -

  . 
      -

  (     -
  ),   (  -
      -  

 )    (    
   ). 

 :    , -
   ,  , 

   .  
The created model of professional preparation of the pharmacist includes con-

tent block (comprehensive methodological support of chemical disciplines with di-
dactic tools), technological block (methodology of using a complex of methodologi-
cal tools in the conditions of a modular-rating learning technology) and process block 
(computerization of study and professional orientation of the course papers).  

Key words: professional and fundamental preparation, methodological support 
of chemical disciplines, computerization of study, professional orientation of course 
papers).  
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1  . ., 2  . . 

1      . .  
2    

  2-( )- (1-R-2- -
3- )   

      2-
( )(1-R-2- -3- )     

   -  .   -
          

   -  ,   -
     .   -

 pKa – f( )       -
  QSAR-     .  

 :  ,  ; -  
; (2- -3- )  ;   

      2-
( )(1-R-2- -3- )     

   -  .   
       -

      -  ,  
      . 
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   pKa – f( )   -
      QSAR- .  

 :  ,  ; -
-  ; (2- -3- )-  ; -

 . 
The reactivity of the isostructural series of 2-(benzoylamino)(1-R-2-oxoindolin-

3-ylidene) acetic acids under equilibrium conditions has been investigated by study-
ing their acid-base equilibria. Their ionization constants were determined, and the in-
fluence of the structure of alkyl radicals at the nitrogen atom of the heterocycle on the 
acid-base properties was analyzed, and the low sensitivity of the reaction center to the 
influence of substituents was proved. The obtained correlation equation pKa - f( ) 
has reliable statistical characteristics and can be used for QSAR analysis. 

Key words: reactivity, ionization constant; acid-base properties; (2-oxoindolin-3-
ylidene) - acetic acid; correlation equation. 

     2-( )(2-
-3- )   ,     

   [1,2].       
     ,    -
   ,      ’  -

–    QSAR- ,    -
      .  

  -     2-( ) 
(2- -3- )  ,    1 -

 ,     .  
-     2-( )(1-R-2-

-3- ) -         
-   ( )    [3].  

 
R = H, CH3, CCl3, C2H5, n-C3H7, i-C3H7, n-C4H9, CH(CH3)CH2CH3, C(CH3)3, C6H5. 

    0,05     -
,   CO2.  ,   – 0,005   -

 .     -
 EV-74    (  43-074)  . 

    ( -1).    25  
  .      -

     (   0,95) [4]. 
    . 
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  ( ) 2-( )(1-R-2- -3- )  

 (1–10)    1,4- –  (60:40, v/v)  298 °  
 R  

I  5,12±0,01 
II 3 5,20±0,01 
III CCl3 5,16±0,02 
IV C2H5 5,19±0,01 
V n-C3H7 5,18±0,01 
VI i-C3H7 5,18±0,02 
VII n-C4H9 5,17±0,01 
VIII CH(CH3)CH2CH3 5,17±0,02 
IX C(CH3)3 5,17±0,02 
X C6H5 5,10±0,01 

  ,   ( - ) –  .  -
         -

     ,   -
      .  

         
        pKa – f( ):  

pKa = (5,10±0,0) – (0,52±0,03)   
n = 10 r = 0,994 s = 0,010 

     = 0,52    -
   (  )   . -

,  ’        ,    
       -

 .  
     ,  

        
  . 

 
1.     2-( )(2- -

3- )  ,    1  -
     .  

2.       2-( -
)(1-R-2- -3- )    ,   -

       .  
3.        
         -

    .  
4.    pKa – f( )    -

     QSAR-   -
   .  

   
1. Screening of derivatives of 2-(benzoylamino)(1-R-2-oxoindolin-3-ylidene)acetic 

acid under the conditions of acute hypobaric hypoxia / I. I. Zamorskii, Yu. S. 
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, , . 
The article provides an overview of current information on the negative environ-

mental situation in the territories adjacent to the enterprises of alcohol production. It is 
shown that the wastes of this industry in their their rational processing are of great prac-
tical importance and, depending on the disposal technology, they can produce many val-
uable products for agriculture and no less important for Ukraine - “green” fuel. 

Keywords. Green fuel, biogas, alcohol production, waste, bard, disposal tech-
nology. 

         -
  ,    ,  



113

 .           
  ,     ,   -

,   « »      [4].  
       700 . 3  . -

    , , ,   .   
       ,   

 250 ,    .   -
       ,   

         
  –     [5]. 

 1 
   (2007 .) 

  ’  , 
.    ’  , 

.  
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6.  90,0 15.  24,1 
7.  50,0 16.  20,0 
8.  48,2 17.  19,1 
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   . 
The problem of the presence of aluminum in food products, as the main source 

of entry of an element into the body, is considered. The element contamination is 
analyzed, the reliable effect of aluminum ions on the well-being and health of a per-
son, its content in food products. 

Key words: aluminum, food products, influence on the organism, content in food 
products. 
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The special features of pharmakinetics, mechanism of action of statins (rosuvas-
tatin) and ezetimibe and their effect on the correction of dyslipidemia have been in-
troduced. 

A good combination of statins with ezetimibe has been proven, which is that 
statins reduce the synthesis of cholesterol in the liver, and ezitimibe, localized in the 
brush border of the small intestine, prevents cholesterol absorption. This leads to a 
decrease in the intake of cholesterol from the intestine into the liver, lowering choles-
terol in the liver and, accordingly, increase its excretion from the blood. In addition, 
ezetimibe in combination with statins reduces the levels of CHD, LDL cholesterol, 
TG and increases HDL cholesterol in patients with hypercholesterolemia significantly 
more effectively than monotherapy. 

Key words: statins, rosuvastatin, ezetimibe, coronary heart disease. 
-   ( )      
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    (C24H21F2NO3)  (3R,4S)-1-(4- )-3-
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The study is the result of the implementation of the method of projects in educa-

tional activities, as one of the methods of increasing the cognitive activity of students. 
To implement this project, we formed 5 student groups, which analyzed the history of 
the chewing gum usage, its chemical composition, the impact on the human body. 
During the project, interdisciplinary links between chemistry, biology, history, for-
eign language and computer science were implemented. 

Key words: project method, pedagogical technology, student. 
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       , -
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     . 
 :  , , -

 . 
This article presents the synthesis of new derivatives of acetonitrile, simulated 

the pharmacological activity of the derivatives obtained, and their acute toxicity is 
elucidated. 

Key words: derivatives of acetonitrile, toxicity, pharmacological activity. 
        

