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Methods of analysis of glycoluril and its derivatives 

The present work provides the literature data generalization concerning analysis of glycoluril, its derivatives 
and related compounds that allows obtaining information about the structure and properties of these com-
pounds. Basic methods for analysis of glycoluril and substances on the basis thereof are considered, ad-
vantages and disadvantages of these methods are described. The generalized results of the methods of analy-
sis of glycoluril and its derivatives show that the majority of carried studies are focused on the revealing of 
purity and identification of related impurities for compounds that found practical application (drugs, mono-
mers and polymers on the basis thereof). Consistent trend to active search of new methods to analyze 
macrocyclic and supramolecular systems synthesized on the basis of glycoluril is observed. The aim of the 
present review is to take attention of chemists to the most advanced methods of analysis of glycoluril and its 
derivatives with reference to promotion of further research. The literature analysis will be useful for research-
ers dealing with designing of new molecules based on glycoluril with given properties where the methods of 
process control and analysis of target compounds has a decisive importance. 

Keywords: glycoluril, N-substituted glycoluril, supramolecules, analysis, spectroscopy, HPLC, isomers. 

 

Introduction 

Bicyclic bisureas (glycolurils) belong to well-known azaheterocycles among which many valuable sub-
stances were founded and some of them are manufactured industrially. With that, there is no detailed infor-
mation on the impurity profile in the glycoluril synthesis as well as on its assay procedures. Besides there is 
no literature data on the reliable methods of assay of glycoluril and its derivatives. Based on the aforesaid, 
this review aims to draw the attention of chemists and specialists in related fields to the methods of analysis 
of glycoluril and its derivatives. 

1. General information about glycoluril 

In the chemistry of nitrogen-containing heterocyclic compounds bicyclic bisureas occupy a special 
place, and 2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione (glycoluril) 1 and its derivatives (Fig. 1) are among 
the most interesting of them. 

 
 a b 

Figure 1. Structural formula of glycoluril 1 (1a) and its spatial configuration in the crystal (1b) 

                                                      
*Corresponding author. 



A.A. Bakibaev, V.S. Malkov et al. 

6 Bulletin of the Karaganda University 

The chemistry of glycolurils, primarily due to the multifunctionality of their structure, has undergone a 
rapid development reflected in the creation of valuable substances on the basis thereof for various fields of 
human activity: antitumor drugs [1–4], their derivatives are used as stabilizers and antipyretics in production 
of rubbers [5], crosslinking agents [6], fibre modifiers in the manufacturing of fabrics [7], preservatives and 
bactericidal agents [8, 9] and modifiers of wood properties [10]. Currently, glycoluril 1 is an essential com-
ponent for the manufacturing of a number of macrocyclic compounds: molecular clips, bambus[n]urils, ti-
ara[n]urils, and several classes of cucurbit[n]urils [11]. Some glycoluril derivatives have found application in 
genetic research [12, 13] for the rapid analysis of glycolipids [14] and biogenic amines [15]. N-methylol de-
rivatives of glycoluril are used in the production of organic thin-film components of microelectronics [16]. 
Based on the supramolecular derivatives of glycoluril, new promising targeted antitumor [17], antibacterial 
[18] and other [19] drugs are being developed. Moreover, porous ungrafted [20] and grafted adsorbents [21], 
explosives [22–25], organic regioselective catalysts [26, 27] are made on the basis of glycoluril. Glycoluril is 
used as a catalyst for selective peroxidation in the fine organic synthesis of biologically active substances 
[28]. The undoubted advantage of glycoluril 1 is that it is nontoxic and not carcinogenic in the absence of 
impurities [29, 30]. 

Glycoluril 1 is a multifunctional compound having the urea fragment that indeed determines the proper-
ties of molecule 1 caused by the presence of two reactive centers in the molecule, namely, four electron do-
nating (NH) groups and two electron withdrawing (C=O) groups. Direct methods for the analysis of 
glycoluril 1 are based on its properties of a highly active n-nucleophile and a substantially deactivated p-
nucleophile. On the other hand, molecule 1 has two symmetry planes, namely, σ1 and σ2 (Fig. 2), that pass 
along the methine СН–СН bridge and two carbonyl oxygen atoms, respectively [31]. 
 

N
N O

N
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O
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Figure 2. Symmetry planes σ1 and σ2 in glycoluril molecule 

However, when studying the crystal structure of glycoluril 1 by X-ray structural analysis (Fig. 1b), it 
was found for the first time that, in addition to symmetry, the conformation of the bicyclic skeleton 1 due to 
the rigidity of the cis-coupling of annelated imidazolidinone rings has a folded structure in the form of a 
"half-opened book" [32], where the dihedral angle between the imidazolinone rings in molecule 1 is 124.1°. 
Moreover, it was found that nitrogen atoms in the molecule 1 are equidistant from each other. Hydrogen at-
oms with methine carbon are cis-oriented, and imidazolidinone rings are characterized by an almost flat 
structure with a slight deviation of the carbonyl groups from the middle plane. 

A significant limiting condition for the effective analytical determination of glycoluril is its low solubil-
ity in water and organic solvents, although most of its N-substituted derivatives are already free of this dis-
advantage (see Table 1 for the example of N,N,N,N-tetraacetylglycoluril). 

In addition, due to the widespread use of glycoluril 1 and its derivatives, there is a need for analytical 
methods to determine glycoluril and its related impurities. It is reliably known that targeted glycoluril 1 may 
contain closely related substances, such as hydantoin [33] and other unidentified impurities that accompany 
them after synthesis [34]. Moreover, in the open literature, there is no complete information about the profile 
of impurities and methods for their quantitative determination. The publications do not also provide reliable 
methods for the quantitative determination of glycoluril. Manufacturers and suppliers of glycoluril normalize 
only the elemental composition (%C, %N) [35] that is insufficient since the related glycoluril impurities of-
ten have similar elemental composition, therefore, elemental analysis cannot serve to unambiguously assess 
the purity of the desired compound. 
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T a b l e  1  

Comparative physical-chemical properties of glycoluril 1 and N,N,N,N-tetraacetylglycoluril 

Compound Glycoluril (1) Tetraacetylglycoluril 
Melting point 360 °С (with decomposition) 236–238 °С 
Solubility Insoluble in halocarbons, alcohols, ketones, es-

ters, upon heating it is soluble in DMSO, DMF, 
НСООН, АсОН, Ас2О 

Insoluble in H2O, alcohols, soluble in СН2Cl2, 
CHCl3, НСООН, АсОН, Ас2О, MeCN 

IR spectrum,  
ν, cm–1 

(KBr): 3209 (NH), 1675 (C=O) (Nujol): 1753, 1733 (С=О), 1695 (С=О) 

NMR 1Н 
(400 MHz, δ,  
DMSO-d6, ppm) 

5.24 (с, 2H, CH), 7.16 (с, 4H, NH) 6.38 (с, 2H, CH), 2.38 (с, 12H, CH3) 

NMR 13С 
(100 MHz, δ,  
DMSO-d6, ppm) 

160.30 (C=O), 64.60 (CH) 
169.42 (C=O acetyl), 151.48 (C=O),  

62.61 (CH), 25.11 (CH3) 

 
Currently, to analyze glycoluril 1, its N- and C-derivatives and their related compounds, a number of 

analysis methods are used that allow obtaining a significant amount of information about the structure and 
properties of these substances. Below we present the main methods for the analysis of glycolurils and com-
pounds synthesized on the basis thereof. We discuss and critically examine the advantages and disadvantages 
of the methods proposed. 

2. Spectral analysis methods 

Spectral analysis methods are widely used to investigate and analyse glycoluril 1 and its derivatives. To 
study the structure and properties of glycoluril, various spectral analysis methods are used: spectroscopy in 
the ultraviolet (UV), visible, and infrared (IR) regions, nuclear magnetic resonance spectroscopy (NMR), 
mass spectrometry (MS) and, less commonly, other methods of spectral analysis. 

2.1. Infrared spectroscopy 

One of the most widely used methods to analyze glycolurils is the IR spectroscopy method that is most 
often used in the middle spectral region, i.e. from 2,500 to 25,000 nm (400 to 4000 cm–1). IR spectroscopy is 
used to identify and confirm the structure of glycoluril [36, 37], its oligomers [38, 39], polymers [40], 
macrocyclic derivatives cucurbiturils [41], N-alkyl derivatives [42], N-acyl derivatives [43], C-phenyl 
glycolurils [44], C-amino derivatives [45], organosilicon [46], phosphorylated [47] and mercapto derivatives 
[48] as well as multifunctional glycoluril derivatives of complex composition [49]. There are known exam-
ples of the analysis of the confirmation of various N nitro derivatives of glycoluril: mono-, di-, tri-, 
tetranitroglycolurils and nitrophenyl derivatives [50, 51] by IR spectroscopy in a disk of potassium bromide 
and by IR spectroscopy of diamond attenuated total reflectance (DATR FTIR). 

The IR spectrum of glycoluril derivatives contains characteristic signals of vibrations of chemical bonds 
included in the structure of glycoluril (Table 2). 

T a b l e  2  

Characteristic absorption bands in the IR spectra of glycolurils 

Wavenumber, cm–1 Bond, type of vibrations Comment 
3350–3200 N–H, stretching No signal in N-tetrasubstituted derivatives 
3000–2048 С–H, stretching  

1680 C=O, stretching Carbonyl group of N-unsubstituted fragment 
1640 C=O, stretching Carbonyl group of N-substituted fragment 
1500 С–H, bending  
1100 C–N, stretching  

 
As can be seen from the data (Table 2), the infrared spectroscopy method allows identifying and con-

firming the structure of glycoluril derivatives. The method allows obtaining the information about the pres-
ence of several types of bonds and functional groups in the structure of glycolurils shown in the table. More-
over, IR spectroscopy can be used to identify target compounds by the "fingerprints" principle, when the IR 
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spectra of the two glycoluril derivatives completely coincide, one can conclude that they are completely 
identical. 

The disadvantages of this method are its comparative insufficient specificity, low resolution, and inabil-
ity to analyse mixtures of substances with a similar structure. IR spectroscopy of glycolurils is practically 
unsuitable for quantitative analysis and features low sensitivity to the water content in the sample. 

2.2. UV-Vis spectroscopy 

The method of spectrophotometry in the visible region is limitedly used for the indirect quantitative de-
termination of glycoluril [52]. Thus, a method is known based on the photometric determination of the reac-
tion product of glycoluril, sodium arsenite and sodium nitroprusside in the presence of Trilon B. However, 
the reaction chemistry is not given in the work that significantly complicates the interpretation of the results. 
At the same time, the proposed method does not provide chemoselectivity of the ongoing processes and does 
not allow analysing the glycoluril content in the solution in the presence of its precursors, namely, urea and 
hydantoin. 

In the structure of unsubstituted glycoluril 1 there are no chromophoric groups that provide an intense 
absorption in the UV spectrum with a wavelength above 200–220 nm. First of all, because of this, the UV 
spectroscopy is used to analyse the modified glycolurils, e.g., phenyl [53], pyridyl [54], and naphthyl deriva-
tives [55], due to the presence of analytical signals in the spectra of the corresponding glycoluril derivatives 
caused by the interaction of aromatic fragments of the molecules with the irradiation. 

The nature of the analytical signal in the direct spectrophotometric determination of aromatic deriva-
tives of glycoluril is determined primarily by the spectral properties of aromatic substituents and, to a lesser 
extent, by the properties that arise from p-π conjugation of the fragments of substituted glycolurils. At the 
same time, the bicyclic glycoluril fragment has practically no effect on the absorption: the general view of 
the spectrum and the absorption maxima of 3-methyl-6-phenylglycoluril and the precursor, phenylurea, prac-
tically coincide (Table 3). 

T a b l e  3  

Comparison of absorption maxima positions in the UV range for 3-methyl-6-phenylglycoluril and phenylurea 

Compound Absorption maxima, nm 

Phenylurea [56] 
232 
274 

3-Methyl-6-phenylglycoluril [53] 
217 
230 
274 

 
Thus, it is obvious that the UV spectroscopy is not a specific method for derivatives and predecessors of 

glycoluril, namely, acyclic ureas since it does not allow selective assessment of the concentration and proper-
ties of the corresponding substances with their possible simultaneous presence in the mixture. The low speci-
ficity of the UV spectrophotometry makes it unsuitable for confirmation, identification, and quantification of 
glycoluril 1 and its derivatives without preliminary sample preparation, e.g., those associated with the sepa-
ration of mixtures of closely related substances. 

The method of fluorimetry differs from the absorption spectroscopy by significantly higher sensitivity 
and specificity that is used in the analysis of some glycoluril derivatives. Fluorimetry is widely used to ana-
lyze glycoluril derivatives capable of fluorescence or its quenching [57]. For instance, the fluorescence pa-
rameters of bis-tolane glycoluril derivatives were studied and the excitation and emission spectra were ob-
tained [58]. The absorption region of the glycoluril derivatives under consideration is in the range from 
200 nm to 350 nm, the absorption maximum is at 300 nm (π→π* transition), the emission region is 400–
600 nm, the emission maxima are 406 and 432 nm. In the course of the studies, a selective fluorescence 
quenching of bis-tolan glycoluril derivatives in the presence of nitrophenols was shown. The mechanism of 
the observed effect, as indicated in the work, can be presumably associated with the simultaneous occurrence 
of hydrogen bonds between the hydroxyl group of nitrophenol and the carbonyl group of glycoluril as well as 
the π-π-stacking interaction [59]. Interestingly, the phenols that do not contain nitro groups in the structure 
do not affect the changes in the fluorescence intensity. 

The ability of dansyl glycoluril derivatives to fluorescence was studied in the presence of a wide range 
of metal ions: Ag+, Na+, Li+, Fe3+, Cr3+, Cu2+, Pb2+, Ni2+, Zn2+, Co2+, Cd2+, and Hg2+ [60]. The authors showed 
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that there is a dependence of the intensity of the light emitted by the complex on the metal nature. For in-
stance, it was found that the addition of Cu2+ or Hg2+ ions leads to a decrease in the fluorescence intensity, 
while Pb2+ had practically no effect, and the remaining ions increase the fluorescence intensity of the dansyl 
glycoluril derivatives. Presumably, these properties are associated with the structure of the electron shell of 
metal atoms, their ionic radius, and the ability to complexation. 

The opportunity for indirect fluorimetric determination of macrocyclic derivatives of glycoluril, name-
ly, cucurbit[7]uril and cucurbit[8]uril, was demonstrated [61–64]. Cucurbit[n]urils specifically affect the flu-
orescence intensity of proflavin, pyronin, oxonin, Congo red, methylene blue, and other organic dyes. Thus, 
when interacting with the glycoluril-based macrocyclic compounds, the fluorescence intensity changes, e.g., 
at different pH, the acridine red fluorescence intensity increases naturally with the addition of cucurbit[7]uril. 

A similar indirect method of fluorimetric determination was proposed to confirm the formation of a 
complex of cucurbit[n]urils with camptothecin [65]. Since the change in the fluorescence intensity of 
camptothecin with the addition of an equimolar amount of cucurbit[8]uril linearly decreases with the increas-
ing concentration of the added cucurbit[8]uril until the point at which the molar ratio of the reagents is 1:1, 
the authors suggest the formation of a "guest-host" complex with the molar ratio of cucurbit[8]uril and 
camptothecin of 1:1 ratio. 

The fluorimetric quantitative determination of cetylpyridinium in blood and urine with a limit of quanti-
tation of 7 μg/l [66] is based on the differences in the emission spectra of complexes of cucurbit[7]uril-
palmitin and free palmitin: the palmitin alkaloid is displaced by cetylpyridinium from the guest-host complex 
in this case, and a new emission maximum corresponding to free palmitin appears on the fluorescence spec-
trum. Due to the high selectivity of the fluorimetry method and the high affinity of the components of the 
"guest-host" complexes, high specificity of the method is achieved: the determination of cetylpyridinium 
does not interfere with the blood plasma components, anionic surfactants, amino acids, metal cations, many 
remedies, etc. 

Using fluorimetric titration, a controlled transition was studied at different pH values of the rotaxane-
like complex of cucurbit[6]uril with diaminobutane in various forms that differ in the position of the 
macrocyclic ring relative to the diaminobutane fragment of the molecule (Fig. 3) [67, 68]. 
 

 

Figure 3. Dependence of the fluorescence of the "guest-host" complex  
on the relative position of the cucurbit[6]uril fragment in the structure 

The authors found that with an increase in pH, the fluorescence intensity decreases, while at a pH value 
of 8.1, the fluorescence of the complex completely disappears indicating a quantitative transition of the com-
plex to a non-fluorescent state. 

The found fluorescence effects of such compounds can be used for the selective quantitative determina-
tion of "guest-host" complexes based on cucurbit[n]urils. 

It is noteworthy that the fluorimetry is the most specific method for the direct determination of 
glycoluril derivatives containing conjugated aromatic fragments in the structure with the ability to fluores-
cence. The key advantages of the method are high sensitivity (the minimum detection limit is ~10–17 g), the 
availability of equipment, the speed of analysis, and the safety of the structure of the substances being deter-
mined. 

The main disadvantages of this method are the inability to obtain an analytical signal for non-
fluorescent compounds, strict sample preparation requirements (the analytical signal is affected by the impu-
rities in solvents, etc.) as well as the lack of flexibility of the method: the emission wavelength is an individ-
ual characteristic of the substance and cannot be changed. Thus, when two related compounds with close 
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emission wavelengths are in the sample, it is extremely difficult to achieve analysis selectivity without using 
preliminary separation of the sample components. 

2.3. NMR spectroscopy 

NMR spectroscopy is one of the most widely used methods in the analysis of glycoluril derivatives. An 
investigation of the NMR spectra of glycolurils makes it possible to determine accurately the spatial configu-
rations of molecular symmetry when the hydrogen and carbon atoms of the bicyclic framework are expressed 
by equivalent signals. Using chemical shifts 1H and 13C in the NMR spectra of N-substituted glycolurils, it is 
possible to identify the type of substituent. 

An analysis of chemical shifts in the 1H and 13C NMR spectra of glycoluril and its derivatives (library 
of 86 compounds) was carried out to determine the influence of the donor-acceptor nature of substituents on 
changes in the electron density in the bicyclic framework from the position of symmetry and asymmetry 
[69]. The range of changes in the chemical shifts of key atoms in the glycoluril series includes NH protons 
(7.49–9.96 ppm); CH–CH (5.14–6.63 ppm); carbon C=O (151.40–161.79 ppm); CH–CH (61.55–
74.86 ppm). A general analysis of the 1H and 13C NMR spectra of the studied glycolurils allowed the authors 
to accurately identify the spatial symmetry configurations of the molecules, where the enantiotopic hydrogen 
and carbon atoms of the bicyclic framework (σ1 and/or σ2, Fig. 2) appear as equivalent signals. It was estab-
lished that according to the 1H and 13C chemical shifts in the NMR spectra of the N-substituted glycoluril 
framework, glycolurils with electron-withdrawing substituents for the screening of carbon atoms of C=O 
groups and electron-donating substituents for de-screening of CH–CH carbons can be distinguished. This is 
due to the redistribution of electron density and the occurrence of local paramagnetic contributions due to 
anisotropy. 

In the course of a general analysis of the 1H and 13C NMR spectra of the studied glycolurils, it was con-
cluded that screening of the carbonyl atom C=O in the imidazolidinone fragment of the molecule is observed 
for any type of N- or C-substitution. The generalizations made allow clearly distinguishing between symmet-
ric and asymmetric molecules and distinguish impurity signals that can often accompany the synthesis of 
glycolurils and compounds on the basis thereof. According to the 1H and 13C NMR spectra, glycolurils can 
be clearly distinguished with electron-withdrawing N-substituents by screening the signals of the carbon at-
om of C=O groups, and electron-donating N-substituents by de-screening of CH–CH carbon. 

In another review paper [70], a comprehensive systematic analysis of chemical shifts in the 31P and 13C 
NMR spectra of 89 phosphorus- and urea-containing heterocycles that differ in the valence state of the phos-
phorus atom, the size of the cycle, and the method of connection of the cycles was carried out. A compara-
tive analysis of the chemical shifts of the phosphorus atom in phosphorus- and urea-containing heterocycles 
with five-coordinated phosphorus showed that they mainly undergo a negative shift, and their location main-
ly depends on the hybrid state of P in the cycle and the way the cycles are connected. An attempt of a com-
parative analysis of the chemical shifts of the –C=O carbonyl group in phosphorus- and urea-containing 
heterocycles did not reveal the significant differences due to their changes in a narrow range of values (151–
156 ppm), regardless of the valence state of the phosphorus atom in the cycle and the way of connection of 
the cycles (e.g., in spiro- and bicyclic compounds). Of interest is only some screening of the C=O group in 
phosphorus- and urea-containing heterocycles compared to urea itself (159.5 ppm) and octane-bicyclic 
bisurea glycoluril 1 (161.9 ppm). This observed effect is apparently determined by an increase in steric 
stresses (compression) in phosphorus- and urea-containing heterocycles due to limitations in the flexibility of 
their skeleton, and, hence, an increase in the order of the amide bond. The informativity of analysis of the 
NMR spectra of phosphorus- and urea-containing heterocycles to some extent is reduced by the absence of 
chemical shifts of NH groups, but this circumstance is because almost all synthesized and identified 
phosphazacycles listed in the work contain substituents at nitrogen atoms. 

Apparently, due to the low content of natural 15N and 17O isotopes and high complexity of the analysis, 
there is practically no information in the literature on the use of NMR on 17O nuclei for several glycolurils, 
and to obtain the information on the position of chemical shifts of 15N glycoluril 1 and its derivatives the 2D 
heterocorrelations of the 1H–15N spectra [71] and the establishment of the direct coupling constant 15N–1H 
are usually used [72]. 

Thus, NMR spectroscopy is a serious tool to identify and confirm the structure of glycoluril derivatives. 
This method is the most reliable way to study the structure of substituted glycolurils, i.e., the position, 
amount, and type of N-substituents. A particular advantage of NMR spectroscopy is that the method allows 
establishing the spatial configuration of the glycoluril symmetry with high accuracy. A number of studies 
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have demonstrated the opportunity to use NMR spectroscopy for the analysis of glycoluril-based 
supramolecular systems. Thus, a detailed analysis of 13C NMR spectra was performed for the identification 
of a series of cucurbit[5–8]urils [73]. In Ref. [74] during the simulation of the binding process of the SF5 
complex with cucurbit[6]uril, the NMR shifts of the formation of the inclusion system were calculated and 
compared with the experimental values. It was proposed to include the prochiral dimethyl sulfonic deriva-
tives of biphenyls in the cucurbit[7,8]uril cavity that allows recording the proton chemical shifts due to the 
splitting of signals of a pair of methyl groups [75]. 

A key disadvantage of NMR spectroscopy as a method of analysis of glycoluril derivatives is its non-
selectivity for related compounds when substances are present in the sample as a mixture. In addition, an im-
portant disadvantage is the relatively high cost of NMR spectrometers and the need to use deuterated sol-
vents. 

2.4. X-Ray structural analysis 

The geometric features of glycolurils (Figs. 1 and 2) essentially determine the opportunity to synthesize 
and study supramolecular compounds on the basis thereof. In the course of such studies, it was found that 
glycolurils acted as building blocks of such polycyclic condensed systems as cucurbit[n]urils [76–78] and 
bambus[n]urils [79, 80] that have a number of unique physical & chemical properties. 

A study of the spatial arrangement of molecules determined by intermolecular interaction and polariza-
tion of bonds in synthons often provides initial information on the organization of supramolecules on the ba-
sis thereof. The obtained information on the structure of molecular ensembles extracted from the crystal 
structures of synthons is used to judge on the structure of liquids and solutions, molecular clusters, and other 
supramolecular structures. 

Taking into account the above, the analysis of the results of X-ray structural studies of glycoluril 1 and 
its derivatives (a library of 39 compounds) was carried out [81] and the structural features of these com-
pounds were revealed, namely, the effect of substituents and their types on the geometry of molecules, and 
the formation of hydrogen bonds in crystals that ultimately determines the ability of glycolurils to form com-
plexes, macro- and supramolecules. The result of the generalization of X-ray structural studies of a wide 
range of glycolurils made it possible to determine the centers of formation of hydrogen bonds and those par-
ticipating in complexing since in these cases it is the elongation of precisely those bond lengths that are in-
volved in intermolecular binding. 

An analysis of the structural parameters of N-alkyl glycolurils and metal complexes showed the pres-
ence of conformational similarity of the molecular scaffolds of the compounds studied. It was shown that N-
alkyl substituted glycolurils are potentially polydentate ligands (due to the contribution to the coordination of 
four nitrogen atoms and two oxygen atoms) and can fulfill both a monodentate and a bidentate bridging func-
tion with d-metals via binding of urea fragments through C=O groups depending on the coordination number 
of the metal atom. 

For complexation, oxygen and nitrogen atoms are the most possible coordination centers in glycolurils, 
however, coordination through nitrogen atoms is usually sterically hindered due to its predominant pyrami-
dal structure, especially since this center has a reduced electron density with respect to oxygen. 

The basic geometric parameters of the bicyclic framework for N-arylalkyl glycolurils are similar to 
those for N-alkyl glycolurils. When a substituent with a strong electron-withdrawing property is introduced 
into the glycoluril skeleton, the bond lengths of the C–N amide fragment increase causing a decrease in the 
nature of doubling and an increase in the nature of the C=O double bond. This fact can be explained by more 
efficient hybridization of carbonyl carbon atoms to the sp2 state and to the sp3 state in the С–N fragment oc-
curring for these compounds. 

When considering the dihedral angles of the studied glycolurils together, it was concluded that for any 
type of substitution (C- or N-) in the glycoluril framework, the values of the dihedral angles change towards 
their reduction, i.e., the effect of "collapsing" of annelated imiadazolidinone cycles is observed. However, 
when considering C1–C5 substituted glycolurils, a progressive decrease in the dihedral angle in these mole-
cules occurs with an increase in the size of the hydrophobic substituent (H>Me>Ph compounds). The same 
pattern is observed in a series of compounds in the presence of an electron-withdrawing functional group 
(H>NH2>CO2Et) in C1–C5-substituted glycolurils. 

The performed studies on the structure of glycolurils by X-ray structural analysis turned out to be useful 
for researchers involved in the designing of new molecules based on glycoluril 1 with predetermined proper-
ties in the synthesis of biologically active compounds, molecular clips, and supramolecular systems. 
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2.5. Mass-spectrometry 

Mass spectrometry also finds its place in the study of glycoluril derivatives. The "direct input" mass 
spectrometry is most often used when a mixture of substances is introduced into the ionization source of the 
mass spectrometer without prior separation by chromatographic methods. A method of mass spectrometry 
with electrospray ionization (ESI-MS) of N-alkylated glycoluril dimers without their preliminary chromato-
graphic separation was proposed [82] In the given mass spectrum, three signals of molecular ions of a mix-
ture of glycoluril dimers were observed (Fig. 4). 
 

 

Figure 4. Mass spectrum of the mixture of glycoluril dimers without decomposition 

The electron-ionization mass spectrometry (EI-MS) is widely used to confirm the structure of low mo-
lecular weight glycoluril derivatives [83]. Using this ionization method during mass spectrometric studies of 
synthesized samples, mass spectra of a large number of N-alkylated and N-acylated glycoluril derivatives are 
described. However, the EI-MS ionization mode used in mass spectrometers is de facto incompatible with 
liquid chromatography: modern EI-HPLC solutions do not provide sensitivity comparable to atmospheric 
pressure ionization modes (API). Thus, this method cannot be used to study and analyse mixtures of non-
volatile compounds that is characteristic of many glycoluril derivatives. 

Mass spectrometry was used to study the composition and decomposition paths of glycoluril nitro de-
rivatives. It was shown that dinitroglycoluril, when introduced into the ion source of electronic ionization, is 
characterized by a number of ions m/z=232, 231, 215, 183, 142, etc., on the mass spectrum [23]. The key 
ionization pathways are related to the breaking of C–N and N–H bonds as well as OH group losses. A num-
ber of signals in the mass spectrum may not be associated with dinitroglycoluril, and their source may be 
connected with possible impurities formed during the synthesis of glycoluril. Dinitroglycoluril labeled with 
2D and 15N atoms was shown to undergo similar fragmentation without significant differences in the intensi-
ty of the fragment ions. 

In Ref. [84], mass spectra were obtained from a study of the isolated samples for a number of isomeric 
dimethylglycolurils 3–5 by GC-MS (Fig. 5). 
 

 

Figure 5 Structural formulas and mass spectra for isomers of N-dimethylglycolurils 



Methods of analysis of glycoluril and its derivatives … 

CHEMISTRY Series. No. 4(100)/2020 13 

As can be seen from the mass spectra of these compounds, the m/z values of the fragment ions of sub-
stances 3 and 5 are absolutely identical, therefore, gas chromatography-mass spectrometry can only be used 
to identify isomer 4. The authors assumed that the absence of visible differences in fragmentation 3 and 5 are 
associated with similar trajectories of possible fragmentation paths 3 and 5 and the difference in the proposed 
mechanism of fragmentation of substance 4 (Fig. 6). 
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Figure 6. Tentative scheme of fragmentation of molecules 3, 4, and 5 during electron ionization 

The proposed fragmentation scheme shows that substances 3 and 5, when they are electronically ion-
ized, form a series of successive ion radicals with similar m/z values. Contrary, during ionization, substance 
4 forms two sequences of radical ions, and this mechanism excludes the possibility of the formation of a rad-
ical ion with a value of m/z=141. By the presence of this ion, it is possible to judge whether a particular 
N-dimethylglycoluril belongs to isomer 4 or one of isomers 3 or 5. The results of the studies allow reliable 
identification of isomeric dimethylglycolurils 3–5. 

Refs. [85, 86] describe the use of the ESI-TOF-MS high-resolution mass spectrometry method to study 
the glycoluril derivatives. However, mass spectrometry was used without prior chromatographic separation 
to confirm the structure of oligomeric glycoluril derivatives. The authors of the work showed that the "Nega-
tive" ionization method can be used to obtain the analytical signal, while the formation of a number of ad-
ducts of the expected composition was observed, e.g., [M+Br]–, [M+Cl]–, [M+F]–, [M+1H-3Na]2–. 

The direct ionization mass spectrometry "Positive" is used to identify monomeric glycolurils, in particu-
lar, to identify phosphorylated derivatives of glycoluril [26], N,N′-diacetylglycolurils and N,N′-dibenzyl-
glycoluril [87]. In both cases, molecular ions of the corresponding glycolurils with the composition [M+H]+ 
were detected; the fragmentation mechanism was not described by the authors. 

To study the composition and quantitative determination of glycoluril derivatives by mass spectrometry, 
the method of matrix-associated laser desorption and ionization (MALDI-MS) was proposed [88]. The 
method is based on the soft ionization of molecules under the influence of laser radiation in the presence of 
acids or bases. The MALDI-MS allows the analysis of supramolecular glycoluril derivatives in matrices of 
complex composition, e.g., biological objects, without preliminary sample preparation and separation into 
components. Moreover, the advantages of the method are the high sensitivity (minimal detection limit is 
~10–15 g) and the ability to analyze compounds with high molecular weights (up to 150 kDa). 
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Figure 7. An example of mass spectrum of glycoluril derivative [26] 

The widespread use of liquid mass spectrometry is largely hindered by the high cost of the equipment 
for the study as well as the complexity of the method and the requirements for the purity of the sample and 
the reagents and materials used. 

2.6. Other spectroscopic methods 

The method of nuclear gamma resonance spectroscopy (Mössbauer spectroscopy) is limitedly used to 
analyse glycoluril derivatives containing iron atoms in the structure: cucurbit[n]uril ferrocenes [89] and other 
glycoluril-based supramolecular complexes [90]. 

Raman spectroscopy is also used to a limited extent in the study of glycoluril derivatives, in particular, 
to control the course of reactions and study the structure of some glycoluril derivatives, namely, guest–host 
complexes. In particular, the difference between the signals on the spectra of new glycoluril-based complex-
es and those of their components was shown [91–93]. In particular, when using this type of spectroscopy, the 
spectrum cannot be deciphered in details, it is used only to monitor the synthesis and subsequently identify 
the compounds by the "fingerprints" principle. 

EXAFS spectroscopy is a spectroscopic method based on the interpretation of the fine structure of X-
ray absorption spectra. The Refs. [94–96] show examples of deciphering the 3D structure of cucurbit[n]uril 
complexes and metal compounds: Cu(II), U(VI), and Eu(III) (Fig. 8). The EXAFS spectroscopy method al-
lows determining the interatomic distances, coordination numbers, valence states of atoms, and other param-
eters. The rarity of use of this method with respect to glycoluril derivatives is explained by the high cost of 
equipment and the inability to determine the spectral parameters of compounds that do not contain elements 
with a molecular weight below 20 in the structure. 
 

 

Figure 8. An example of visualization of EXAFS spectra of a complex of cucurbit[5]uril and Eu(III) [96] 
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3. Electrochemical methods of analysis 

Electrochemical methods to analyze glycolurils are presented in very rare cases. Thus, the voltammetry 
method is limitedly used for the direct determination of glycoluril derivatives, e.g., for analysis of guest-host 
complexes based on cucurbit[7]uril and substituted metallocenes: ferrocene and cobaltocene [97, 98], and 
only due to the electrochemical activity of metals in these compounds. 

Glycoluril derivatives are used as electrode modifiers. To analyze cholesterol in blood plasma and food 
products, the authors of Refs. [99,100] applied the electrode modification to a phosphorylated glycoluril de-
rivative that does not have its own electrochemical activity. 