2-         
.    2-   -

         
 .       

, , ,    -
 . 
       -

    [1, 2],      5,6,7,8-
[1,2,4] [4,3- ] -3-   .  

        
     5,6,7,8- [1,2,4] [4,3-

] -3- . 
   5,6,7,8- [1,2,4] [4,3- ] -3-

    : 
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N N

NN

N N

N

O
R

N

 
 

 
 
 

        
   1 - .  

 1 
        
  1a 1b 1c 1d 1e 1f 

HIV attachment inhibitor 49,2 48,9 48,0 46,9 48,2 51,3 
Alopecia treatment 49,6 52,2 44,9 46,6 46,6 53,8 
Gluconate 2-dehydrogenase (acceptor) inhibitor - 87,9 46,7 62,3 58,7 - 
HIF1A expression inhibitor - - - - 85,3 - 
3-Methyl-2-oxobutanoate 
hydroxymethyltransferase inhibitor - - - - 71,6 - 

      -
   Prediction of Activity spectra for Substan-ces. ,  -

     HIV attachment inhibitor, lopecia 
treatment, gluconate 2-dehydrogenase (acceptor) inhibitor, HIF1A expression inhibitor, 
3-methyl-2-oxobutanoate hydroxymethyltrans-ferase inhibitor. 

       -
 GUSAR Online. 

 2 
       

 
Rat IP 

LD50, mg/kg 
Rat IV 

LD50, mg/kg 
Rat Oral 

LD50, mg/kg 
Rat SC 

LD50, mg/kg 
Classification Classification Classification Classification 

1a 
63,860 92,060 171,500 112,300 
Class 3 Class 4 Class 3 Class 3 

1b 63,610 72,440 197,000 152,800 
Class 3 Class 4 Class 3 Class 4 

1c 199,300 122,100 186,200 199,400 
Class 4 Class 4 Class 3 Class 4 

1d 124,000 56,410 268,300 220,100 
Class 4 Class 4 Class 3 Class 4 

1e 124,000 56,410 268,300 220,100 
Class 4 Class 4 Class 3 Class 4 

1f 189,100 22,730 202,700 121,600 
Class 4 Class 3 Class 3 Class 3 

1 R 1 R 
a H d Et 
b CH3 e i – Pr 
c CF3 f C6H5CH2 
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,    ,     , -
  3-4  .     -

      63,61  199,300 / ,  -
    22,73 – 122,10 / ,     

  186,20 – 268,3 /     —  152,80  220,10 / . 
    ACDLABS    -

  .   ( . 3) ,   
            

   . 
 3 

      
 LogP LogBCF 

1a 0,35±0,66 0,0±1,0 
1b 0,72±0,64 0,3±1,0 
1c 3,20±1,13 1,1±1,0 
1d 0,88±0,66 0,4±1,0 
1e 1,23±0,66 0,6±1,0 
1f 1,89±0,71 0,8±1,0 

 ,         
5,6,7,8- [1,2,4] [4,3- ] -3-     -

          -
  5,6,7,8- [1,2,4] [4,3- ] -3-   

       -
-  . 

   
1. Elmoghayar M. R., Ghali E. A., Ramiz M. M., Elnagdi M. H. Synthesis of 1,3,4-thia-

diazole derivatives. Justus Liebigs Annalen der Chemie.1985.Vol.10.P.1962–1968. 
2. Preparation of 3-heterocyclyl-2-thiazolidinylidene-3-oxopropionitrile derivatives 

and insect rest control agents: . 9633995 ,  07D417/06.  
96/95,096; . 17.04.96; . 31.10.96. -  183.  

 547.32+547.556.7 
 . .,  . .,  . .,  . .,  

 . .,  . . 
     

   
       

   
      

         -
  ’     . ,  

-        
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   -  ’      -
   . 

     -
          

,     -
. ,  -     -
         

      -    -
      . 

The copper-catalytic interaction of aryldiazonium chlorides and tetrafluoroborates 
with cinnamic acid under the conditions of Meyerwein and thiocyanatoarylation reac-
tions was investigated. The basic regularities of their passage were determined. Chloro- 
and thiocyanatoarylation of cinnamic acid have been found to form products of aryl rad-
ical and chlorine atoms or a thiocyanate group attachment to a multiple carbon-carbon 
bond while maintaining the carboxyl group in the structure of synthesized compounds. 

 :  , -  , -
 , 2- -3- ( )-3-  . 

    ,     -
      -   

 ,          -
   [1, 2].  

,   [3] ,      
       
     ,   

 -     20% [3].  -
          

  . 
  ’        -

 , -         
     ( - ) . 

,        
    -  ’  – 2- -3- -3-

  (1 , b)  : 
N2

+An-

+

R

1a, b, 2a, b

OH

O

OH

OAn

R
OH

ON2
+BF4

-

+ + KSCN
-N2, -KBF4

R

-N2

 
1, 2: An = Cl (1), SCN (2); R =  ( ), 4-Me (b) 
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   ,     -
,        -

 - . 
         

        -
   . 

,     ,  -
          -
       – 2-

-3- -3-   (2 , b). 
   -   (1:2)  

30÷350     –  ( ) ,  -
  –20÷–150  (  –  ( ) ).  -

  1, 2  35-45%     .  
      

  –  (30-40%),   –  
- (10-15%)   (25-30%),     -

  . 
2- -3- ( )-3-   (1a, b, 2 , b) -
       120-1850 , 

  ,    , ,   . 
,  ,    1     

 1a, b, 2 , b   . 1. 
        1   -

. ,     1a, b, 2 , b  -
    (1700-1712 -1),   2 , b -

  (2152-2156 -1) .  1    -
     (     

  )    (Ar =Ph)    (Ar = 
4-MeC6H4)   7.64-7.08 . .  -   -

      (12.79-12.42 . .),   
.   , ’       
    5.70-5.31 . .,   - , ’   

  –   4.41-4.33 . . 
 

,  ,    1    2- -3-
( )-3-   (1a, b, 2 , b) 

 , 
% 

. ., 
0 *  

  

 1  , , . .  
(SCN), 

–1 

 
( = ), 

–1 

1  35 120-
121 C15H13ClO2 – 1712 

12.42  (1 , ); 7.74-7.63  
(5 , 6 5); 7.46-7.33  (5 , Ph), 
5.65  (1 , CH(Cl)); 4.33  (1 , 
CHC6H5) 
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*     2Cl2 
   ,    -

        -
   ’        -

.      -  -
  ,     -  -

 , , ,     
     . 

  
    1, 2      -

 SPECORD M80   4000-400 -1.  1     
-d6   Bruker Avance DRX-500,   500 , -

  – .  
     .  -

   - .  
       

 Silufol UV-254 (  –  :  :  – 3:2:1). 
2,3- -2-   (1 )  5.9  (0.04 ) -

 , 0.75  (0.0044 )   ( )   120  -
  (1:2)   1 . 7.4  (0.048 ) -

 .    +30÷+350   3 .  -
      70   , -
  .       –

250         .  
       3.65  (35%) 

 1a      T . = 120-1210 .  
     1b.  

2,3-  3-   (2 )  7.4  (0.05 ) -
 , 1.9  (0.0055 )   ( )  

 5.8  (0,06 )    150  -   (1:2) -
   9.6  (0.05 )  . 

    –20  –150   4.5 .  -
      100   , -

  .       – 

1b 40 159-
161 C16H15ClO2 – 1700 

12.79  (1 , ); 7.39 , 6.95 
 (4 , 6 4); 7.28-7.08  (5 , 

Ph), 5.70  (1 , CH(Cl)); 4.39  
(1 , CHC6H4); 2.13  (3 , 3) 

2  36 183-
185 16H13NO2S 2156 1708 

12.62  (1 . ); 7.64-7.52  
(5 , 6 5); 7.49-7.32  (5 , Ph), 
5.34  (1 , CH(SCN)); 4.41  
(1 , CHC6H5) 

2b 45 167-
168 17H15NO2S 2152 1712 

12.65  (1 . ); 7.58 , 7.24 
 (4 , 6 4); 7.50-7.32  (5 , 

Ph), 5.31  (1 , CH(SCN)); 4.34  
(1 , CHC6H4); 2.32  (3 , 3) 
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250         .  
       5.1  (36%) -

 2a      T . = 183-1850 .  
   2b. 

   
1. Rondestvedt C. S. Arylation of Unsaturated Compounds by Diazonium Salts [The 

Meerwein Arylation Reaction]. Organic Reaction. New-York-London : John 
Wiley and Sons, 1976. Vol. 247. P. 224–259. 

2.  . .,  . .,  . .,  . . -
          -

 .     . 2008. .6, 
. 3(23). . 16–32. 

3. Mathur K. B. L. Coupling of Aconitic Acid and Itaconic Acid with Certain 
Diazonium Chlorides. J. Amer. Chem. Soc. 1953. Vol. 75, N 13. P. 3240, 3241. 

 577.1+577.11+577.2+581.1 
 . .,  . .,  . .,  . ., 

 . .,  . .,  . .,  . .,  . . 
     . . .   , 

     
[1,3] [5,4-D]       

(SINÁPIS ÁLBA L.)    

      -
  ,  [1,3] [5,4-d]     

    (Sinápis álba L.)  . ,  -
  ,    10-8 ,   

         -
        8-  . -

  ’       -
  [1,3] [5,4-d] .   -

        . -
         -

       (Sinápis álba L.)  . 
 :  ,  [1,3] [5,4-d] , -

 ,   . 
      -

  ,  [1,3] [5,4-d] 
        (Sinápis álba L.)  

. ,    , -
   10-8 ,      
          

     8-  .   
      -
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  [1,3] [5,4-d] .   
        

.       
         -

  (Sinápis álba L.)  . 
 :  ,  [1,3] [5,4-d] -

,  ,   . 
In laboratory conditions the effect of synthetic low molecular weight heterocyclic 

compounds, derivatives of [1,3]oxazolo[5,4-d]pyrimidine on the growth and develop-
ment of white mustard (Sinápis álba L.) plants cultivar Etalon was studied. It was 
found that the investigated chemical compounds used at the concentration of 10-8M 
showed a similar to plant hormone auxin stimulating effect on the formation and de-
velopment of shoots and the root system of mustard seedlings during 8 weeks. The 
analysis of the relationship between the chemical structure and growth regulatory ac-
tivity of derivatives of [1,3]oxazolo[5,4-d]pyrimidine was conducted. The possible 
mechanisms of action of chemical compounds at the cellular and molecular levels are 
discussed. The practical application of chemical compounds to improve the growth and 
development of white mustard plants (Sinápis álba L.) cultivar Etalon during the vege-
tative stage is proposed. 

Key words: white mustard, derivatives of [1,3]oxazolo[5,4-d]pyrimidine, auxin 
IAA, plant growth regulators. 

         -
         -

  - ,         
           -

 [1].    ,     -
   ,     

    ,    -
   -    .  

       -
      -

,           
      [2-4].   -
      -

           -
        -

 10-7  – 10-9         
,        -

 10-4 –10-6  [5, 6].     
        

      ,    
       '    -

      ,  -
        ,   
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      [7-9]. ,   
        -

   ,     -
        

.         -
        -

          -
 .  

        -
    (1H- -3-  )  -

  ,  [1,3] [5,4-d] , -
       . . .   , 

          - -
  (Sinápis álba L.)   [10]. 

       
  ,  [1,3] [5,4-

d] :  1 - 2,5- -7- -1- - [4,5-d] -
, MW=357,42;   2 - 2- -7- -1- -5-(4- ) -
[4,5-d] , MW=371,45;  3 - 5- -7- -1- -2-(4-

) [4,5-d] , MW=371,45;  4 - 7- -1-
-2,5- -(4- ) o [4,5-d] , MW=385,47;  5 - 7-

(4- -1- )-2,5- [4,5-d] , MW=385,47; -
 6 - 2-[4-(2,5- [4,5-d] -7- ) -1- ] , 

MW= 401,47;  7 - 7-(4- -1- )-2,5- -
[4,5-d] , MW=435,51;  8 - 7-(4- -

1- )-2,5- [4,5-d] , MW=497,58;  9 - 2,5- -
-7-[4-( -4- ) -1- ] [4,5-d] , MW 

=511,61;  10 - 7-[1,4] -1- -2,5- [4,5-d] -
, MW=371,45;  11 - 7-(4- -[1,4] -1- )-2,5- -

[4,5-d] , MW=449,54;  12 - 7-(4- -
-[1,4] -1- )-2,5- [4,5-d] , MW=511,61; -

 13 - 2,5- -7-[4-( -4- )-[1,4] -1- ]  
[4,5-d] , MW=525,63,       -

   (1H- -3-  ). 
    [11]   -

 (Sinápis álba L.)   ,     , 
 [1,3] [5,4-d] ,    10-8 , -

     ,    -
       8-   ( . 1). 