The opportunity to study macrocyclic complexes of glycoluril with zinc, manganese, cobalt, nickel, and 
cadmium by polarography with a dropping mercury electrode was studied [101, 102]. The relationship be-
tween the analytical signal, the concentration of metal, cucurbit[n]uril, and the interaction constant of the 
components of the guest-host complex was shown. 

Electrochemical methods of analysis are rarely used to study and analyse glycoluril derivatives. Obvi-
ously, this phenomenon is associated with their direct physical-chemical properties, namely, with low solu-
bility and high chemical inertness. 

4. Chemical methods of analysis 

Currently, glycoluril derivatives are rarely analysed using "traditional" chemical methods of analysis. 
The study of the decomposition products of cucurbit[n]urils was carried out using a combination of instru-
mental physical-chemical and chemical analysis methods [103] in the latter case, using qualitative reactions. 
The evolution of ammonia and the formation of sodium carbonate during the boiling of glycoluril derivatives 
in a 30 % sodium hydroxide solution was confirmed by the colouring of the indicator paper. 

The quantitative determination of N-alkylated glycoluril derivatives can be carried out using the 
Kjeldahl method [104]. To quantitatively determine the N,N,N,N-tetramethylglycoluril, the methods of 
cerimetric and iodometric titration can also be used [105]. These analysis methods are non-selective in nature 
and are suitable only for analysis of the mass fraction of the main substance provided that the impurities are 
identified and analysed by another method, e.g., chromatography. 

5. Chromatographic methods of analysis 

5.1. Gas chromatography (GC) 

Several examples of the gas chromatographic analysis of glycoluril derivatives are known. For instance, 
it was proposed to separate fully alkylated glycoluril derivatives: N,N,N,N-tetramethylglycoluril, N,N,N,N-
tetraethylglycoluril, N,N,N,N-dimethyldiethylglycoluril, and N,N,N,N-isopropyltrimethylglycoluril using a 
one-meter-long packed chromatographic column filled with stationary phase G3 OV-17 (50 % diphenyl-, 
50 % dimethylpolysiloxane) [104]. 

A method to analyse the content of N,N,N,N-tetramethylglycoluril in biological fluids after extraction 
with chloroform was proposed [106]. The method consists in gas chromatographic separation of N,N,N,N-
tetramethylglycoluril from the matrix components using a steel packed column filled with chromosorb-G, 
modified with 3 % diphenyldimethylpolysiloxane OV-17. The carrier gas is nitrogen, isothermal chromatog-
raphy is carried out at 240 °C, the gas flow rate at the column outlet is 35 ml×min–1. The injection volume of 
the solution is 2 μl. 

The method of analysis of N,N,N,N-tetraethylglycoluril by gas chromatography using a capillary chro-
matographic column was recommended [107]. Analysis conditions: glass column 0.26 mm × 25 m, station-
ary phase was Xe-60 (cyanoethyl methylsiloxane), isothermal analysis, column temperature was 185 °C, car-
rier gas flow rate was 2 ml min-1; stream division was 1/20. The internal standard was N,N-dimethyl-N,N-
diethylglycoluril. Using this method, the retention times for N,N,N,N-tetraethylglycoluril and N-dimethyl-
N-diethylglycoluril were 20 and 24 min, respectively. 

5.2. Thin-layer chromatograhy 

The chromatography method to separate and analyze glycoluril derivatives is used less frequently than 
spectral analysis methods. Most often, in the publications concerning glycoluril derivatives, the authors note 
that the reaction progress is monitored by TLC [36, 108–111]. However, a fairly common case is that the 
conditions for chromatographic analysis and typical chromatograms and photographs of TLC plates are not 
provided. 
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The hydrolysis of tetraacetylglycoluril under the action of various nucleophilic reagents at room tem-
perature and pH=10 in an aqueous-alcoholic medium was studied in details (Fig. 9) [112]. 

The authors found that the hydrolysis of compound 2 occurs stepwise through the formation of a series 
of N-acetylglycolurils: triacetyl derivative; isomeric diacetylglycolurils; monoacetyl derivative and finally 
glycoluril 1. The TLC is carried out on tetraacetylglycoluril hydrolyzate on kieselguhr plates, the eluent is 
chloroform-methanol-ethyl acetate (7:2:2) followed by the development with hydroxylamine and ferric chlo-
ride that allowed separating and establishing the Rf values for the acylated glycolurils (Table 4). 

T a b l e  4  

The Rf values for products of tetraacetylglycoluril hydrolysis 

Substance Rf 
1 0.04 

TAGU 0.84 
TriAGU 0.76 

2,6-DAGU 0.68 
2,4-DAGU 0.35 
2,8-DAGU 0.61 

MAGU 0.21 
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Figure 9. Scheme of tetraacetylglycoluril hydrolysis 

Individual acetylglycolurils were characterized using NMR and mass spectrometry. 
The TLC method was used to confirm the structure and content of impurities of N,N,N,N-tetramethyl 

glycoluril, the active substance of the remedy "Adaptol" (JSC "Olainfarm", Latvia) [113]. The identities of 
other alkylated glycoluril derivatives were also controlled by TLC [114]. The separation was carried out us-
ing "Silufol" plates as the stationary phase. The plates were chromatographed using supported samples with 
an ascending method with a solvent mixture of acetone-hexane in a volume ratio of 5:2. The plates were de-
veloped by keeping in the iodine chamber for 1–2 min. Under these conditions, the Rf values for 
N,N-dimethyl-N,N-diethylglycoluril and N,N,N,N-tetraethyl glycoluril were 0.41 and 0.49, respectively. 
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raphy of a mixture of glycoluril derivatives. Thus, C, C′-diphenyl-N,N′-dibenzylglycoluril, the initial and by-
products of the synthesis, were separated and isolated by normal-phase chromatography using spherical sili-
ca gel with a particle size of 50 μm as a stationary phase, and a mixture of chloroform-methanol (50:1 v/v) as 
a mobile phase. 

The composition of the reaction products between formaldehyde and glycoluril 1 was studied by re-
verse phase chromatography with spectrometric detection in the UV region [125]. The best separation of the 
peaks of glycoluril 1 and the products of its interaction with formaldehyde was achieved using the stationary 
phase Hypersil MOS 5 μm 200 × 4.6 mm and water as the mobile phase. However, according to the results 
of the study, the authors found various products of glycoluril methylation with formaldehyde. The com-
pounds were not identified, moreover, a complete chromatographic separation of the components of the mix-
ture was not achieved: the resolution between the peaks did not exceed the value RS=1.2 even with a reten-
tion time of the most retained component tR=34.3 min. 

The purity and yield of carboxylated glycoluril derivatives were evaluated by RP-HPLC using the sta-
tionary phase Kromasil C18 (spherical endcapped octadecylsilylated porous silica gel) [126]. The mobile 
phase was a water-methanol mixture (6:4 v/v). The isocratic elution was applied. The optical purity of 
glycoluril derivatives was evaluated by chiral chromatography using a stationary Astec Chirobiotic T phase 
based on the macrocyclic glycopeptide antibiotic teicoplanin grafted onto silica gel. A similar approach to 
the separation of enantiomers of glycoluril derivatives was described [127, 128]. The authors used similar 
sorbents as stationary phases to analyze the optical purity, i.e., silica gels modified with teicoplanin aglycon 
(Astec Chirobiotic TAG). 

The diastereomers of the macrocyclic aromatic derivatives of glycoluril, xylenebambusurils, were sepa-
rated using preparative reverse-phase gradient flash chromatography on a Grace C18 sorbent using a mixture 
of water and acetonitrile in volume ratios from 80:20 to 0:100 as a mobile phase [129]. The target 
diastereomers were found partially separated and eluted from the cartridge in 27–30 min. 

According to Ref. [130], quantitative determination of N,N,N,N-tetramethylglycoluril (Mebicar) in the 
composition of drugs, in tablets, granules and capsules was carried out by HPLC, but the authors did not dis-
close the analysis conditions. In addition, some manufacturers of N,N,N,N-tetramethylglycoluril declared 
that the mass fraction of the main substance in their products was monitored by HPLC, however, the analysis 
methods were not publicly available. 

Ref. [131] shows the opportunity for chromatographic determination of N,N,N,N-tetramethylglycoluril 
by the method of microcolumn HPLC using a chromatographic column filled with a ProntoSil 120-5-C18 Aq 
(Knauer) reversed phase spherical adsorbent (Knauer) was shown to be chromatographic. Mobile phase A 
was 200 mM lithium perchlorate solution, adjusted with a 5 mM perchloric acid solution to pH=2.8; mobile 
phase 2 was acetonitrile. Elution mode comprised a linear gradient from 5 % to 70 % acetonitrile. The reten-
tion time of N,N,N,N-tetramethylglycoluril was ~7 min; the total analysis time was 40 min. 

Unlike unsubstituted glycoluril 1, its N-methyl derivatives 2–6 are soluble in many polar organic sol-
vents, including water. This circumstance served as the basis to study the chromatographic separation of 
N-methyl derivatives of glycoluril in several modes differing in the expected retention mechanism and selec-
tivity: reverse phase chromatography and hydrophilic chromatography [84]. The development of chromato-
graphic separation of N-methyl derivatives of glycoluril was carried out using the following samples of sub-
stances (Table 5). 

T a b l e  5  

Model glycolurils used in Ref. [84] 

Number  
of compound 

Name 

1 Glycoluril 
2 2-Methylglycoluril 
3 2,6-Dimethylglycoluril 
4 2,8-Dimethylglycoluril 
5 2,4-Dimethylglycoluril 
6 2,4,6,8-Tetramethylglycoluril 

 
In the reverse phase mode, the retentions of N-methyl derivatives of glycoluril were found to increase 

with an increase in the number of alkyl substituents. Tetramethylglycoluril did not elute from the column 
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when a 1 % solution of acetonitrile in water was used as a mobile phase, and the L1 PerfectSil Target ODS-3 
HD spherical porous silica gel with a particle size of 5 μm was used as a stationary phase (MZ-
Analysentechnik GmbH). When 5 % acetonitrile was added to the composition of the mobile phase, sub-
stance 6 was eluted from the column, while in the reverse phase mode for substance 1, the minimal required 
retention was ensured to resolve the critical group of peaks (Fig. 11). 
 

 

Figure 11. Chromatogram of a solution of mixture of glycoluril and tetramethylglycoluril 

Since it is impossible to achieve sufficient chromatographic separation of weakly retained components 
1–2 in the reverse phase chromatography under elution conditions of tetramethylglycoluril 6, it was assumed 
that the complete chromatographic resolution and elution of substances 1–6 in a short time was possible us-
ing the gradient elution mode comprising a continuous sequential increase in the eluting solvent strength. In 
order to verify this thesis, a series of experiments was carried out. For this, substances 1–6 were chromato-
graphed under the following conditions: a column with the size of 150 × 4.6 mm L100 Zorbax SB Aq, with a 
sorbent particle size of 5 μm (Agilent Technologies); mobile phase A was 5 % solution of acetonitrile in wa-
ter; mobile phase B was 25 % solution of acetonitrile in water; gradient profile: 0.0 min — 0 % PF B, 
1.5 min — 25 % PF B; volumetric flow rate F=1.5 ml×min–1; column thermostat temperature was 30 °C; 
injection volume was 5 μl. 

Fig. 12 shows that the substances 3–6 are eluted from the column with the shortest time, and sufficient 
retention of substances 1–2 is observed; however, dimethyl glycoluril isomers 3–4 are not completely sepa-
rated (RS3/4=1.35) making up a critical pair of peaks due to insufficient chromatographic selectivity system. 
 

 

Figure 12. Chromatogram of a solution of a mixture of 1 and its derivatives 2–6 obtained using the stationary phase 
Zorbax SB-Aq. For this stationary phase, the separation conditions were practically not optimized 

Thus, when optimizing the resolution using the approach of increasing N by extending the chromato-
graphic column or by increasing the overall retention of the chromatographic system, the minimal resolution 
can be achieved by increasing the analysis time. 

It has been suggested that the selectivity for structural isomers of dimethylglycoluril 3–4 can be in-
creased by using the stationary phase with grafted "planar" polar fragments. Such stationary phases are char-
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acterized by specificity with respect to structural isomers, i.e., "shape selectivity". In addition, a decrease in 
the selectivity of the chromatographic system with an increase in the retention coefficient in the reverse 
phase chromatography mechanism realized due to dispersion (hydrophobic) interactions is possible by com-
bining gradient elution (linear increase in the eluting force of the mobile phase) and using a stationary phase 
containing a grafted linker layer short-chain fragment. Presumably, all of these requirements can be met us-
ing halogenated phenylalkylsilylated silica gels such as dimethyl(3-(pentafluorophenyl)propyl)silyl silica gel 
(F5, PFP, etc.) [85]. 

When using such stationary phases, according to the authors, a complex retention mechanism is realized 
by combining hydrophobic interactions between methyl and methine groups of glycolurils, dipole-dipole in-
teractions, hydrogen bonds, and steric shape selectivity due to "flat" grafted selectors that are fragmentarily 
shown in Fig. 13. 
 

 

Figure 13. Simplified proposed multiple interactions between N-methyl derivatives of glycoluril  
(using 2,4-dimethylglycoluril as an example) and the stationary phase with a "flat" selector PFP;  

the dotted line indicates the intermolecular interactions 

To verify the possibility of complete separation of methylglycolurils, a prefilled column with the size 
150×4.6 mm filled with spherical endcapped pentafluorophenylpropylsilyl silica gel L43 — Luna 5u PFP (2) 
100 Å with a particle size of 5 μm (Phenomenex) was used. Chromatographic conditions: mobile phase A 
was 5 % solution of acetonitrile in water; mobile phase B was 25 % solution of acetonitrile in water; gradient 
profile: 0.0 min — 0 % PF B, 1.5 min — 25 % PF B; volumetric flow rate F=1.5 ml×min–1; column thermo-
stat temperature was 30 °C; 5 μl injection volume was used. 

When using this stationary phase in the gradient elution mode, complete chromatographic separation of 
substances 1–6 was achieved in less than 4 min (Fig. 16) with a minimum resolution of RS=1.6. 

Thus, the approach allowed achieving effective chromatographic separation of glycoluril 1 and its me-
thyl derivatives 2–6, including isomeric dimethylglycolurils 3–5. 
 

 

Figure 14. Chromatogram of a solution of a mixture of glycoluril 1 and its N-methyl derivatives 2–6  
under optimized conditions using stationary phase Luna PFP(2) 5u 
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Aromatic derivatives of glycoluril (1,6-bis(p-methoxybenzyl)-7,8-di-p-tolyl glycoluril, 1,6-dibenzyl 
glycoluril) were isolated from the reaction mass by flash chromatography [132]. Dry unmodified silica gels 
were used as the stationary phase, mixtures of ethyl acetate with n-hexane with an ethyl acetate content of 
30 % to 50 %, and methanol with methylene chloride in a ratio of 1:10 v/v were used as the mobile phase. 

Ion exchange and ligand exchange chromatography methods are used to a limited extent to isolate 
glycoluril derivatives. For instance, the sodium complexes of glycoluril oligomers (decamers) were isolated 
from the reaction mass by ligand exchange preparative chromatography [133]. 

Size exclusion chromatography is used to analyze the molecular weight of glycoluril-based polymers. 
The gel permeation chromatography (GPC) mode was used to determine the molecular weight of water-
insoluble glycoluril-based polymers [134, 135]. The stationary phase in this mode was a porous, hyper-
crosslinked polystyrene polymer; the mobile phase was most often chloroform or dimethylformamide. 

The molecular weight of water-soluble glycoluril-based polymers is most often analyzed using size ex-
clusion chromatography (SEC). For instance, water-soluble polymers based on glycoluril, epichlorohydrin, 
and formaldehyde were studied by the SEC method [136]. 

Ref. [137] showed the use of HPLC method to confirm the hypothesis of the formation of a guest-host 
supramolecular complex (Fig. 15). As the authors suggested, when cucurbit[n]urils were added to the lipo-
philic compounds, the retention time of the compound in the reverse phase mode was reduced. The analysis 
was performed under the following conditions: column was Agilent XDB-C18 (4.6 mm × 150 mm, 5 μm), 
elution was gradient water → acetonitrile in a v/v ratio of 95:5 to 5:95 in 18 min, flow rate was 1 ml×min–1. 
The mobile phase was acidified with 0.1 % trifluoroacetic acid to suppress secondary interactions in the col-
umn. 
 

 

Figure 15. Chromatogram of the starting compound (blue curve)  
and its guest-host complex with cucurbit[7]uril (red curve) 

Using preparative chromatography with the stationary C18 phase, it was proposed to isolate substituted 
macrocyclic glycoluril derivatives from the reaction mass, but the authors did not present the separation con-
ditions and chromatograms [138]. 

N,N-Diglycidyl derivatives of glycoluril used as crosslinking agents for the production of high-purity 
polymeric materials were purified from the related impurities by preparative chromatography [139]. Unmod-
ified silica gel was used as a sorbent; eluent was a mixture of chloroform and methanol 10:1 v/v. 