     ( )  8-   
   (Sinápis álba L.)   [12] ,   -

       1, 3, 6, 8, 11  13. 
     ,    -

    1, 3, 6, 8, 11  13,    10-8 , -
    25-47 %, ,    -
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  ,    ,   9 – 34%, 
   ,       

,     10-8  ( .1).  

 
. 1.      [1,3] [5,4-d]  (   

    10-8 )     ( )    
( )  8-      (Sinápis álba L.)  ,   -

 ,     
    ( )  8-     

 (Sinápis álba L.)        
 1, 3, 6, 8, 11  13.  8-    ,   -

        10-8 , -
       33–77 %,   -

   ,     
  18–57 %        -

     ( . 1).  
  ’       

  [1,3] [5,4-d]  ,   -
    8,      2  5   

4-   7 ,    
 4  ,    9,     -

,       ’     -
  - . ,    -

       8,   7,  -
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      9, ,    -
      8. ,  4-  -

   7 ,      
  8     7  9, , ,   

        
.       3,  -

        2  -
.         2,  -

    5   .  
         -

   1, 6, 11  13,      
. ,           
       .   

       -
      (   6   

      5,      -
 ).        

       -
,        -

    (   11  13    
     10,       -

 ,    12,       -
    ). 

 ,      
   [1,3] [5,4-d] ,  -
,    1, 3, 6, 8, 11  13     

     ,   -
  ,        -

 [1, 2].  ,     [1,3] [5,4-
d]           -

         
,         -

      [13-15]. 
      -

  ,  [1,3] [5,4-d] , 
       . . .   

,         -
   -   (Sinápis álba L.)  . 

   
1. Sauer M. Auxin: simply complicated. / M. Sauer, S. Robert, J. Kleine-Vehn // 

Journal of Experimental Botany. – 2013. – Vol.64,  9. – P. 2565 - 2577. 
2. Cansev A., Gulen H., Zengin M.K., Ergin S., Cansev M., Kumral N.A. Use of 

pyrimidines in stimulation of plant growth and development and enhancement of 
stress tolerance. Patent US 20160000075. 2016. 



138

3. Minn K., Dietrich H., Dittgen J., Feucht D., Häuser-Hahn I., Rosinger C.H. 
Pyrimidine derivatives and their use for controlling undesired plant growth. 
Patent US 8329717 B2. 2008. 

4. Whittingham W.G., Winn C.L., Glithro H., Boussemghoune M.A., Aspinall M.B. 
Pyrimidine derivatives and their use as herbicides. WO Patent 2010092339 A1. 
2010. 

5. Tsygankova V. Phytohormone-like effect of pyrimidine derivatives on regulation 
of vegetative growth of tomato / V. Tsygankova, Ya. Andrusevich, O. Shtompel, 
V. Kopich, R. Solomyanny, O. Bondarenko, V. Brovarets // International Journal 
of Botany Studies – 2018. – Vol. 3, 2. – P. 91-102.  

6. Tsygankova V.A. Auxin-like effect of derivatives of pyrimidine, pyrazole, 
isoflavones, pyridine, oxazolopyrimidine and oxazole on acceleration of 
vegetative growth of flax / V.A. Tsygankova, Ya.V. Andrusevich, O.I. Shtompel, 
O.V. Shablykin, A.O. Hurenko, R.M. Solomyanny, G.P. Mrug, M.S. Frasinyuk, 
S.G. Pilyo, A.M. Kornienko, V.S. Brovarets // International Journal of 
PharmTech Research – 2018. – Vol. 11, 3. – P. 274-286. 

7. H c-Wydro K. The studies on the toxicity mechanism of environmentally 
hazardous natural (IAA) and synthetic (NAA) auxin - the experiments on model 
Arabidopsis thaliana and rat liver plasma membranes / K. H c-Wydro, M. 
Flasi ski // Colloids Surf B Biointerfaces – 2015. – Vol.130. – P. 53 - 60. 

8. Celik I. Determination of toxicity of subacute treatment of some plant growth 
regulators on rats / I. Celik, Y. Tuluce // Environ Toxicol. – 2007. – Vol. 22,  6. 
– P. 613 - 9. 

9. Bukowska B. Toxicity of 2,4-Dichlorophenoxyacetic Acid – Molecular 
Mechanisms / B. Bukowska // Polish J. of Environ. Stud. – 2006. – Vol. 15,  3. 
– P. 365 - 374. 

10. Brown J. Pacific Northwest Condiment Yellow Mustard (Sinapis alba L.) / J. 
Brown, J.B. Davis, and A. Esser // Grower Guide: 2000-2002. 

11. Voytsehovska O.V. Plant Physiology: Praktykum. / O.V. Voytsehovska, A.V. 
Kapustyan, O.I. Kosik, M.M. Musienko, O.P. Olkhovich, O.O. Panyuta, T.V. 
Parshikova, P.S. Glorious // Ed. Parshikova T.V.- Lutsk: Teren. - 2010. - 420 p. 

12. Bang H. Statistical Methods in Molecular Biology. Series: Methods in 
molecular biology / H. Bang, X.K. Zhou, H.L. van Epps, M. Mazumdar (Eds.) – 
New York: Humana press – 2010. – Vol. 13,  620. – P. 636.  

13. Chapman E.J. Mechanism of Auxin-Regulated Gene Expression in Plants / E.J. 
Chapman and M. Estelle // Annu Rev Genet. – 2009. – Vol. 43. – . 265–285. 

14. Serrano M. Considerations for designing chemical screening strategies in plant 
biology / M. Serrano, E. Kombrink and C. Meesters // Front. Plant Sci. – 2015. - 
Vol. 6. - . 1-19. 

15. Dejonghe W. Plant Chemical Genetics: From Phenotype-Based Screens to 
Synthetic Biology / W. Dejonghe, and E. Russinova // Plant Physiology. – 2017. - 
Vol. 174. – P. 5–20. 

 



139

 621.794.4 : 546.47/49’24 
1  . ., 2  . ., 1  . ., 1  . . 

1       
2  -   

-     
     

 K2Cr2O7 – HBr    
  dTe  ZnxCd1-xT  

      -
   CdTe  ZnxCd1-xTe    K2Cr2O7 

– HBr –  .   “   –  
”      . -

       -  -
  . 

 :  , ,  , -
 . 

     -
    CdTe  ZnxCd1-xTe   -

 K2Cr2O7 – HBr –  .   “  -
 –  ”     -

 .       
 -    . 

 :  , ,  , 
-  . 

The chemical dissolution of the CdTe and ZnxCd1-xTe single crystals in aqueous 
solution of K2Cr2O7 – HBr – xalic acid in reproducible hydrodynamics conditions 
has been investigated. It have been constructed the graphic dependences “etchant 
concentration – etching rate” and determined the concentration limits of polishing 
etchant. The etchants composition and condition of realization of chemical-dynamic 
polishing process of these semiconductors were optimized. 

Keywords: chemical etching, etchant, dissolution rate, chemical-dynamic polishing. 
     -  -

 ( )   dTe     
ZnxCd1-xTe   K2Cr2O7 – HBr –  , 

         
  ,      -

        -
 . 

      -
  dTe  Zn0,1Cd0,9Te,   Zn0,04Cd0,96Te   -

 .   0,5 2   1,5-2    -
   .        -

     10, 5  1   
 .     -  
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      ,  
   .      -

     [1]  :  
 ( 2  . + )   ( 2  .)   

( , 2 5 )   (   ).  
         -

  100      HNO3 – HBr – 
C4H6O6.     40 % HBr ( . ), 10,9 %-   -

 K2Cr2O7, 9 % 2 2 4 ( . )   2    -
   : 

K2Cr2O7 + 14HBr = 2CrBr3 + 3Br2 + 2KBr +7H2O   (1) 
         

 ,     ,    
   . 

 
) 

 
) 

 
) 

. 1.   (  = 294 , 
 = 82 –1)   ( / ) 

CdTe ( ), Zn0,04Cd0,96Te ( )  Zn0,1Cd0,9Te ( ) 
 '    

K2Cr2O7 – HBr – 2 2 4   , ,  
:  – 20:80:0;  – 20:20:60;  – 

50:50:0 (  I – , II – -
, III –  ). 

     dTe  ZnxCd1-xTe 
        K2Cr2O7 

– HBr        
,   (   = 294       = 82 –1). 
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     1-  (  ± 0,5 ). 

 «   –  » ( . 1)   
       

[2],       (  ),  ( -
 )   (  )     -
 .  
 . 1 ,       -
  3-10 / . ,     2Cr2O7   

     8,3 /   dTe, 10,3 /   
Zn0,04Cd0,96Te  9 /   Zn0,1Cd0,9Te.    -

     2Cr2O7   
  .      

2 2 4 (   )     (2,8-3,5 
/ ). ,        

  ,    -
  : 3,5-8 /   CdTe, 3,7-10,3 /   Zn0,04Cd0,96Te  

3,3-9 /   Zn0,1Cd0,9Te. ,     -
 (45-60 .% 2 2 4)    Zn0,04Cd0,96Te  Zn0,1Cd0,9Te 

   (  ).     « »  
   ,     

Zn 2 4      d 2 4.   ,    
   ,  , ,    

      .  
     ,   -
    dTe    ZnxCd1-

xTe,         = 293-
295       = 82 –1.    

    0,1    Na2S2O3  -
      (  2),   -

         .  
Na2S2O3 + Br2 + H2O = 2NaBr +H2SO4 + S   (2) 

      -
       -

     CdTe  ZnxCd1-xTe (  -
   Rz  0,05 ).    
     (3,3-10,3 

/ )         
   ,      
   .  

   
1.  . .     CdTe,  

ZnxCd1-xTe  CdxHg1-xTe    K2Cr2O7 – HBr – C4H6O6 / . . 
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, . . , . . , . . , . .  // -
    . – 2018. –  6. – . 99-106. 

2.  . .      
   / . . , . .  // -

. . – 1987. – . 53,  7. – . 65. 

 54.04:556.5 
 . .,  . . 

    . .  
      

        ,  
   ,     .  

 :  , ,  ,  -
,  ,  ( ), , , ,  . 

        , 
    ,   -

  . 
 :  , ,  ,  

,  ,  ( ), , , , -
 . 

The article presents the chemical indicators of water quality in the rivers of 
Ukraine, discloses the causes of water pollution, describes the chemical indicators of 
water quality. 

Key words: water resources, pollution, rivers of Ukraine, chemical indicators, 
water quality, acidity (pH), gases, impurities, compounds, toxic substances. 

        ,  -
   ,   

 , '        
   .      -

   .  ,     – -
  ,    , , , , 

-  .       
   .     

'          -  -
 .    '     
     .      

          -
,  '     .  
       ’ ,   -
       .  

      ,  
   ,  ,     
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,      .   
           -

   ,      [1, 8]. 
       

           
   ,  , 

        
        [6] . 

         
  (40 . ),  (745 ), -

,  (  400 . ),    (65–70 )  
      -

  ,    
 .        -
      ' .     

         -
   (IV–V  ).      

, ,    ,    [4, 7]. 
       -

        
   ( ).      ' -

,    . 
     ,   

  ,        
.      :  -

 (pH), ,   ,  ,  -
, , , , , , ,   -

  , ,  .    
 pH     (pH < 3),  (3,0–5,0), -

 (5,0–6,5),  (6,5–7,5),  (7,5–8,5),  (8,5–9,5), -
 (pH > 9,5) [2]. 

        
      1 3 .   

    2–8 /  2.     
     ,   -

   . 
  (    ,  )  

       ,  -
    -  ,     , -

, -    . ,     
     ,    

  ' . 
     '     

   .       1    
    (  , /  –  100),  (100–
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1000),  (1000–3000),  (3000–10000),  (10000–
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EFFECT OF SALTS’ ADDITIVES ON KINETIC PARAMETERS OF 

UNIMOLECULAR HETEROLYTIC REACTIONS 
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The influence of salts on the rate of monomolecular heterolytic reactions (SN1, 

E1) under 14 - 36 0C is studied, the reactions’ kinetic parameters (k, H , S , G ) 
are determined both in the absence of salts and in the presence of salt under condi-
tions of normal salt effect. It is proved that the normal salt effect in these conditions 
has a purely catalytic nature. The catalytic action of the salt’s cation reduces reac-
tion’s H , but such action of the salt’s anion increases reaction’s S . 

Key words: Normal salt effect, kinetic parameters, catalysis, activation enthalpy, 
activation entropy, unimolecular heterolysis. 

The effect of salt additives on the course of reactions can be powerful and versa-
tile. Additives of salts change the speed of reactions, affect their stereochemistry, 
change the direction of reagents’ attacks. The most prominent are the salt effects in 
the reactions of unimolecular heterolysis, which run through consecutive formation of 
a number of polar cationic intermediates [1]. 
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Linear increase of the reaction rate with increasing of salt’s concentration Csalt is 
called “normal salt effect” and is quantitatively described by Winstein equation (1):  

ks = k0[1 + bCsalt], (1) 
where ks – rate constant of the reaction in the presence of the salt with concentration Csalt, 
k0 – rate constant of the reaction in the absence of a salt, b – salt efficiency parameter.  