The authors of Refs. [140–143] indicated that the analysis of glycolurils was carried out by HPLC, but 
the conditions of analysis and chromatograms were not provided. 

Conclusions 

Thus, chromatographic methods are the most promising and informative for the analysis of glycoluril 1 
and its related compounds, since they allow rapid separation of complex mixtures of organic substances sim-
ultaneously with a quantitative determination. In addition, chromatographic separation can be adapted for 
preparative isolation of individual glycoluril derivatives in pure form as well as for combination with other 
analysis methods: UV and mass spectroscopy, fluorimetry, electrochemical analysis methods, etc. 

However, chromatography-based separation and analysis methods are applied to glycoluril derivatives 
to a limited extent: for instance, the open literature does not show the fundamental opportunity to analyze 
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glycoluril by chromatography. In most studies, the chromatographic analyses of glycoluril derivatives are 
limited to the determination of its supramolecular guest-host compounds, while the purity of the starting 
compounds is not controlled. However, since the content of related glycoluril compounds in the synthesis of 
supramolecular compounds on the basis thereof is undesirable due to the possible formation of macromole-
cules that differ in properties from the given ones, it is necessary to control the purity of low molecular 
weight glycoluril derivatives, especially with respect to specific impurities, i.e. spatial isomers. 

Summarizing the generalized results of the methods of analysis of glycoluril and its derivatives, we can 
point out that most of the studies conducted aimed at establishing the purity of the sample and identification 
of the related impurities for substances that have found practical use (drugs, monomers, and polymers on the 
basis thereof). The search for new methods to analyze macrocyclic and supramolecular systems synthesized 
based on glycolurils is carried out most intensively due to the unique properties found for such molecules. 
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А.А. Бакибаев, В.С. Мальков, Д.А. Кургачёв, О.А. Котельников 

Гликолурил жəне оның туындыларын талдау əдістері 

Мақалада гликолурилді, оның туындыларын жəне олардың байланысты қосылыстарын талдау 
əдістерінің əдеби мəліметтерін жалпылау жүргізілді, бұл осы заттардың құрылымы мен қасиеттері ту-
ралы ақпаратты біріктірілген түрде алуға мүмкіндік береді. Гликолурилдер мен олардың негізінде 
синтезделген қосылыстарды талдаудың негізгі əдістері зерттелген, оларды ұсыну барысында 
ұсынылған əдістердің артықшылықтары мен кемшіліктері сыни қарастырылған. Гликолурил мен оның 
туындыларын талдау əдістерінің жалпыланған нəтижелері көрсеткендей, жүргізілген зерттеулердің 
көпшілігі үлгінің тазалығын анықтауға жəне практикалық қолданысқа ие заттарға (дəрі-дəрмектер, 
мономерлер жəне олардың негізіндегі полимерлер) байланысты қоспаларды анықтауға бағытталған. 
Гликолурилдер негізінде синтезделген макроциклді жəне супрамолекулалық жүйелерді талдаудың 
жаңа əдістерін қарқынды іздеудің тұрақты үрдісі байқалады. Осы шолудың мақсаты — химия 
саласындағы мамандардың назарын гликолурил мен оның туындыларын талдаудың қолданыстағы 
əдістеріне аудару жəне одан əрі осындай зерттеулерді ынталандыру. Жүргізілген əдеби талдау алдын-
ала анықталған қасиеттері бар гликолурил негізіндегі жаңа молекулаларды жасаумен айналысатын 
зерттеушілер үшін пайдалы, оның барысында процестерді бақылау жəне мақсатты қосылыстарды 
талдау əдістері өте маңызды. 

Кілт сөздер: гликолурил, N-алмастырылған гликолурилдер, супрамолекулалар, талдау, спектро-
скопия, тиімділігі жоғары сұйық хроматография, изомерлер. 

 
А.А. Бакибаев, В.С. Мальков, Д.А. Кургачёв, О.А. Котельников 

Методы анализа гликолурила и его производных 

В статье проведено обобщение литературных сведений о методах анализа гликолурила, его производ-
ных и их родственных соединениях, позволяющих получить информацию о структуре и свойствах 
этих веществ в интегрированном виде. Рассмотрены основные методы анализа гликолурилов и соеди-
нений, синтезируемых на их основе, в ходе изложения которых критически рассмотрены достоинства 
и недостатки предлагаемых методов. Обобщенные результаты методов анализа гликолурила и его 
производных говорят о том, что большинство проведенных исследований направлено в сторону уста-
новления чистоты образца и идентификации родственных примесей для веществ, нашедших практи-
ческое применение (лекарственные препараты, мономеры и полимеры на их основе). Наблюдается ус-
тойчивая тенденция к интенсивному поиску новых методов анализа макроциклических и супрамоле-
кулярных систем, синтезируемых на основе гликолурилов. Цель настоящего обзора — привлечение 
внимания химиков к существующим методам анализа гликолурила и его производных и дальнейшее 
стимулирование подобных исследований. Проведенный авторами литературный анализ будет полез-
ным для исследователей, занимающихся конструированием новых молекул на основе гликолурила с 
заранее заданными свойствами, в ходе которых методы контроля процессов и анализа целевых соеди-
нений имеют решающее значение. 

Ключевые слова: гликолурил, N-замещённые гликолурилы, супрамолекулы, анализ, спектроскопия, 
высокоэффективная жидкостная хроматография, изомеры. 
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Isolation and biological evaluation of roseofungin  
and its cyclodextrin inclusion complexes 

Roseofungin belongs to polyene antibiotics which is more active and less toxic comparing other polyenes of 
this group. Roseofungin was isolated from Actinomyces roseoflavus var. Roseofungini using different chro-
matographic techniques and for the first time, the complexation of roseofungin with α-, β- and γ-cyclodextrin 
derivatives was performed. The binding patterns of the resulted complexes were studied in silico using mo-
lecular docking techniques. The best binding mode was for roseofungin against γ-CD with an affinity value of 
˗42.98 kcal/mol. The proposed binding mode of roseofungin against α-CD showed unusual interaction with 
an affinity value of ˗41.80 kcal/mol. Also, roseofungin bonded to β-CD with a binding affinity value of 
˗35.03 kcal/mol. The antiradical and cytotoxic activities of roseofungin and its obtained α-, β- and γ-cyclo-
dextrin complexes were determined. The antiradical activity was performed using butylhydroxyanisole as a 
reference, while the cytotoxic activity was determined using Artemia salina crustaceans. As a result of the 
biological activity study, it was found that roseofungin and some of its complexes have weak antiradical 
activities. 

Keywords: roseofungin, cyclodextrin, in silico, molecular docking, complexation, antiradical activity, cyto-
toxicity. 

 

Introduction 

The development of modern industries and the rapid growth of the population in the past 50 years set 
the task of searching for new renewable resources: food sources, biofuels, medicines, cosmetics and hygiene 
products, which will undoubtedly lead to increased interest in natural renewable resources. 

At the present time, the Republic of Kazakhstan does not have any its own drug that has antibacterial 
and anti-infective effect. The pharmaceutical industry of the Republic of Kazakhstan mainly produces galena 
preparations, as well as consumable medical devices such as masks, gloves, syringes, etc. The pharmaceuti-
cal and medical industry of the Republic of Kazakhstan has a big task to increase the share of domestic man-
ufacturers in the market to 50 % in the next 20 years. It is planned to modernize existing and build new 
pharmaceutical enterprises in the framework of the investment projects, to ensure the implementation of 
quality production standards in the pharmaceutical enterprises and to provide this industry with highly quali-
fied staff. 

In Kazakhstan, specialists of the Institute of Microbiology and Virology, al-Farabi Kazakh National 
University and South Kazakhstan state University named after M. Auezov are engaged in the search and 
study of new antibiotics, increasing the activity of produced known antibiotics. Thus, the broad-spectrum 
antifungal polyene antibiotic roseofungin was obtained for the treatment of deep and superficial mycoses. 
The spectrum of action of this antibiotic was found to be much broader than other known antifungal 
drugs [1, 2]. 

The antifungal ointment rosentein® is a roseofungin 2 % ointment which was developed by the Institute 
of pharmaceutical biotechnology of the National Center of Biotechnology of the Republic of Kazakhstan [3]. 
The strong antiviral activity of roseofungin against influenza and parainfluenza viruses was proven be-
fore [4, 5]. 

From a chemical point of view, the roseofungin molecule is of great interest, since there are several re-
action centers in the molecule that make it possible to obtain various derivatives. 
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The relevance of this work lies in the lack of research and sufficient production of domestic antibiotics. 
The purpose of the work was to obtain new derivatives of the antibiotic roseofungin and to study their 

physical, chemical and biological properties. 

Experimental 

1. Isolation of roseofungin (1) 
An aqueous micelle (56.52 g) (the micelle was obtained from the culture fluid Actinomyces roseoflavus 

var. Roseofungini, Stepnogorsk, Kazakhstan) was treated twice with acetone. After that, the solution was 
filtered out using a vacuum pump. The resulting filtrate (acetone layer) was evaporated at 30–35 °C on a 
rotary evaporator. The remaining concentrate (orange color) was extracted with n-butanol. Then the butanol 
layer was washed three times with 100, 50, 50 ml of 1 % aqueous solution of sodium hydroxide, and then 
twice with 100 ml of water. After separation, the butanol layer was evaporated at 42 °C on a rotary 
evaporator. A precipitate was formed when 200 ml of diethyl ether was added. The precipitate was filtered 
out in a vacuum. 0.71 g of raw roseofungin was obtained as a result. The mass was 0.69 g after drying in a 
vacuum concentrate. The roseofungin raw material was purified by gel filtration on Sephadex LH-20. 

2. Obtaining roseofungin / cyclodextrin complexes 
2.1. Obtaining roseofungin complex with α-cyclodextrin (2) 
0.05 g of α-cyclodextrin was placed in the crucible, a mixture of solvents (C2H5OH: H2O, 1: 1) was 

added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. Then the 
suspension was left inside the desiccator overnight. After the obtained complex (2) was dried in vacuum to 
constant mass. The mass of the compound (2) was 0.07 g, and the melting point was 210 oC (decomp.). 

The peaks of IR spectra were fixed at 696, 777, 1015, 1148, 1559, 1653, 2025, 2159, 2925, 3351 (neat, 
ν, cm-1). 

2.2. Obtaining roseofungin complex with β-cyclodextrin (3) 
0.05 g of β-cyclodextrin was placed in the crucible, a mixture of solvents (C2H5OH: H2O, 1: 1) was 

added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. Then the 
suspension was left inside the desiccator overnight. After the obtained complex (3) was dried in vacuum to 
constant mass. The mass of the compound (3) was 0.098 g, and the melting point was 179 oC (decomp.). 

The peaks of IR spectra were fixed at 668, 695, 777, 795, 1026, 1419, 1436, 1457, 1472,1507, 1521, 
1540, 1559, 1636, 1653, 1684, 1717, 1734, 2024, 2158, 2360, 2922, 3629, 3649, 3675, 3744, 3735, 3853 
(neat, ν, cm-1). 

2.3. Obtaining roseofungin complex with γ-cyclodextrin (4) 
0.05 g of α-cyclodextrin was placed in the crucible, a mixture of solvents (C2H5OH: H2O, 1: 1) was 

added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. The suspension 
was then left inside the desiccator overnight. After the obtained complex (4) was dried in vacuum to constant 
mass. The mass of the compound (4) was 0.13 g, and the melting point was 200 oC (decomp.). 

The peaks of IR spectra were fixed at 695, 777, 795, 940, 1023, 1419, 1457, 1507, 1521, 1540, 1559, 
1636, 1653, 1684, 1700, 1717, 1734, 2023, 2159, 2360, 2925, 3335, 3629, 3649, 3675, 3735, 3744, 3853 
(neat, ν, cm-1). 

3. Determination of antiradical activity 
3 ml of 6*10–5 M radical solution was added to 0.1 ml of the studied alcohol solutions in the concentra-

tion range of 0.1; 0.25; 0.5; 0.75 and 1.0 mg ml-1 to determine the inhibition of 2,2-diphenyl-1-picrylhydrazyl 
radical (DPPH). The test tubes were in a tripod wrapped in black plastic. After intensive mixing, the solu-
tions were left in the dark for 30 minutes, then the optical densities were measured at 520 nm wavelength. 
The antiradical activity (ARA) value of the studied objects were determined by the formula (1): 

 АРА (%) = A0 – At / A0 * 100,  (1) 

where A0 — is the optical density of the control sample; At — is the optical density of the working sample. 
The optical density of the studied compounds was measured at 520 nm using the Cary 60 UV-Vis de-

vice. The obtained antiradical activity was compared with the antiradical activity of butylhydroxyanisole 
(BHA) [6]. The optical density of the studied solutions, calculated by the formula 1, are shown in Table 1. 

4. Determination of cytotoxicity 
The cytotoxic activity was determined by a well-known method using Artemia salina crustaceans. 

Artemia is one of the standard organisms for testing the toxicity of chemical substances. 
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The flask was filled with artificial seawater and 200 mg of Artemia salina eggs were added. It was kept 
for 3 days with a soft supply of air, until the crustaceans were hatched from the eggs. One side of the tube 
was covered with aluminum foil, and 5 minutes later, the larvae that gather on the bright side of the flask 
were removed with a Pasteur pipette. 

20–40 larvae were placed in 990 ml of seawater in each of 30 test tubes. The number of dead larvae was 
counted under a microscope. 10 ml of dimethylsulfoxide solution (DMSO) was added to 10 mg ml-1 of the 
sample. The test substance was used as a comparison drug. Only 10 ml of DMSO was added for negative 
control. The number of dead larvae were counted under a microscope after 24 hours of incubation [7]. 

Mortality P was determined by the following formula (2): 
 P = (A – N – B)/Z*100, (2) 
where A — is the number of dead larvae after 24 h; N — is the number of dead larvae before the test; B — is 
the average number of dead larvae in negative control; Z — is the total number of larvae. 

3 solutions were prepared with different concentrations of each substance. 
5. Docking studies 
5.1. Preparation of the α-, β-, and γ-cyclodextrin (CD) structure 
The 3D crystal structures of the α-, β-, and γ-CD were extracted from the cyclo/maltodextrin/alpha-

cyclodextrin complex, beta-amylase/ beta-cyclodextrin complex, and glycogen phosphorylase B/gamma 
cyclodextrin complex, respectively. These complexes were retrieved from RCSB Protein Data Bank with 
PDB IDs of 2ZYM (resolution 1.80 Å), 1BFN (resolution 2.07 Å), and 1p2g (resolution 2.30 Å), respective-
ly. The docking analyses were performed using Discovery Studio 4.0 software to evaluate the free energies 
and binding mode of roseofungin molecule with the core site of α-, β-, and γ-CD. The most promising poses 
were selected depending the increased binding free energy (ΔG) [8–10]. 

The 3D crystal structures of α-, β-, and γ-CD were prepared by selecting α, β, and γ CD subunits and 
removing protein and all water molecules, heteroatoms and co-factors. Moreover, the correction of uncor-
rected valence atoms and crystallographic disorders were performed using alternate conformations and va-
lence monitor options. Then, the α-, β-, and γ-CD were protonated and its inflexibility was obtained by creat-
ing fixed atom constraint. Next, the energy was minimized by applying CHARMM (Chemistry at HARvard 
Macromolecular Mechanics) force fields, and MMFF94 (Merck Molecular force field) force field for charge 
and partial charge, respectively [11]. The binding sites of the α-, β-, and γ-CD were defined as receptor mol-
ecules and prepared for docking. 

5.2. Preparation of ligand 
The 2D structure of roseofungin molecule was sketched using ChemBioDraw Ultra 14.0 and saved in 

MDL-SD file format. Then, the SD file was opened (by Discovery studio 4.0 software) and protonated. 
Force fields were applied on the molecule to get lowest energy minimum structure via CHARMM and 
MMFF94 force fields for charge and partial charge, respectively. Then, each of them was prepared for dock-
ing by applying ligand preparation protocol. 

5.3. Docking simulation 
The docking is a technique that can reliably predict the preferred configuration of one molecule relative 

to another molecule when they are bound to each other to form a stable complex. The evaluation of generat-
ed poses was mainly based on the number of interactions they formed with the residues of active site upon 
binding [12–15]. 

The molecular docking of roseofungin was performed using CDOCKER protocol which is an imple-
mentation of the CDOCKER algorithm [16]. CDOCKER is a grid-based molecular docking method that em-
ploys CHARMM-based molecular dynamics (MD) scheme to dock ligands into a receptor binding site [17]. 
The default values were selected for the CDOCKER protocol. The CDOCKER energy (receptor-ligand in-
teraction energy) of best docked poses was calculated [18, 19]. 

Results and Discussion 

We worked out extracts of culture fluid and prepared a condensed extract. The antibiotic roseofungin 
was extracted twice from the wet mycelium with acetone under neutral reaction. The extracts were separated 
from the mycelium, combined, and the solvent was distilled in a vacuum. From the aqueous residue the anti-
biotic roseofungin was extracted with butanol. 

Butanol extract was separated, washed several times first with sodium hydroxide, then with water. The 
extract was evaporated in vacuum and the antibiotic roseofungin was precipitated by diethyl ether. The sed-
iment was filtered, washed with ether and dried in a vacuum. 
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Subsequently, the roseofungin raw material was purified by gel filtration on Sephadex LH-20. Spirit 
eluates corresponding to the lemon-yellow zone were combined and stored in a vacuum. The sediment was 
filtered out, washed several times with ether, and dried. Amorphous lemon-yellow powder was ob-
tained [20]. 

At the next stage of separation of the antibiotic roseofungin mixture, column chromatography was used, 
and the isolated fractions were once again purified by chromatography. The mixture of separated antibiotics 
was stored in an inert medium (argon) due to instability in light and air. 

In order to obtain new derivatives, we carried out the complexation of roseofungin (1) with 
cyclodextrins. Cyclodextrins are macrocyclic compounds with a natural carbohydrate structure. 
Cyclodextrins contain molecules including a cylindrical plane. 

It contains glucose residues connected by β-1,4-glycosidic bonds. Cyclodextrins differ depending on the 
number of monomers α-, β-, γ- and others. All the hydroxyl groups in the molecule are located on the outer 
surface of the molecule. Therefore, the inner cavity of cyclodextrins is hydrophobic. 

Roseofungin (1) interacted with α-cyclodextrin by the friction method. This is how the molecule (2) 
was formed. The compound (2) was powdery, with m.p. 210 °C (decomp.). 

Next, the roseofungin molecule (1) interacted with β-cyclodextrin. Compound (3) was obtained, it was 
powdery, with m.p. 179 °C (decomp.). 

Compound (4) was obtained as a result of the interaction of roseofungin with γ-cyclodextrin. The syn-
thesized compound (4) was powdery, with m.p. 200 °C (decomp.). 

The optical density of the studied solutions, depending on the concentration, was measured on a spec-
trophotometer at the 520 nm wavelength. The optical density of the studied solutions, calculated by formu-
la 1, are shown in Table 1. 

T a b l e  1  

Changes in the optical density of the studied solutions with changes in concentration 

No. Studied substances 
Optical density values by concentration (mg ml-1) 

0.1 0.25 0.5 0.75 1.0 

1 Butylhydroxyanisole (BHA) 0.1362±0.0000 0.1333±0.0000 0.1257±0.0000 0.1202±0.0000 0.1145±0.0000
2 R-ACD (2) 0.6485±0.0100 0.6415±0.0000 0.6481±0.0000 0.6849±0.0000 0.6849±0.0000
3 R-BCD (3) 0.7358±0.0000 0.7550±0.0320 0.7583±0.0000 0.7601±0.0000 0.7604±0.0000
4 R-GCD (4) 0.7335±0.0141 0.7428±0.0000 0.7577±0.0000 0.7666±0.0000 0.7665±0.0000
5 Roseofungin (Roseof-1) (1) 0.6364±0.0000 0.6062±0.0000 0.5781±0.0000 0.5764±0.0223 0.5631±0.0264

 
The antiradical activity of the studied solutions was compared with the antiradical activity of 

butylhydroxyanisole (BHA). The antiradical effect values of the studied extracts, calculated by the formula 
1, are shown in Table 2. 

T a b l e  2  

Antiradical activity (%) at different concentrations 

No. Studied substances 
Concentration (mg ml-1) 

0.1 0.25 0.5 0.75 1.0 

1 Butylhydroxyanisole (BHA) 80.82 81.23 82.30 83.08 83.88 
2 R-ACD (2) 12.03 12.98 12.09 7.09 7.09 
3 R-BCD (3) 8.97 6.59 6.19 5.96 5.93 
4 R-GCD (4) 9.26 8.10 6.26 5.16 5.17 
5 Roseofungin (Roseof-1) (1) 12.94 17.07 20.92 21.15 22.97 

 
The graphical dependence of the change in the studied substances antiradical activity on the change in 

concentration is shown in the Figure 1. 
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Figure 2. Docked pose 
of best ranked docking 
score of roseofungin 
(sticks) with α-CD 

(sticks) (front view) 

Figure 3. Docked pose of 
best ranked docking score 

of roseofungin (sticks) 
with α-CD (sticks)  

(top view) 

Figure 4. Docked pose of 
best ranked docking score 

of roseofungin (sticks) 
with α-CD (CPK)  

(top view) 

Figure 5. Surface view 
of α-CD inside the 

cavity of roseofungin 
(top view) 

 

  

Figure 6. Surface view of α-CD 
inside the cavity of roseofungin 

(top view) 

Figure 7. Surface view of α-CD 
inside the cavity of roseofungin 

(front view) 

Figure 8. Surface view of α-CD 
inside the cavity of roseofungin 

(front view) 
 

 
Figure 9. Docked 

pose of best ranked 
docking score of 

roseofungin (sticks) 
in the inner cavity 
of β-CD (sticks) 

(front view) 

Figure 10. Docked pose 
of best ranked docking 
score of roseofungin 

(sticks) in the inner cavi-
ty of β-CD (sticks)  

(top view) 

Figure 11. Docked pose 
of best ranked docking 
score of roseofungin 

(sticks) in the inner cavi-
ty of β-CD (CPK)  

(top view) 

Figure 12. Surface view of 
roseofungin inside the cavi-

ty of β-CD (top view) 

 

   

Figure 13. Surface view of 
roseofungin inside the cavity  

of β-CD (top view) 

Figure 14. Surface view of 
roseofungin inside the cavity 

of β-CD (front view) 

Figure 15. Surface view of 
roseofungin inside the cavity  

of β-CD (front view) 
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Fortunately, the expected binding mode of roseofungin against γ-CD was the best with an affinity value 
of ˗˗42.98 kcal/mol. The roseofungin was impeded perfectly inside the cavity of γ-CD, forming many essen-
tial interactions. Roseofungin’s hydroxyls and carbonyls could form ten hydrogen bonds with the hydroxyls 
of glucose subunits (Figures 16–22).  
 

 

Figure 16. Docked 
pose of best ranked 

docking score of 
roseofungin (sticks) 
in the inner cavity of 

γ-CD (sticks)  
(front view) 

Figure 17. Docked pose 
of best ranked docking 
score of roseofungin 

(sticks) in the inner cavi-
ty of γ-CD (sticks)  

(top view) 

Figure 18. Docked pose 
of best ranked docking 
score of roseofungin 

(sticks) in the inner cavi-
ty of γ-CD (CPK)  

(top view) 

Figure 19. Surface view of 
roseofungin inside the cav-

ity of γ-CD (top view) 

 

   

Figure 20. Surface view of 
roseofungin inside the cavity  

of γ-CD (top view) 

Figure 21. Surface view of 
roseofungin inside the cavity  

of γ-CD (front view) 

Figure 22. Surface view of 
roseofungin inside the cavity  

of γ-CD (front view) 
 

This finding indicated that the binding of roseofungin with γ-CD is more advantageous. 

Conclusions 

Thus, roseofungin was isolated by chromatographic methods, also, its α-, β-, and γ-cyclodextrin inclu-
sion complexes were obtained. The results of the docking studies indicate that the complex of roseofungin 
with γ-CD is more advantageous. As a result of studying the biological activity, it was found that 
roseofungin and its cyclodextrin complexes have weak antiradical activity and not toxic. 
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Розеофунгинді оқшаулау жəне биологиялық бағалау  
жəне оның циклодекстринді енгізу кешендері 

Розеофунгин полиен антибиотиктеріне жатады, ол осы топтың басқа полиендерімен салыстырғанда 
белсенді жəне аз уытты. Розеофунгин əр түрлі хроматографиялық əдістерді қолдана отырып 
Actinomyces roseoflavus var Roseofungini-ден оқшауланған жəне алғаш рет α-, β- жəне γ-циклодекстрин 
туындыларымен розеофунгиннің кешенді түзілуі жүргізілді. Алынған кешендердің байланыстыру 
заңдылықтары in silico молекулалық докинг əдістерін қолдана отырып зерттелді. Ең жақсы 
байланыстыру режимі –42,98 ккал/моль жақындық мəні бар γ-CD-ге қарсы розеофунгин үшін болды. 
Розеофунгинді α-CD-мен байланыстырудың ұсынылған əдісі жақындық мəні –41,80 ккал/моль 
болатын ерекше əрекеттесуді көрсетті. Сонымен қатар, розеофунгин β-CD-мен байланыстың 
жақындық мəні –35,03 ккал/моль арқылы байланысады. Розеофунгиннің жəне оның алынған α-, β- 
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жəне γ-циклодекстринді кешендерінің радикалға қарсы жəне цитоуыттылық белсенділігі анықталды. 
Радикалға қарсы белсенділік эталон ретінде бутилгидроксианизолды қолдану арқылы жүргізілді, ал 
цитоуыттылық белсенділік Artemia salina шаян тəрізділерді қолдану арқылы табылды. Биологиялық 
белсенділікті зерттеу нəтижесінде розеофунгиннің жəне оның кейбір кешендерінің əлсіз 
антирадикалды белсенділігі бар екендігі анықталды. 

Кілт сөздер: розеофунгин, циклодекстрин, in silico, молекулалық докинг, комплекс түзілу, 
антирадикалды белсенділік, цитоуыттылық. 

 
Р.И. Джалмаханбетова, Е.М. Сулеймен, И.Х. Эйса, A.M. Meтуали, Ж.Б. Искакова,  

Д.С. Балпанов, Г.Г. Сисенгалиева, Р.А. Ханнанов, Т.М. Сейлханов 

Выделение и биологическая оценка розеофунгина  
и его циклодекстриновые комплексы включения 

Розеофунгин относится к полиеновым антибиотикам и является более активным и менее токсичным 
по сравнению с другими полиенами этой группы. Розеофунгин был выделен из Actinomyces 
roseoflavus var. Roseofungini с использованием различных хроматографических методов. Авторами 
впервые было проведено комплексообразование розеофунгина с производными α-, β- и γ-цикло-
декстрина. Паттерны связывания полученных комплексов были изучены in silico с использованием 
методов молекулярного докинга. Наилучший режим связывания был для розеофунгина против γ-CD 
со значением аффинности –42,98 ккал/моль. Предложенный способ связывания розеофунгина с α-CD 
показал необычное взаимодействие со значением аффинности –41,80 ккал/моль. Кроме того, розео-
фунгин связывается с β CD со значением аффинности связывания –35,03 ккал/моль. Определена анти-
радикальная и цитотоксическая активность розеофунгина и полученных его α-, β- и γ-циклодек-
стриновых комплексов. Антирадикальную активность определяли используя в качестве эталона бу-
тилгидроксианизол, а цитотоксическую активность — на ракообразных Artemia salina. В результате 
исследования биологической активности было установлено, что розеофунгин и некоторые его ком-
плексы обладают слабой антирадикальной активностью. 

Ключевые слова: розеофунгин, циклодекстрин, in silico, молекулярный докинг, комплексообразование, 
антирадикальная активность, цитотоксичность. 
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Synthesis, molecular and crystalline structure of 8-formylharmine 

For the first time, synthesis of 8-formylharmine by the Vilsmeier reaction was carried out. 8-Formylharmine 
was obtained by treating alkaloid harmine with dichloromethoxymethane in the presence of SnCl4.The yield 
of the target product was 64 %. The structure of the obtained compound was established on the basis of 1H 
and 13C NMR spectroscopy as well as mass-spectrometry data. The crystalline structure of 8-formylharmine 
was determined by X-ray diffraction. It has been shown that the replacement of the hydrogen atom in the 
harmine molecule with a formyl group occurs at the C8 atom. It was revealed that the methoxy group at the 
C7 atom changes its orientation to the opposite one as compared to the orientation in the harmine molecule 
and its salts due to the mutual Van der Waals repulsion of the methoxy and formyl groups. A weak 
intramolecular hydrogen bond was found in the crystal between the O2 atom of the formyl group and the hy-
drogen atom of the secondary amino group. It was shown that molecules in the crystal form an intermolecular 
hydrogen bond between the same atoms (О2 and НN9A), as a result of which dimers are formed. 

Keywords: NMR spectroscopy, mass- spectrometry, X-ray diffraction analysis, crystal structure, hydrogen 
bond, harmine, 8-formylharmine, harmine derivatives. 

 

Introduction 

β-Carboline fragments of heterocycles of natural origin are part of many indole alkaloids, showing val-
uable pharmacological properties. Known examples of compounds comprising β-carboline fragment and ex-
hibiting antimalarial and cytotoxic effect on certain types of tumor cells, as well as of great interest as prom-
ising compounds that are leaders in the search for new physiologically active agents to treat diseases of the 
central nervous system and cardiovascular system [1, 2]. 

According to the literature, among indole alkaloids, β-carbolines are much less studied, and some of 
them are unknown at all. At the same time, compounds of this class have a significant potential for medical 
chemistry and pharmacology, since it can be assumed that they have a combination of biological properties 
characteristic of isomeric carbolins. 

The alkaloid of the β-carboline type harmine (1) is contained in the plant Peganum harmala L., which 
is widespread in the Republic of Kazakhstan. Harmine has a diverse biological activity: antitumor [3], antivi-
ral [4] and anti-inflammatory [5]. Harmine has an effect on the central nervous system, exhibiting 
neuroprotective activity in neurological diseases [6], and inhibits monoamine oxidase A [7]. 

In continuation of our studies on the conversions of the harmine alkaloid, the synthesis of a harmine de-
rivative containing a different substituent at position C8 was carried out [8]. It should be noted that modifica-
tions at the C8 atom are of interest in connection with the valuable antitumor and antimicrobial activity of 
synthetic and natural 8-halogen-substituted [9] and 8-methylamino-substituted [10] β-carbolines described in 
the literature. 

Experimental 

The 1H and 13C NMR spectra of compound (2), dissolved in CDCl3 + CD3OD, were recorded on a 
Bruker AV-600 spectrometer (operating frequencies 600.30 (1H) and 150.96 MHz (13C) relative to SiMe4. 
Various types of proton-proton and carbon-proton shear correlation spectroscopy (COSY, COXH, COLOC) 
were used for the assignment of signals in the NMR spectra. Multiplicity of signals in 13C NMR spectra was 
determined by recording the spectra in J-modulation mode. High-resolution mass spectra were recorded on a 
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DFS Thermo Scientific mass spectrometer, evaporator temperature 150–240 °C, ionization of ES (70 eV). 
Elemental analysis was performed on the Eurovector 3000 analyzer. 

Melting point was determined on an SMF-38 heating table. The reaction progress was monitored by 
TLC on Silufol UV-254 plates. The spots were developed by spraying the plates with a 10 % aqueous solu-
tion of H2SO4, followed by heating to 100 °C or by irradiation with ultraviolet radiation. The reaction prod-
uct was isolated by column chromatography on silica gel ("Acros", 0.035–0.070 mm, pore diameter 6 nm), 
eluent: chloroform-ethyl acetate. 

8-Formylharmine (2). To a solution of 1.02 g (4.8 mmol) of harmine (1) in 40 ml of freshly distilled 
CHCl3 cooled to 0 °C, 1.21 g (10.5 mmol) of Сl2CHOCH3 and 0.81 g (3.1 mmol) of SnCl4 were added with 
stirring. The reaction mixture was stirred for 2 hours at 0 °C, then 20 hours at room temperature, and then 
poured onto ice. The mixture was treated with 5 % aqueous ammonia (to pH 9) and extracted with chloro-
form (3×30 ml). The organic extracts were combined, washed with saturated NaCl (15 ml) and dried over 
MgSO4. The desiccant is filtered off, the solvent is evaporated off under reduced pressure. The residue was 
chromatographed on an alumina column (eluent is chloroform — EtOAc, gradient from 100:1 to 10:1). The 
fraction containing the product was recrystallized from a mixture of chloroform-petroleum ether, 5:1. Yield 
is 312 mg (64 %), yellow fine-crystalline powder, mp. 112–115 °C. 

NMR spectrum 1Н (CDCl3+CD3ОD), δ, ppm. (J, Гц): 2.71 (3H, s, СH3 at С-1); 3.95 (3H, s, OCH3); 
6.79 (1H, d, J = 8.7, 6-CH); 7.62 (1H, d, J = 5.5, 4-CH); 8.13 (1H, d, J = 8.7, 5-CH); 8.16 (1H, d, J = 5.5, 
3-CH); 10.75 (1H, br.s, СHO). NMR spectrum 13C, (CDCl3+CD3ОD), δ, ppm.: 19.25 (1-CH3); 56.17 
(OCH3); 103.70 (С-6); 108.55 (С-8); 112.12 (С-4); 116.24 (С-4a); 127.42 (С-4b); 130.25 (С-5); 134.62 
(С-9a); 140.06 (С-3); 141.52, 141.78 (С-1,8a); 163.50 (С-7); 190.58 (C=O). Mass spectrum, m/z (Iотн, %): 
241 (14), 240 (100), 239 (7), 225 (6), 194 (15), 169 (18), 18 (12). Found, m/z: 240.0890 [M]+. C14H12N2O2. 
Calculated, m/z: 240.0893. Found, %: C 69.71; H 5.12; N 11.49. C14H12N2O2. Calculated, %: C 69.99; 
H 5.03; N 11.66. 