For a normal salt effect b = const > 0. The normal salt effect was explained by 
the increase in the ionic strength of the solution when salt was added. This explana-
tion is refuted by experiments, since there are many cases where salts do not affect at 
all the rates of unimolecular heterolysis reactions, but other salts exhibit a normal salt 
effect under the same conditions, and different salts in solutions having the same ion-
ic strength give different acceleration to the same reaction (salt efficiency parameter 
b typically varies from 4 to 40) [1]. An alternative explanation, which is also some-
times taken as such that requires no evidence, is that the covalent substrate RX reacts 
with nucleophile Y to form a parallel reaction flow by SN2 mechanism (Scheme 1).  

 
Scheme 1. Scheme of unimolecular heterolysis reactions 

To advance the studies of the nature of normal salt effect, we measured kinetics 
of 2-chloro-2-phenylpropane (cumyl chloride) heterolysis, including runs in the pres-
ence of LiClO4 additives (normal salt effect under the action of Li + cation) and kinet-
ics of 2-bromo-2-methylpropane (tert-butyl bromide) heterolysis in acetonitrile, in-
cluding runs in the presence of Bu4NBr additives (normal salt effect under the action 
of Br- anion) in the temperature range 14-36 0C by Verdazyl method [1]. Activation 
parameters for these processes were determined both in the absence of salts as well as 
in their presence (Tables 1 and 2). 

Table 1. 
Kinetic parameters of cumyl chloride heterolysis without and in the presence of lithi-

um perchlorate additives 
c(LiClO4) 102, mol/dm3 0 2.5 5 10 

H , kJ/mol 64.3 ±1.1 62.4±1.1 61.3±1.1 60.1±1.1 
S , J/(mol K) -131.1±2.3 -133.7±2.3 -134.8±2.4 -134.9±2.4 
G , kJ/mol 103.4±1.2 102.2±1.2 101.5±1.2 100.4±1.2 

Table 2. 
Kinetic parameters of tert-butyl bromide heterolysis without and in the presence of 

tetrabutylammonium bromide additives 
c(Bu4NBr) 102, mol/dm3 0 5 10 20 

H , kJ/mol 78.1 ±1.3 79.7 ±1.3 80.10 ±1.4 80.5 ±1.4 
S , J/(mol K) -96.3 ±2.3 -88.4±2.5 -84.9 ±2.5 -80.4 ± 2.8 
G , kJ/mol 106.9 ±1.4 106.0 ±1.4 105.4 ±1.3 104.5±1.3 
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Figure 1. The effect of the lithium perchlorate concentration on the rate of cumyl chloride heteroly-
sis in acetonitrile under different temperatures 

 
Figure 2. The effect of the tetrabutylammonium bromide concentration on the rate of of tert-butyl 

bromide heterolysis in acetonitrile under different temperatures 
Our kinetic studies have confirmed the data of [2] on the presence of a normal salt 

effect during cumyl chloride heterolysis in the presence of LiClO4 additives and the data 
of [3] on the presence of a normal salt effect on the tert-butyl bromide heterolysis in ace-
tonitrile in the presence of Bu4NBr additives. We extended the data of [2] and [3] and 

C(LiClO ) 10², 
 Mol/dm3 
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studied salt effects under 3 temperatures each effect (Fig. 1 and Fig. 2 respectively) to 
obtain kinetic parameters of the heterolysis under presence of the corresponding salts. 

It was found that in the presence of LiClO4 the rate of cumyl chloride dehydrochlo-
rination increases solely due to a decrease of activation enthalpy H  by 5 kJ/mol with a 
constant (within error) activation entropy S . Thus, for the normal salt effect caused by 
the action of the salt’s cation, the purely catalytic nature of the salt effect is confirmed. 

More complex trend has been found for t-BuBr dehydrobromination in the pres-
ence of Bu4NBr (action of Br- anion). In this case, the free activation energy of the 
reaction is reduced by increasing the activation entropy S  by 16 J/(mol K) with al-
most unchanged enthalpy of activation H . Such a catalytic action is rather unusual, 
it can be explained by a significant desolvation under formation of the ion triplet Br -

 t-Bu+  Br - in the transition state of the reaction. 
Our studies give way to some important conclusions: 

1. Normal salt effect in the rections of unimolecular heterolysis is caused by the cata-
lytic action of the salt particles, but not by SN2 reaction and certainly not by the in-
crease in the ionic strength of the solution. 

2. The catalytic action of the salt’s cation reduces reaction’s H , but such action of 
the salt’s anion increases reaction’s S . 
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KINETIC PARAMETERS OF EPIMERIZATION AND 
DEHYDROBROMINATION OF 7-BROMOCHOLESTEROL BENZOATE IN 

DIGLYME 
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Kinetics of 7-bromocholesterol benzoate epimerization and kinetics of it’s 7 -
bromoepimer dehydrobromination were studied in diglyme in the temperature range 
25-45 0C. The rate constants and G , H  and S  of the processes are determined. 
The epimer equilibrium constants and G and H for epimerization are determined. 
90% of reaction’s G  is required on the first step – formation of a contact ion pair. 
Bu4NBr additives strongly catalyze epimerization, increasing the S  of the process. 

Key words: Epimerization, kinetic parameters, catalysis, activation enthalpy, ac-
tivation entropy, 7-bromocholesterol benzoate. 

Among all stages of modern synthesis of vitamin D3, the greatest interest for re-
search has dehydrobromination of 7-bromocholesterol esters, which has the lowest 
yield among all stages, and its improvement can significantly increase the total output 
of industrial vitamin D3 synthesis. 

 
Scheme 1. Epimerization of 7-bromocholesterol benzoate. 

7-Bromocholesterol benzoate is obtained by the allylic bromination of choles-
terol benzoate. As a result of cholesterol benzoate bromination, the ratio of 7 - and 
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7 -bromo-epimers (1) and (2) in Scheme 1) is close to 1: 1, ie the bromine atom at-
tacks the substrate from both sides equally. 

In polar solvents or in the presence of bromide anion, the epimers are capable of 
interacting. This mutual transition obviously occurs because of the formation of an 
intermediate cationic intermediate (3), since the rate of interaction depends on the 
solvent polarity. In the literature, it is generally accepted that the epimeric ratio of 7-
bromocholesterol esters is important for the success of of 7-dehydrocholesterol syn-
thesis, but there is no correct data on the kinetics of epimerization of esters of 7-
bromocholesterol in the literature sourses [1-4]. 

We have conducted various studies of the kinetics of epimerization of 7-
bromocholesterol benzoate. The experiments were carried out for epimerically pure 
7 -bromocholesterol benzoate and for an equimolar mixture of 7 - and 7 -epimers. 

The experiments were performed in a low-polar diglyme, since this solvent 
solvates the cations, thereby increasing activity of the anions as particles that promote 
epimerization and dehydrobromination as the bases. The effect of temperature on the 
process was studied. Kinetic experiments were performed at 25.0 ° C and 45.0 ° C. 
The effect of salt (Bu4NBr) additives was also studied (Table 1). Epimerization kinet-
ics was studied on Anton Parr polarimeter, dehydrobromination kinetics was studied 
spectrophotometrically by Verdazyl method [5]. The values of the rate constants of 
epimerization were calculated according to the method given in [6]. 

The calculation of the temperature dependence of the epimerization rate con-
stants according to Eyring equation gives the value of the enthalpy of activation for 
the process of 7 -epimer to 7 -epimer conversion H  = 22.6 kJ/mol, for the pro-
cess of 7 -epimer to 7 -epimer conversion  = 10,15 kJ/mol. 

Table 1. 
Conditions and results of kinetic experiments of epimerization of 7-bromocholesterol 

benzoate in diglyme 

 
Direction of 
epimers’ 
transformation 

t, oC 
Salt’s nature & 
concentration 
C 103, mol/dm3 

Rate epimerization 
constant k 105, s-1 

Efficiency 
parameter b, 
dm3/mol 

Equilibrium 
constant  

1  

25 
- 0.446 ± 0.009 

6762 6.937 2  3.09 ± 0.09 
3  Bu4NBr 

2.858 
9.07 ± 0.23 

4  62.9 ± 1,5 
5  

45 

- 0.844± 0.018 

20057 
5.061 
 
 

6  4.27± 0.085 
7  Bu4NBr 

2.249 
39.6 ± 0.8 

8  200 ± 4,5 
9  Bu4NBr 

2.800 
48.2 ± 1,3 

10  244 ± 4,8 
Table 2. 

Kinetic parameters of 7-Bromocholesterol benzoate epimerization in diglyme 
(Bu4NBr) 103, mol/dm3  0 1 3 10 
H , kJ/mol  10.15 ± 0.28 49.5 ± 0.6 51.74 ± 0.8 52.60 ± 0.8 
H , kJ/mol  22.6 ± 0.3 61.9 ± 0.7 64.2 ± 0.9 65.0 ± 0.9 
S , J/(mol K)  -297.21 ± 3.5 -148.24 ± 2.8 -132.23 ± 2.7 -119.60 ± 2.5 
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S , J/(mol K)  -271.62 ± 2.8 -122.65 ± 2.3 -106.64 ± 2.2 -94.01 ± 2.0 
G , kJ/mol  98.7 ± 1.5 93.64 ± 1.5 91.14 ± 1.3 88.24 ± 1.3 
G , , kJ/mol  103.52 ± 1.6 98.44 ± 1.5 95.94 ± 1.5 93.04 ± 1.4 

As the heat of conversion of the 7 -epimer into a more stable 7 -epimer of 7-
bromocholesterol benzoate is negative, the conversion is exothermic, 

 =  -  = 10,15 – 22,58 = -12,43 kJ/mol 
and the epimeric equilibrium constant  = k /k  with increasing temperature must de-
crease. Indeed, at a temperature of 25 0  25 = 6,937, and at a temperature of 45 0  45 
= 5,061. These calculations and data show that from the point of view of the optimum 
epimeric ratio (preference for 7 -epimer) it is desirable to carry out the epimerization 
process at the lowest possible temperature. The epimerization rate (for the 7 -epimer 
k  = 4.46 10-6 s-1) is much higher than the rate of dehydrobromination (for the 7 -
epimer k  = 4.98 10-7 s-1), which shows that in the total process of C–Br covalent bond 
heterolysis in the 7-bromocholesterol benzoate, the first step of heterolysis is relatively 
fast and undoubtedly equilibrium, since epimerization occurs at the first step of the 
heterolytic process. In the absence of salt additives, the epimerization is slow (at 25 0C 
for 7 -epimer k  = 4.46 10-6 s-1, the half-life 1/2 is 43 hours, for 7 -epimer k  = k  = 
3.09 10-5 s-1, the half-life 1/2 is 6.2 hours, and such velocities are unacceptable for the 
process in technology and therefore require significant acceleration. 

Additives of Bu4NBr salt significantly accelerate epimerization process without 
affecting the epimeric equilibrium. This clearly indicates the catalytic nature of the 
acceleration of epimerization by bromide salts.  

The effect of salt concentration on the epimerization rate at 45 °C was studied 
for Bu4NBr additives. For medium salt concentrations (CS = 0.022÷0.028 mol/ dm3), 
the epimerization rate is greatly increased (approximately 50 ÷ 60 times) (Table 1), 
the dependence of kS - CS in the Winstein equation (1) is strictly linear, for bromide- 
ion salt efficiency parameter in the Winstein equation b = 20000. 

ks = k0[1 + bCsalt], (1) 
Table 2 shows that in diglyme with increasing salt concentration from zero to 

0.01 mol/dm3 enthalpy of activation for the transformation of 7 -epimer into 7 -
epimer H , as well as enthalpy of activation for the transformation of 7 -epimer in 
7 -epimer H  increase by about 40 kJ/mol, while the reduction of the free energies 
of activation G  and G  by 10 kJ/mol is ensured by significant increases in the 
activation entropies of S  and S  by 178 J/(mol K) each. Thus, it can be con-
cluded that the strong catalytic effect of salts on the epimerization process is provided 
not by a decrease in the enthalpy of activation, but by a strong increase in the entropy 
of activation of these processes, both forward and reverse. The free energies of acti-
vation G  for epimerization of 7 -epimer into 7 -epimer and the free activation 
energy of G  for dehydrobromination of 7 -bromocholesterol benzoate at the same 
concentrations of Bu4NBr (3 10-3 mol/dm3) have values, respectively, 95.9 kJ/mol 
and 108.4 kJ/mol. The comparison of these figures clearly demonstrates the fact that 
the lion share of energy costs in overcoming the overall potential barrier of the dehy-
drobromination reaction of 7 -bromocholesterol benzoate (108.4 kJ/mol) are paid on 
the first step of the process, which is the formation of the contact ion pair of the sub-
strate and equals appr. 90% of the total potential reaction barrier. 
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The article summarizes modern information on the composition and functions of 
free amino acids in plant organisms. The possibility of using of plant’s free amino acids 
to creat herbal preparations and biologically active additives is shown. According to the 
literature data, it is found, that among the fruits most commonly consumed by the popu-
lation of Kyiv region, almost all proteinogenic free amino acids are found in black mul-
berry (Mórus nígra L.). 