X-ray analysis of compound (2). The cell parameters and the intensity of 10235 reflections (2001 inde-
pendent, Rint=0.0601) were measured on a diffractometer "Bruker Kappa APEX2 CCD" (MoKα, graphite 
monochromator, φ, θ-scan, 1.81 ≤ θ ≤ 25.05) at 296 K. The crystals are monoclinic, а=11.539(2), 
b=5.0197(9), c=20.198(4) Å, β=103. 077(8)°, V=1139.6(4) Å3, Z=4 (C14H12N2O2), The space group P21/c, 
dcalc=1.400 g/cm3, μ=0.096 mm-1. The initial array of the measured intensities was processed and absorption 
was taken into account using the SAINT [11] and SADABS [12] programs (multi-scan, Tmin = 0.9700, 
Tmax = 0.9986). 

The structure of compound (2) is deciphered by a direct method. The positions of non-hydrogen atoms 
are refined in the anisotropic approximation by the full-matrix least squares. Hydrogen atom at N9A is re-
vealed from the difference synthesis and its position is refined in the isotropic approximation. The remaining 
hydrogen atoms were placed in geometrically calculated positions and positions were refined in an isotropic 
approximation with fixed positional and thermal parameters (the "rider" model). The structure is deciphered 
and refined by the complex of programs SHELXS [13] and SHELXL-2018/3 [14]. 1319 independent reflec-
tions used for calculations with I≥2σ(I) (Rint = 0.0601), the number of parameters to be refined 169. The final 
divergence factors R1=0.0428, WR2=0.1100 (for reflections with I≥2σ(I)), R1=0.0880, WR2=0.1557 (for all 
reflections), GooF=1.049. Peaks of residual density: Δρ=0.283 and -0.283 e/Å3. The CIF file containing the 
complete information on the structure examined is deposited in the Cambridge Center for Crystal Structural 
Data (CCDC), under number 1854103. The atomic coordinates are shown in Table 1. 

T a b l e  1  

The coordinates of the atoms in the fractions of the cell (×104, for Н ×103)  
and isotropic thermal parameters (Å2, ×103) in the structure (2) 

Atom x y z Uэкв. 
1 2 3 4 5 

O1 13413(2) 655(4) 4336(1) 52(1) 
O2 11107(2) –3934(4) 4993(1) 48(1) 
C1 7032(2) –1004(5) 3561(1) 38(1) 
N2 6199(2) 286(4) 3097(1) 46(1) 
C3 6542(3) 2191(6) 2713(2) 49(1) 
C4 7693(2) 2979(5) 2763(1) 45(1) 
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C o n t i n u a t i o n  o f  T a b l e  1  
1 2 3 4 5 

C4A 8574(2) 1681(5) 3242(1) 34(1) 
C4B 9851(2) 1876(5) 3447(1) 34(1) 
C5 10703(2) 3441(5) 3251(1) 41(1) 
C6 11894(2) 3086(5) 3538(1) 41(1) 
C7 12252(2) 1134(5) 4035(1) 37(1) 
C8 11423(2) –494(5) 4260(1) 34(1) 
C9 10215(2) –94(4) 3956(1) 31(1) 

N9A 9236(2) –1389(4) 4064(1) 35(1) 
C9B 8224(2) –338(5) 3632(1) 33(1) 
C10 6617(2) –3085(6) 3982(2) 50(1) 
C11 14304(3) 2328(7) 4168(2) 68(1) 
C12 11791(2) –2498(5) 4783(1) 41(1) 
H9A 922(2) –258(6) 431(2) 49(1) 

 

Results and Discussions 

As a continuation of our research on the transformations of the harmine alkaloid (1) we synthesized a 
harmine derivative containing a different substituent in the C-8 position. 

The introduction of a formyl group into the harmine (1) molecule by the Wilsmeier reaction leads to the 
formation of 8-formylharmine (2) with a yield of 64 %. We have proposed a method of producing 
8-formylhamine when interacting with harmine dichloromethoxymethane in the presence SnСl4. 
 

 
 

The structure of the obtained compound (2) was established on the basis of 1H and 13C NMR spectros-
copy and mass-spectrometry. A peak with a molecular weight of 240.0890 Da was found in the mass-
spectrum of the obtained product, corresponding to the molecular ion C14H12N2O2

+ (calculated: 
240.0893 Da). When comparing the NMR spectra of compound (2) with the spectra of the original molecule 
(1), new signals were detected. The proton signal at C8 disappeared in the 1H NMR spectrum and appeared 
at 10.75 ppm. (1H, br.s), corresponding to the proton of the group C(H)=O, and in the 13C NMR spectrum a 
signal of 190.58 ppm corresponding to the carbon of the aldehyde group (C=O). The full assignment of 
NMR signals is given in the experimental part. 

In order to confirm the place of replacement of the hydrogen atom by the formyl group and to continue 
studying the crystal structures of alkaloids, the structure of 8-formylharmine was studied (2), a general view 
of which is shown in Figure 1. 
 

 

Figure 1. The structure of 8-formylharmine (thermal vibration ellipsoids shown with a probability of 50 %).  
The dashed line shows the hydrogen bond 
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From the data obtained it follows that bond lengths (Table 2) and bond angles (Table 3) in com-
pounds (2) are close to usual [15]. 

T a b l e  2  

Bond lengths (d, Å) in the structure (2) 

Bond d Bond d 
O1-C7 1.362(3) C4A-C4B 1.441(4) 

O1-C11 1.427(3) C4B-C5 1.385(3) 
O2-C12 1.213(3) C4B-C9 1.420(3) 
C1-N2 1.346(3) C5-C6 1.376(4) 

C1-C9B 1.391(4) C6-C7 1.397(4) 
C1-C10 1.492(4) C7-C8 1.409(3) 
N2-C3 1.346(4) C8-C9 1.405(3) 
C3-C4 1.367(4) C8-C12 1.452(4) 

C4-C4A 1.396(4) C9-N9A 1.362(3) 
C4A-C9B 1.399(3) N9A-C9B 1.394(3) 

 

T a b l e  3  

Valent angles (ω, deg.) in the structure (2) 

Angle ω Angle ω 
C7-O1-C11 118.6(2) O1-C7-C6 123.1(2) 
N2-C1-C9B 119.3(2) O1-C7-C8 115.1(2) 
N2-C1-C10 117.5(2) C6-C7-C8 121.8(2) 

C9B-C1-C10 123.1(2) C9-C8-C7 117.1(2) 
C3-N2-C1 119.1(2) C9-C8-C12 121.0(2) 
N2-C3-C4 124.8(3) C7-C8-C12 121.9(2) 

C3-C4-C4A 117.4(3) N9A-C9-C8 129.7(2) 
C4-C4A-C9B 118.0(2) N9A-C9-C4B 109.2(2) 
C4-C4A-C4B 134.8(2) C8-C9-C4B 121.1(2) 

C9B-C4A-C4B 107.1(2) C9-N9A-C9B 109.1(2) 
C5-C4B-C9 119.3(2) C1-C9B-N9A 130.0(2) 

C5-C4B-C4A 134.6(2) C1-C9B-C4A 121.4(2) 
C9-C4B-C4A 106.1(2) N9A-C9B-C4A 108.6(2) 
C6-C5-C4B 120.8(2) O2-C12-C8 124.0(2) 
C5-C6-C7 119.8(2)   

 

 

Figure 2. Packing of molecules (2) in a crystal lattice. Dotted lines show hydrogen bond 

0

a

b

c
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Atoms of the main frame are in the same plane with an accuracy of ± 0.01 Ǻ. The methoxy group is lo-
cated almost in its plane (torsion angle С6С7О1С11 = 3.9о), however, it is turned in the opposite direction, 
and the difference from the turn in the harmine molecule [16] is in the crystal hydrate of harmine hydrochlo-
ride [17] and harmine sulfate [18] (torsion angle С6С7О1С11=179.9о, –178.1о and 176.4(–177.4)о (two 
crystallographically independent molecules, respectively). 

In the crystal, molecules (2) are connected by a weak intramolecular hydrogen bond N9A-H (x, y, z).... 
O2 (x, y, z) (distances N-H 0.78 (3) Ǻ, N.... O 2.824 (3) Ǻ, H.... O 2.40 (3) Ǻ, angle N-H.... O 116 (3)o). In 
addition, the intermolecular hydrogen bond N9A-H (x, y, z).... O2 (2-x, -1-y, 1-z) (distances N.... O 3.105 (3) 
Ǻ, H.... O 2.33 (3) Ǻ, angle N-H....O 172 (3)o), as a result of which the molecules form dimers (Figure. 2). 

Conclusions 

As a result of synthesis and study of the spatial structure of 8-formylharmine: 
− the place of substitution of the hydrogen atom in the harmine molecule with the formyl group was de-

termined; 
− it was revealed that the methoxy group at the C7 atom changes its spatial orientation to the opposite in 

comparison with the orientation in harmine and its salts; 
− a weak hydrogen bond was detected between the O2 atom of the formyl group and the hydrogen atom 

of the secondary amino group; 
− it was shown that in a crystal the molecules form an intermolecular hydrogen bond between the same 

atoms, as a result of which they form dimers. 
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Қ.М. Тұрдыбеков, Ж.С. Нұрмағанбетов, Д.М. Тұрдыбеков,  
Г.К. Мұқышева, Ю.В. Гатилов 

8-Формилгарминнің синтезі, молекулярлық жəне кристалдық құрылымы 

Алғаш рет Вильсмайер реакциясы арқылы 8-формилгарминнің синтезі жүзеге асырылды. 8-
Формилгармин туындысы гармин алкалоидын SnСl4 қатысында дихлорметоксиметанмен өңдеу 
арқылы синтезделді. Мақсатты өнімнің шығымы 64 % құрайды. Синтезделген қосылыстың құрылысы 
1Н, 13С ЯМР спектроскопия жəне масс-спектрометрия əдістерімен дəлелденді. 8-Формилгарминнің 
кристалдық құрылымы рентген сəулелерінің дифракциясымен анықталды. Молекуладағы сутегі 
атомын гарминнің формил тобына алмастыру С8 атомында жүретіні көрсетілген. С7 атомындағы 
метокси тобы кеңістіктегі бағдарлануын, гармин мен оның тұздарындағы бағытқа қарағанда керісінше 
өзгертетінін байқатты. Бұл метокси- жəне формильді топтардың өзара ван-дер-ваальстік 
ығысуларынан пайда болады. Формил тобының O2 атомы мен екіншілік амин тобының сутегі атомы 
арасындағы кристалда ішкімолекулалық əлсіз сутектік байланысы байқалады. Кристалда молекулалар 
бірдей атомдар арасында молекулааралық сутектік байланысын (О2 и НN9A) құрайтыны жəне 
нəтижесінде олардың димер түзетіндігі көрсетілген. 

Кілт сөздер: ЯМР-спектроскопия, масс-спектрометрия, рентгенқұрылымдық талдау, кристалдық 
құрылым, сутектік байланыс, гармин, 8-формилгармин, гарминнің туындысы. 

 
К.М. Турдыбеков, Ж.С. Нурмаганбетов, Д.М. Турдыбеков,  

Г.К. Мукушева, Ю.В. Гатилов 

Синтез, молекулярная и кристаллическая структура 8-формилгармина 

Впервые осуществлен синтез 8-формилгармина по реакции Вильсмайера. 8-Формилгармин получили 
обработкой алкалоида гармина дихлорметоксиметаном в присутствии SnCl4. Выход целевого продук-
та составил 64 %. Строение полученного соединения установили на основании спектров 1Н и 13С 
ЯМР-спектроскопии, а также данных масс-спектрометрии. Кристаллическую структуру 8-формил-
гармина определяли с помощью дифракции рентгеновских лучей. Показано, что замещение атома во-
дорода в молекуле гармина на формильную группу происходит при атоме C8. Выявлено, что метокси-
группа при атоме C7 меняет свою ориентацию на противоположную по сравнению с ориентацией в 
молекуле гармина и его солях. Это происходит вследствие взаимного ван-дер-ваальсового отталкива-
ния метокси- и формильной групп. В кристалле обнаружена слабая внутримолекулярная водородная 
связь между атомом O2 формильной группы и атомом водорода вторичной аминогруппы. Показано, 
что в кристалле молекулы образуют межмолекулярную водородную связь между теми же атомами 
(О2 и НN9A), в результате чего образуются димеры. 

Ключевые слова: ЯМР-спектроскопия, масс-спектрометрия, рентгеноструктурный анализ, кристалли-
ческая структура, водородная связь, гармин, 8-формилгармин, производное гармина. 
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Biologically active substances from Achillea nobilis L. 

The review summarizes data on biologically active compounds of Achillea nobilis L. and methods of their 
isolation. From Achillea nobilis L., collected in different places of growth, the following have been isolated: 
essential oil, the main components of which are monoterpene compounds; sesquiterpene lactones estafiatin, 
hanphyllin, anobin, chrysartemine A, canin, anolide and tanapartin-β-peroxide; the steroid acetyleucanbin; 
flavonoids: 3,5-dihydroxy-6,7,8-trimethoxyflavone, 5-hydroxy-3,6,7,4’-tetramethoxyflavone and 5,3’-di-
hydroxy-3,6,7,4’-tetramethoxyflavone. It has been determined that the component composition of the essen-
tial oil of Achillea nobilis L. largely depends on the soil and climatic factors in the places of its growth, the 
phase of the growing season and the method of its extraction from plant raw materials, and the extractant used 
(chloroform, ethanol, hot water, diethyl ether). Antibacterial, antimicrobial, antioxidant, antiparasitic activi-
ties are characteristic both for the sums of extractive substances from Achillea nobilis L. and for individual 
compounds isolated from them. Methods for the isolation of biologically active substances from Achillea 
nobilis L. for the development of new drug substances are described. The main aim of this work was a com-
parative analysis of the available research results on the phytochemical study of Achillea nobilis L. 

Keywords: Asteraceae, Achillea nobilis L., sesquiterpene lactones, essential oil, flavonoids, isolation meth-
ods, biological activity. 

 

Introduction 

Plants of the genus Achillea L. of the Asteraceae family are considered as a promising source of biolog-
ically active substances, among which the most important are terpenoids and phenolic compounds. Other 
classes of natural compounds are also isolated from Achillea L.: carbohydrates (inulin and other polysaccha-
rides, rhamnose, arabinose, xylose, mannose, glucose, galactose), bitter principles and tannins, microele-
ments, acids (ascorbic, malic, aconitic, caffeic), amino acids, vitamins, alkaloids (achillein), coumarins 
(umbelliferone, scopoletin, isoscopoletin, scoparone and isofraxidine) [1, 2]. Essential oil of Achillea L. spe-
cies is a source of proazulenes and azulenes [3]. 

Preparations based on Achillea L. are widely used in medical practice. They have a hemostatic, bacteri-
cidal, anti-inflammatory, wound-healing, anticonvulsant, anti-allergic effect, improve digestion, expand bile 
ducts, and increase bile secretion [4]. Achillea millefolium L. is among the top five plants containing the 
largest number of anthelmintic compounds, along with Rosmarinus officinalis L. and Salvia officinalis L. [5]. 
The results of studies of the anthelmintic efficacy of Achillea millefolium L. herb, carried out on 
experimental groups of birds (geese and ducks), showed the possibility of its use against helminthiasis of 
domestic waterfowl [2]. In work [6], the aqueous extract of Achillea millefolium L. (flowers) and a number 
of other plants were tested in vitro, and their ovicidal and larvicidal activity against nematodes in animals 
was confirmed. 

The above-said indicates that it is promising to search among the secondary metabolites of plants of the 
genus Achillea L. for compounds responsible for their anthelmintic activity. 

The main aim of this work was a comparative analysis of the available research results on the phyto-
chemical study of Achillea nobilis L. 

Main part 

Over 10 species of plants of the genus Achillea L. grow on the territory of Kazakhstan. The most 
widespread among them are A. asiatica Serg., A. setacea Waldst. et Kit., A. millefolium L., A. nobilis L., 
A. micrantha Willd., A. salicifolia Bess., A. cartilaginea Ldb. [7]. Many taxa of this group are very similar in 
morphological characters and it is difficult to differentiate them without special morphological knowledge. 

                                                      
*Corresponding author. 
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There is an accessible exploitable raw material stock of A. nobilis L. on the territory of Central Kazakh-
stan, which is used in folk medicine as a phylogenetically close species to the officinal and relatively well-
studied A. millefolium L. It is distributed over high meadow and shrub steppes, on hillsides and river val-
leys [7]. 