Keywords. Free amino acids in plants, functions, phytopreparations, biologically 
active additives. 
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The article presents the generalized information about the first active forms of 
oxygen AFO from the position of the theory of molecular orbitals. Their role in living 
beings and modern methods of their use in medical practice are shown. 

Key words: active forms of oxygen AFO, triplet oxygen, singlet oxygen, photo-
dynamic therapy, singlet oxygen therapy. 
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Sanislo S., Molnar F., Polin I. 
Ferenc Rákóczi II. Transcarpathian Hungarian Institute 

DETERMINE QUERCETIN AGLYCONE IN THREE DIFFERENT 
CALENDULA OFFICINALIS BY HPLC 

In this study, we report a simple method for the analysis of quercetin content of 
three different types of Marigold inflorescence. Using an acidic hydrolysis, we quan-
tify the aglycone itself and not the conjugates as rutin quercitrin. The acidic samples 
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are analysed with HPLC. The greatest quercetin content was found in Calendula off. 
“Ball’s Orange”. 

         -
      .  -
 ,     ,     

 .      . -
      Calendula off. «Ball's Orange». 
Key words: Quercetin, Calendula officinalis, marigold, HPLC 

Introduction 
Quercetin is a well know bioactive molecule, as many other flavonoids have 

benefits to human health. As an antioxidant it may have an anti-cancer effect or re-
duce blood pressure. A large number of food products among the flavonoids contain 
quercetin like grapes, wine, tea leaf, apples, or onion. The quercetin content of foods 
or food products is well studied, but usually it is quantified as its sugar conjugates.  

Calendula officinalis or Marigold is well-known as a medicinal herb. The petals 
of Marigold are containing, among many other compounds carotenoids, flavonoids 
and quercetin. The quercetin can present in the plant as sugar conjugate or as agly-
cone as well.  

The different studies use different methods to determine the content of quercetin.  
Many studies are determining the quercetin content as its sugar conjugates. The quanti-
fied amount of quercetin can vary in a wide range, depending on the polarity of the 
solvent or the time of extraction. We use a method to quantify the amount of quercetin 
aglycon and not its sugar conjugates. Therefore, we need to hydrolyse the carbohydrate 
conjugate of quercetin (Fig. 1). In the literature, there are well-described methods for 
hydrolysis and most of them use hydrochloric acid at different conditions [1,2]. The 
parameters described in sample preparations are efficient for the hydrolysis. 

 
Figure 1.: Hydrolyis of quercetin sugar conjugate 

Experimental 
Chemicals and materials 

For the analysis we choose 3 different varieties of Marigold as Calendula off. 
“Egypt Sun” from Ukraine, Calendula off. “Balls Orange” from Hungary and the 
third sample Calendula off. from Soroksár Hungary. All three plant were grown in 
the same garden in Bereghovo Transcarpatia county. The harvest was performed dur-
ing 2019. All the harvested inflorescence was air-dried. The Quercetin sample was 
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purchased from Shanghai Synnad. Through analyzing the sample we found its purity 
as 90%, so for further calculations we use this purity. The HPLC solvent of acetoni-
trile and methanol was purchased from Merck.  

Sample preparation 
For the analysis we use the whole inflorescence of the plant, not just the petals. 

All the plant materials (1 g) are dried further in the oven for 4 hours at 105 ± 2 °C. 
Then the samples were extracted with 20 ml of ethanol/water (83 w/w %) mixture for 
2 hours at 50 °C [3]. The extractum was filtered and 10 ml of each sample was added 
to 4 ml 12% HCl solution. The mixture was kept at 80 °C for another 2 hours, for the 
hydrolysis of sugar conjugate of quercetin. 
HPLC analysis  

The HPLC analysis performed on an Agilent 1260 Infinity II with DAD detec-
tor. The Poroshell 120 EC-C18 (4.6 x 150 mm) column was used for the separation. 
The column temperature at the measurements was 40 oC. The eluent “A” was 
bidestilled water and “B” is the acetonitrile. The correlation coefficient of the 
calibration curve for quercetin was r = 0,997. 

Results and discussion 
After the hydrolysis of the sample, we took out 1 ml of acidic solution for HPLC 

analysis, and extracted the rest with n-hexane for further purification. In the organic 
layer the trace of quercetin was not present. It could be caused by the protonated form 
of quercetin, since it is more polar, therefore the quercetin has stayed in acidic solu-
tion. In the literature, the scans are usually made somewhere between 250 and 350 
nm, but in the case of protonated quercetin, the absorption maximum is at ~375 nm 
[4,5]. For this reason, we scanned with a DAD detector of HPLC at 360 nm. As it 
was shown on the chromatograms (Fig. 2 – Fig. 4), all three samples contain querce-
tin in different concentrations.  

 
Figure 2. HPLC chromatograms (360 nm) of Calendula off.  ”Egypt Sun”, the retention time of 

quercetin is at 15.859 minute. 
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Figure 3. HPLC chromatograms (360 nm) of Calendula off.  ”Soroksári”, the retention time of 

quercetin is at 15.853 minute 

 
Figure 4. HPLC chromatograms (360 nm) of Calendula off.  ”Ball’s Orange”, the retention time of 

quercetin is at 15.853 minute 
As it was shown in Table 1., the greatest quantity of quercetin was found in C. 

o. “Ball’s Orange”. All calculations are based on the oven-dried samples. 
Table 1. 

The quercetin content of the samples 
Samples mg/100 g of dry plant material 

C. o. Egypt Sun 30,65 
C. o. Soroksári 21,37 
C. o. Ball’s Orange 39,45 

Conclusion 
The amount of quercetin can vary in a wide range for Calendula off.. In the case of 

acidic hydrolysis of quercetin, it does not necessarily need further purification, unless the 
solution was neutralized. We analyized the whole inflorescence, with this in mind this 
relatively low amount of quercetin is comparable with result from other studies [6,7].  

Acknowledgment: To Zsuzsanna Csoma and Dr. Zoltan Csoma for advices. 
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