According to the literature data, essential oil, the main components of which are monoterpene com-
pounds; sesquiterpene lactones: estafiatin (1), hanphyllin (2), anobin (3), chrysartemine A (4), canin (5), 
anolide (6) and tanapartin-β-peroxide (7); steroid acetyleucanbin (8); flavonoids: 3,5-dihydroxy-6,7,8-
trimethoxyflavone (9), 5-hydroxy-3,6,7,4’-tetramethoxyflavone (10), 5,3’-dihydroxy-3,6,7,4’-tetramethoxy-
flavone (11) [8–12] were isolated from A. nobilis L., collected in different places of growth (Table). 
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T a b l e  

Compounds isolated from Achillea nobilis L.  

Name of compound Gross formula State of substance 
Melting 

temperature, °С 
Ref. 

Estafiatin (1) С15Н18О3 Colorless acerous crystals 102–104 [8] 
Hanphyllin (2) С15Н20О3 Colorless lamellar crystals 189 [8] 
Anobin (3) С15Н20О5 Colorless rhombic crystals 175.5–177.5 [8] 
Chrysartemine A (4) С15Н18О5 Colorless crystals 252–253 [9] 
Canin (5) С15Н18О5 Colorless crystals 241–243 [9] 
Anolide (6) С15Н18О5 Colorless crystalline substance 167–169 [10] 
Tanapartin-β-peroxide (7) С15Н18О5 Colorless crystals 117 [12] 
Acetyleucanbin (8) С30Н50О2 Crystalline substance 210–212 [11] 
3,5-Dihydroxy-6,7,8- 
trimethoxyflavone (9) 

С18Н16О7 Yellow crystalline substance 148–150 [8] 

5-Hydroxy-3,6,7,4’-
tetramethoxyflavone (10) 

С19Н18О7 Pale yellow crystals 168–170 [12] 

5,3’-Dihydroxy-3,6,7,4’- 
tetramethoxyflavone (11) 

С19Н18О8 Pale yellow crystals 182–185 – 
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The essential oil of Achillea L. species has antimicrobial and antibacterial action [13], its antiparasitic 
properties have been reported in [2]. 

The available literature data allow us to conclude that the component composition of A. nobilis L. es-
sential oil is significantly depends on soil and climatic factors in the places of its growth, on the phase of the 
growing season and on the method of its extraction from plant raw materials [13]. Thus, the essential oil of 
A. nobilis L. from Yugoslavia is distinguished by a high content of α-thujone (25.7 %), artemisia ketone 
(14.8 %), borneol (9.9 %) and camphor (8.2 %) [14]. The Kazakhstan species of A. nobilis L. contain cam-
phor (17 %), 1,8-cineole (15.6 %), terpinen-4-ol (10 %), borneol (7.1 %) and β-eudesmol (7.1 %) [15]. There 
are more γ-cadinene (46.7 %), α-cadinol (8.6 %) and 1,8-cineole (5.9 %) in essential oil from the Russian 
species of A. nobilis L. [16]. Italian raw materials of A. nobilis L. contain germacrene D (46 %), 
caryophyllene oxide (4.3 %), monoterpene acetate (3.9 %) and camphor (3.3 %) [17]. Essential oil of 
A. nobilis L. from Hungary is characterized by a high content of camphor, borneol and piperitone [18]. Two 
subspecies of A. nobilis subsp. sipylea and A. nobilis subsp. neilreich are growing on the territory of Turkey. 
Fragranol (19.3 %), 1,8-cineole (12–17 %), chrysanthenone (4–17 %), linalool (5–16 %) are the dominant 
components of the essential oil in them [19]. 

Extraction with chloroform, ethanol, diethyl ether, hot water is a relatively common and affordable 
method for isolation of terpenoids, flavonoids and other polyfunctional compounds from Achillea L. raw ma-
terials. 

The method of sesquiterpene lactones estafiatin (1), hanphyllin (2), anobin (3) and flavonoid 3,5-di-
hydroxy-6,7,8-trimethoxyflavone (9) isolation from A. nobilis L. includes the extraction of raw materials of 
anthodium and leaves of A. nobilis L. by chloroform. Then the chloroform extract is concentrated, dissolved 
in 95 % ethyl alcohol and diluted with hot water in 2:1 ratio. After a day, the precipitate is filtered off; the 
filtrate is treated several times with chloroform. The sum of extractive substances obtained after removal of 
chloroform is chromatographed on macroporous silica gel (KSK grade) at a total material — sorbent ratio of 
1:15. The column is eluted first with benzene, then successively with benzene-ether (4:1, 3:2, and 1:1), ether, 
mixture of ether-ethyl acetate (3: 2, 1: 1) and ethyl acetate [8]. 

The following compounds were isolated as a result of chromatographic separation of the chloroform ex-
tract of A. nobilis L.: anobin (3) was isolated from benzene fractions; estafiatin (1) was isolated from ben-
zene-ether (4:1) fractions; hanphyllin (2) was isolated from benzene-ether (1:1) fractions; 3,5-dihydroxy-
6,7,8-trimethoxyflavone (9) was isolated when the column was eluted with a mixture of ether-ethyl acetate 
(1:1) [8, 20]. 

Chromatography of the sum of extractive substances of the chloroform extract of Achillea nobilis L. 
(aerial part, collection in the vicinity of Karaganda, 2016) was obtained on macroporous silica gel (KSK 
grade) with a gradient elution with a mixture of petroleum ether – ethyl acetate (100:0 → 0:100). This sol-
vent mixture is less toxic and less flammable than mixture of benzene-ether. As a result of chromatographic 
separation, compounds (1), (2), (9), and (11) were isolated. Compounds (11) identified based on its spectral 
data [21] as flavonoid 5,3’-dihydroxy-3,6,7,4’-tetramethoxyflavone was isolated from Achillea nobilis L. for 
the first time. The yield of (11) was 0.01 % for air-dry raw materials. 

Method of K.S. Rybalko [22] for the isolation from A. nobilis L. of sesquiterpene lactones 
chrysartemine A (5), canin (6) and anolide (7) included the extraction of A. nobilis L. flower heads and 
leaves by hot water (80–85 °C) for 1 hour, followed by treatment of the aqueous extract with chloroform. 
The syrup-like residue obtained after removal of chloroform was chromatographed on macroporous silica gel 
(KSK grade) at a total material to sorbent ratio of 1:22. Firstly the column was eluted with ether, then with a 
mixture of hexane-ethyl acetate (19:1) [9, 10]. As a result of chromatographic separation of an aqueous ex-
tract [10], sesquiterpene lactones anolide (6) from ether fractions, chrysartemine A (4) and canin (5) from 
hexane-ethyl acetate (19:1) fractions were isolated [9]. 

Isolation of the steroid acetyleucanbine (8) from A. nobilis L. was carried out by three-fold extraction of 
finely ground aerial parts of A. nobilis L, collected during the mass flowering period, with 96 % ethanol at 
room temperature for 3 days and by chromatographic separation of the sum of extractive substances on neu-
tral aluminum oxide (III–IV degree of activity according to Brockmann). Firstly the column was eluted with 
hexane, then with a mixture of hexane-benzene, benzene, a mixture of benzene-chloroform, chloroform and 
a mixture of chloroform-alcohol [11, 23]. As a result of chromatographic separation of the ethanol extract, 
the steroid acetyleucanbin was isolated from hexane fractions (11). 

Kastner et al. [12] carried out the extraction of air-dried flower heads of A. nobilis L. with diethyl ether. 
The resulting extract gave a positive reaction to the peroxides presence in it. After removal of the solvent, the 
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residue was extracted with 50 % methanol and further purified by column chromatography and HPLC. As a 
result, the guaian endoperoxide tanapartin-β-peroxide (7) and the flavonoid aglycone 5-hydroxy-3,6,7,4’-
tetramethoxyflavone (10) were isolated. 

Biological activity of secondary metabolites of Achillea nobilis L. 
Based on the results of biological screenings, the presence of a wide spectrum of biological activity was 

determined both for the sums of extractive substances from A. nobilis L. and for individual compounds 
isolated from them. 

Antimicrobial action of essential oils of A. nobilis subsp. sipylea and A. nobilis subsp. neilreichii 
collected in Turkey was studied on gram-positive and gram-negative bacterial strains as well as on the yeast 
Candida albicans [13, 19]. It was found that samples of A. nobilis L. essential oils significantly inhibit the 
growth of all tested microorganisms, except for Pseudomonas aeruginosa. 

The authors of work [24] found that samples of essential oils from 16 species of Achillea L. have mod-
erate anticholinesterase and antimicrobial effects. At the same time, the essential oil of A. nobilis subsp. 
neilreichii differs in composition from all others. The oils from Achillea nobilis L. exhibited moderate anti-
microbial activities on Fusarium verticillioides (MIC = 0.60 mg/mL) and Fusarium graminearum 
(MIC = 0.60–1.20 mg/mL), respectively [25]. 

Sesquiterpene lactones of the guaian structure estafiatin (1) and anobin (3) have a pronounced antitumor 
activity [20]. A pronounced growth-regulating activity was found for estafiatin (1), while anolide (6) was 
found to have insecticidal activity [8]. Germacranolide hanphyllin (2) effectively inhibits the growth of 
Guerin's carcinoma, alveolar liver cancer and Pliss lymphosarcoma [20]. 

In the work [26], the antioxidant and antimicrobial activities of 15 extracts of A. nobilis L., obtained by 
3 extraction methods (maceration, extraction in a Soxhlet apparatus and using ultrasonic radiation) with the 
use of 5 organic solvents (hexane, chloroform, ethyl acetate, ethanol and 50 % aqueous ethanol) were stud-
ied. Ethanol and ethyl acetate extracts showed a relatively pronounced antioxidant activity, for which a high-
er content of phenolic components was noted. 

The antispasmodic effect of a lyophilized ethanol extract of A. nobilis L. subsp. sipylea (O. Schwarz) 
Bassler in rat duodenum, associated with suppression of calcium influx was established [27]. 

In the work [28], the antinociceptive and anti-inflammatory effects of ethanol extract of A. nobilis 
subsp. neilreichii (Kerner) Formanek flower heads were first studied on mice and rats; its acute toxicity was 
determined. The authors found that the anti-inflammatory effect of the lyophilized extract is manifested at 
doses much lower than LC50 = 4456 mg/kg in mice and is due to the synergistic effect of all its flavonoid 
components and is promising for therapeutic use. 

The authors of the work [29] found that methanol extracts of six studied Achillea L. species demon-
strate antiglycative, antioxidant and antimicrobial potential. At the same time, the A. pachycephalla Rech.f. 
and A. nobilis L. extracts, which are comparatively rich in polyphenolic components, showed a noticeable 
antiglycant ability in the bovine serum albumin (BSA)/methylglyoxal (MG) system. In work [30], a relative-
ly high antioxidant activity of A. nobilis L. extracts grown under drought conditions was established, and it 
was noted that the total content of polyphenolic components in plant extracts growing under these conditions 
is significantly higher. 

Conclusions 

Thus, the analysis of the available literature data and the results of our own studies indicates that 
Achillea nobilis L. is a promising source of various classes of biologically active compounds, the most 
important of which are terpenoids of essential oil, sesquiterpene lactones and flavonoids, which determine 
the pharmacological action of its extracts. The component composition of the essential oil of Achillea 
nobilis L. largely depends on the soil and climatic factors in the places of its growth, the phase of the grow-
ing season, the method of its extraction from plant raw materials, and the extractant used (chloroform, etha-
nol, hot water, diethyl ether). Antibacterial, antimicrobial, antioxidant, antiparasitic activities are characteris-
tic both for the sums of extractive substances from Achillea nobilis L. and for individual compounds isolated 
from them. Therefore, the search for biologically active components and the development of effective 
methods for their isolation from Achillea nobilis L. is relevant for the creation of new drugs with 
antibacterial, antimicrobial, antioxidant, antiparasitic action. 

This research has been funded by the Science Committee of the Ministry of Education and Science of 
the Republic of Kazakhstan (Grant No. AP08052928). 



А.S. Kishkentayeva, S.N. Mantler et al. 

56 Bulletin of the Karaganda University 

References 

1 Сербин А.Г. Химический состав и лечебное применение видов Achillea L. / А.Г. Сербин, Л.С. Кармазова, 
Н.М. Ткаченко // Растительные ресурсы. — 1987. — Т. 23, Вып. 2. — С. 275–286. 

2 Мамедов Э. Применение антигельминтных растений при гельминтозах домашних водоплавающих птиц / 
Э. Мамедов, К. Байрамова // Sciences of Europe. — 2019. — № 38. — С. 63–65. 

3 Коновалов Д.А. Природные азулены / Д.А. Коновалов // Растительные ресурсы. — 1995. — Т. 31, Вып. 1. — С. 101–132. 

4 Ханин М.Л. Фитонцидные свойства экстрактов, извлеченных сжиженным углекислым газом из пряно-вкусового и 
лекарственно-ароматического растительного сырья / М.Л. Ханин, А.Ф. Прокопчук, Т.В. Перова, Л.А. Николаева // Фитон-
циды: экспериментальные исследования, вопросы теории и практики. — Киев: Наук. думка, 1975. — С. 141–143. 

5 French K.E. Plant-Based Solutions to Global Livestock Anthelmintic Resistance / K.E. French // Ethnobiology Letters. — 
2018. — Vol. 9, No. 2. — P. 110–123. DOI: 10.14237/ebl.9.2.2018.980. 

6 Buza V. In vitro anthelmintic activity assessment of six medicinal plant aqueous extracts against donkey strongyles / 
V. Buza, L. Cătană, S.M. Andrei, L.C. Ștefănuț, Ș. Răileanu, M.C. Matei, I. Vlasiuc, M. Cernea // Journal of Helminthology. — 
2020. — Vol. 94. — е147. DOI: 10.1017/s0022149x20000310. 

7 Флора Казахстана / под ред. Н.В. Павлова. — Алма-Ата: Наука, 1966. — 639 с. 

8 Adekenov S.M. A chemical investigation of Achillea nobilis / S.M. Adekenov, M.N. Mukhametzhanov, A.D. Kagarlitskii, 
A.Zh. Turmukhambetov // Chem. Nat. Compd. — 1984. — Vol. 20, No. 5. — P. 568–571. DOI: 10.1007/BF00580067. 

9 Turmukhambetov A.Zh. Chrysartemin A and canin from Achillea nobilis / A.Zh. Turmukhambetov, G.K. Buketova, 
N.M. Gafurov, S.M. Adekenov // Chem. Nat. Compd. — 1999. — Vol. 35, No. 1. — P. 102. DOI: 10.1007/BF02238225. 

10 Trudybekov K.M. Anolide — A new guaianolide from Achillea nobilis / K.M. Trudybekov, A.Zh. Turmukhambetov, 
S.M. Adekenov, Yu.T. Struchkov // Chem. Nat. Compd. — 1994. — Vol. 30, No. 4. — P. 460–463. DOI: 10.1007/BF00630399. 

11 Serkerov S.V. Detection of acetyleucanbin in Achillea nobilis / S.V. Serkerov, S.J. Mustafaeva // Chem. Nat. Compd. — 
2010. — Vol. 46, No. 4. — P. 666. DOI: 10.1007/s10600–010–9709-z. 

12 Kastner U. Guaianolide-endoperoxide and monoterpene-hydroperoxides from Achillea nobilis / U. Kastner, J. Breuer, 
S. Glasl, A. Baumann, W. Robien, J. Jurenitsch, G. Rucker, W. Kubelka // Planta medica. — 1995. — Vol. 61. — P. 83–85. DOI: 
10.1055/s-2006–958010. 

13 Ozdemir F.A. Potential Effects of Essential Oil Compositions on Antibacterial Activities of Achillea nobilis L. subsp. 
neilreichii / F.A. Ozdemir // Journal of Essential Oil-Bearing Plants. — 2019. — Vol. 22, No. 2. — P. 574–580. DOI: 
10.1080/0972060X.2019.1623722. 

14 Palic R. Composition and antibacterial activity of Achillea crithmifolia and Achillea nobilis essential oils / R. Palic, 
G. Stojanovic, T. Naskovic, N. Ranelovic // J. Essent. Oil Res. — 2003. — Vol. 15. — P. 434–437. DOI: 
10.1080/10412905.2003.9698632. 

15 Suleimenov Ye.M. Essential oil composition of three species of Achillea from Kazakhstan / Ye.M. Suleimenov, 
G.A. Atazhanova, T. Ozek, B. Demirci, A.T. Kulyyasov, S.M. Adekenov, K.H.C. Baser // Chem. Nat. Comp. — 2001. — Vol. 37, 
No. 5. — P. 381–384. DOI: 10.1023/A:1014471326724. 

16 Калинкина Г.И. Химический состав эфирных масел некоторых видов тысячелистника флоры Сибири / 
Г.И. Калинкина, А.Д. Дембицкий, Т.П. Березовская // Химия растительного сырья. — 2000. — № 3. — С. 13–18. 

17 Maffei M. Essential oils and chromosome numbers from Italian Achillea species / Maffei M., Chialva F., Codignola A. // 
J. Essent. Oil Res. — 1989. — Vol. 2. — P. 57–64. DOI: 10.1080/10412905.1993.9698171. 

18 Héthelyi E. Phytochemical studies on the essential oils of species belonging to the Achillea genus by gas chromatog-
raphy/mass spectrometry / E. Héthelyi, B. Dános, P. Tétényi // Biomedical & Environmental Mass Spectrometry. — 1989. — 
Vol. 18. — P. 629–636. DOI: 10.1002/bms.1200180821. 

19 Karamenderes C. Composition and antimicrobial activity of the essential oils of Achillea nobilis L. subsp. sipylea and subsp. 
neilreichii / C. Karamenderes, N.U. Karabay-Yavasoglu, U. Zeybek // Chem. Nat. Comp. — 2007. — Vol. 43, No. 5. — P. 632–634. 
DOI: 10.1007/s10600–007–0213-z. 

20 Адекенов С.М. Сесквитерпеновые лактоны растений Казахстана. Строение, свойства и применение: дис. … д-ра хим. 
наук: 02.00.10 — «Биоорганическая химия» / Адекенов Сергазы Мынжасарович. — М., 1992. — 385 с. 

21 Han X. Isolation of high-purity casticin from Artemisia annua L. by high-speed counter-current chromatography / X. Han, 
X. Ma, T. Zhang, Y. Zhang, Q. Liu, Y. Ito // Journal of chromatography. — 2007. — Vol. 1151. — P. 180–182. DOI: 
10.1016/j.chroma.2007.02.105. 

22 Рыбалко К.С. Природные сесквитерпеновые лактоны / К.С. Рыбалко. — М.: Медицина, 1978. — 320 с. 

23 Серкеров С.В. Новый компонент Achillea filipendulina Lam. / С.В. Серкеров, С.Дж. Мустафаева // Химия раститель-
ного сырья. — 2009. — № 2. — С. 101–103. 

24 Yener I. A detailed biological and chemical investigation of 16 Achillea species’ essential oils via chemometric approach / 
I. Yener, M.A. Yilmaz, O.T. Olmez, M. Akdeniz, F. Tekin, N. Hasimi, … Ertas A.// Chemistry & Biodiversity. — 2020. — Vol. 17, 
No. 3. — e1900484. DOI: 10.1002/cbdv.201900484. 

25 Sampietro D.A. Chemical composition and antifungal activity of essential oils from medicinal plants of Kazakhstan / 
D.A. Sampietro, A. de los A. Gomez, C.M. Jimenez, E.F. Lizarraga, Z.A. Ibatayev, Y.M. Suleimen, C.A. Catalán // Natural Product 
Research. — 2016. — Vol. 31, No. 12. — P. 1464–1467. DOI: 10.1080/14786419.2016.1258560. 



Biologically active substances from Achillea nobilis L. 

CHEMISTRY Series. No. 4(100)/2020 57 

26 Taşkın D. Phenolic composition and biological properties of Achillea nobilis L. subsp. neilreichii (Kerner) Formanek, / 
D. Taşkın, T. Taşkın, E. Rayaman // Industrial Crops & Products. — 2018. — Vol. 111. — P. 555–562. DOI: 
10.1016/j.indcrop.2017.11.022. 

27 Karamenderes C. Antispasmodic effect of Achillea nobilis L. subsp. sipylea (O. Schwarz) Bassler on the rat isolated duode-
num / C. Karamenderes, S. Apaydin // Journal of Ethnopharmacology. — 2003. — Vol. 84. — P. 175–179. DOI: 10.1016/s0378-
8741(02)00296-9. 

28 Karabay-Yavasoglu N.U. Antinociceptive and anti-inflammatory activities and acute toxicity of Achillea nobilis subsp. 
neilreichii extract in mice and rats / N.U. Karabay-Yavasoglu, C. Karamenderes, S. Baykan, S. Apaydin // Pharmaceutical Biology. 
— 2007. — Vol. 45, No. 2. — P. 162–168. DOI: 10.1155/2015/972827. 

29 Afshari M. Variation in polyphenolic profiles, antioxidant and antimicrobial activity of different Achillea species as natural 
sources of antiglycative compounds / M. Afshari, M. Rahimmalek, M. Miroliaei // Chemistry & Biodiversity. — 2018. — Vol. 15, 
No. 8. — e1800075. DOI: 10.1002/cbdv.201800075. 

30 Gharibi S. Effect of drought stress on total phenolic, lipid peroxidation, and antioxidant activity of Achillea species / 
S. Gharibi, B.E.S. Tabatabaei, G. Saeidi, S.A.H. Goli // Applied Biochemistry and Biotechnology. — 2015. — Vol. 178, No. 4. — 
P. 796–809. DOI: 10.1007/s12010-015-1909-3. 

 
 

А.С. Кішкентаева, С.Н. Мантлер, M.M. Жақанов, С.M. Əдекенов 

Achillea nobilis L. биологиялық белсенді заттары 

Шолу мақалада кербез мыңжапырақтың (Achillea nobilis L.) биологиялық белсенді қосылыстары жəне 
оларды бөліп алу əдістері туралы мəліметтер жалпыланған. Əр түрлі өсу орындарында жиналған 
Achillea nobilis L. өсімдігінен негізгі компоненттері монотерпенді қосылыстар болып табылатын эфир 
майы; сесквитерпенді лактондар: эстафиатин, ханфиллин, анобин, хризартемин А, канин, анолид пен 
танапартин-β-пероксид; ацетилэуканбин стероиды; флавоноидтар: 3,5-дигидрокси-6,7,8-триметокси-
флавон, 5-гидрокси-3,6,7,4’-тетраметоксифлавон, 5,3’-дигидрокси-3,6,7,4’-тетраметоксифлавон бөліп 
алынған. Кербез мыңжапырақ эфир майының компоненттік құрамы көбінесе оның өсу орындарын-
дағы топырақ-климаттық факторларға, вегетациялық кезеңнің фазасына жəне оны өсімдік шикізаты-
нан шығарып алу тəсіліне байланысты, ал сесквитерпенді лактондарды бөліп алуға қолданылатын 
экстрагент (хлороформ, этанол, ыстық су, диэтил эфирі) айтарлықтай əсер ететіні анықталды. 
Бактерияға, микробқа қарсы, антиоксидантты, паразитке қарсы белсенділік Achillea nobilis L. 
сығынды заттарының сомасына жəне олардан бөліп алынған жеке қосылыстарға да тəн. Жаңа дəрілік 
препараттардың субстанцияларын жасау үшін кербез мыңжапырақтан биологиялық белсенді заттарды 
бөліп алу əдістері сипатталған. Бұл жұмыстың негізгі мақсаты — Achillea nobilis L. фитохимиялық 
зерттеу нəтижелерін салыстырмалы талдау. 

Кілт сөздер: Asteraceae, Achillea nobilis L., сесквитерпенді лактондар, эфир майы, флавоноидтар, 
бөліп алу əдістері, биологиялық белсенділік. 

 
А.С. Кишкентаева, С.Н. Мантлер, М.М. Жаканов, С.М. Адекенов 

Биологически активные вещества Achillea nobilis L. 

В обзорной статье обобщены данные о биологически активных соединениях тысячелистника благо-
родного (Achillea nobilis L.) и методах их выделения. Из Achillea nobilis L., собранного в разных мес-
тах произрастания, выделено эфирное масло, основными компонентами которого являются монотер-
пеновые соединения; сесквитерпеновые лактоны: эстафиатин, ханфиллин, анобин, хризартемин А, ка-
нин, анолид и танапартин-β-пероксид; стероид ацетилэуканбин; флавоноиды: 3,5-дигидрокси-6,7,8-
триметоксифлавон, 5-гидрокси-3,6,7,4’-тетраметоксифлавон, 5,3’-дигидрокси-3,6,7,4’-тетраметокси-
флавон. Определено, что компонентный состав эфирного масла тысячелистника благородного во мно-
гом зависит от почвенно-климатических факторов в местах его произрастания, фазы вегетационного 
периода и способа его извлечения из растительного сырья, а на выделение сесквитерпеновых лакто-
нов значительное влияние оказывает используемый экстрагент (хлороформ, этанол, горячая вода, ди-
этиловый эфир). Антибактериальная, противомикробная, антиоксидантная, противопаразитарная ак-
тивность характерна как для сумм экстрактивных веществ из Achillea nobilis L., так и для выделенных 
из них индивидуальных соединений. Описаны методы выделения биологически активных веществ из 
тысячелистника благородного для разработки субстанций новых лекарственных препаратов. Основ-
ная цель данной работы — сравнительный анализ имеющихся результатов исследований по фитохи-
мическому изучению Achillea nobilis L. 

Ключевые слова: Asteraceae, Achillea nobilis L., сесквитерпеновые лактоны, эфирное масло, флавонои-
ды, методы выделения, биологическая активность. 
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Study of the biologically active acyclic ureas by nuclear magnetic resonance 

A wide variety of acyclic ureas comprising alkyl, arylalkyl, acyl, and aryl functional groups are investigated 
by nuclear magnetic resonance spectroscopy. In general, spectral characteristics of more than 130 substances 
based on acyclic ureas dissolved in deuterated dimethyl sulfoxide at room temperature are studied. The re-
sults obtained based on the studies of 1H and 13C NMR spectra of urea and its N-alkyl-, N-arylalkyl-, N-aryl- 
and 1,3-diaryl derivatives are presented, and the effect of these functional groups on the chemical shifts in 
carbonyl and amide moieties in acyclic urea derivatives is discussed. An introduction of any type of substitu-
ent (electron-withdrawing or electron-donating) into urea molecule is stated to result in a strong upfield shift 
in 13C NMR spectra relatively to unsubstituted urea. A strong sensitivity of NH protons to the presence of 
acyl and aryl groups in nuclear magnetic resonance spectra is pointed out. In some cases, qualitative depend-
encies between the chemical shifts in the NMR spectra and the structure of the studied acyclic ureas are re-
vealed. A summary of the results on chemical shifts in the NMR spectra of the investigated substances allows 
determining the ranges of chemical shift variations of the key protons and carbon atoms in acyclic ureas. The 
literature describing the synthesis procedures are provided. The results obtained significantly expand the 
methods of reliable identification of biologically active acyclic ureas and their metabolites that makes it 
promising to use NMR spectroscopy both in biochemistry and in clinical practice. 

Keywords: urea, alkylurea, arylurea, acylurea, diarylurea, urea fragment, amide group, NMR spectroscopy, 
chemical shift. 

 

Introduction 

Urea is the most important nitrogen metabolism product, the final amino acids exchange product. Urea 
is synthesized from ammonia, which is constantly formed in the body during the oxidative and non-oxidative 
amino acids deamination, in the hydrolysis of amides of glutamic and aspartic acids, as well as in the de-
composition of purine and pyrimidine nucleotides [1]. It is well known that urea (carbamide) I is a product of 
nitrogen compounds metabolism in the mammals [2, 3], but, at the same time, there is literature evidences of 
an independent biological role of urea [4–6]. Targeted research in the field of urea chemistry made it possi-
ble to create many biologically active and medicinal products of the acyclic and heterocyclic structures that 
contain a urea fragment in their structure [7–11]. To better understand and explain some physical-chemical 
processes occurring with the participation of urea I, the latter is often represented in the form of Ia and Ib 
resonance structures. 

It is believed that the given examples of resonance structures Ia and Ib plausibly explain the urea behav-
ior features in spectral studies and in the urea interaction with a probable biological object. 

Spectral methods to study the biologically active substances (including drugs) have been long and suc-
cessfully used both for identification and establishing of the action mechanism. Spectral analysis methods are 
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especially useful to reveal the structure and determine the metabolites composition. In the light of the forego-
ing, in recent years, the NMR spectroscopy is gaining strength for the biologically active compounds and 
drugs study. 
 

 

Figure 1. Urea resonance structures 

The NMR studies of urea and its derivatives on 1H, 13C, 15N nuclei are presented in literature [14–17]. 
Most published works address narrow specialized issues: the formation of intra- and intermolecular bonds, 
the establishment of rotation barriers, etc., or vice versa, NMR spectra are used only to confirm the synthe-
sized compound structure. Thus, a targeted and systematic analysis of the 1H and 13C NMR spectra of acyclic 
urea was practically not carried out, except for the certain compounds. 

In the present work, we analyzed the synthesized acyclic urea large array NMR spectral data. 

Experimental 

The 1H and 13C NMR spectra were recorded on a spectrometer "Bruker AVANCE III HD" (The Bruker 
Corporation, Germany), with 400 and 100 MHz operating frequencies, respectively, in DMSO and DMSO-d6 
solutions. Chemical shifts are given in the δ-scale relative to the tetramethylsilane (TMS) as an internal 
standard. The spectra were obtained in full decoupling mode from protons. The concentration of compounds 
was 0.5 % for 1H NMR and 10 % for 13C NMR, and the substances were synthesized and purified by known 
methods [18]. 

Results and Discussion 

N-Alkyl- and N-arylalkylureas. The arylalkyl group is an independent pharmacophore fragment of 
many drugs and endogenous substrates [19]. On the other hand, urea is known as a well-established class of 
biologically active compounds [20–23]. The simultaneous presence of arylalkyl and urea groups in the com-
pounds, as a rule, causes an increase in biological activity of the compounds studied. 

To qualitatively assess the CS changes of NH protons and carbonyl carbon of N-monosubstituted urea 
derivatives, the 1H and 13C NMR spectra of compounds 1–35, shown in Figure 2, were recorded and inter-
preted. 
 

RNHCONH2 

1–4, 15–16 
 

R = H (1); R = CH3 (2); 
R = i-C3H7 (3); R = i-C4H9 (4); 

R = CH2Ph (15); R = Ph(CH2)2 (16); 
 

PhCH(R)NHCONH2 

17–28 
 

R = CH3 (17); R = C2H5 (18); R = C3H7 (19); R = i-C3H7 
(20); R = C4H9 (21); R = i-C4H9 (22); R = PhCH2 (23); 

R = PhCH2CH2 (24); R = (Ph)2CH-CH2 (25);  
4-C6H5-C6H4CH(CH3)NHCONH2 (26);  
4-CH3-C6H4CH(CH3) NHCONH2 (27); 

PhCH2CH(C2H5)NHCONH2 (28); 

(R, R1)CHNHCONH2 

5–14, 29–35 
 

R = R1= CH3 (5); R = R1= C2H5 (6); 
R = R1 = C3H7 (7); R = R1 = i-C3H7 (8); 
R = R1 = C4H9 (9); R = R1 = C6H13 (10); 

R = CH3, R1 = C4H9 (11); R = CH3, R1 = C6H13 (12);  
R = CH3, R1 = С(C3H9) (13); 
R = CH3, R1 = i-C3H7 (14); 

R = PhCH2, R1 = CH3 (29); R = Ph, R1 = i-C4H9 (30);  
R = Н, R1 = PhCH2 (31); R = Н, R1 = Ph (32); 

R = R1= Ph (33); R = R1= PhCH2 (34);  
(PhCH2)NCONH2 (35); 

Figure 2. N-Alkyl- and N-arylalkylureas 

Based on the obtained experimental data, it can be noted that, when any R and R1 substituent is intro-
duced into the urea 1 molecule, the carbonyl carbon atom becomes screened regardless of the substituent na-
ture. 
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Given the positive alkyl substituent inductive effect on the urea nitrogen atom, one could expect screen-
ing of the nitrogen atom and the NH proton signal, and, therefore, the displacement of its CS in the strong 
field region. However, as it turned out, the experimental data are not simple. Thus, if in the case of a methyl 
group (compound 2), the NH proton is de-screened, then the isopropyl radical (compound 3) shields it (Ta-
ble 1). Moreover, in the spectrum for compound 4 containing the isobutyl group, the amide proton is de-
screened again. Therefore, the CS of NH protons is affected not only by the substituent electronic effects. 
The substitution of one of the NH protons in urea 1 featuring a group with a positive inductive effect leads to 
an increase in the bond order in the RNH–C(O) fragment compared to the unsubstituted NH2–C(O) fragment. 
This is explainable in terms of the monosubstituted urea A resonance structure significant contribution to the 
molecule general hybrid due to the stabilization by the electron-donating substituent. 

However, despite the fact that the alkyl group inductive effect favors the formation of structure A, it is 
unlikely to act exactly the same for the corresponding resonance structures B and C, in which the proton is 
cleaved from the Alk-NH fragment (Fig. 3). 
 

 

Figure 3. N-alkylurea resonance structures 

Secondly, the methyl group steric effect is possible which makes the NH proton less accessible for 
cleavage (and substitution) with a base than the NH2 group. Thus, the NH proton de-shielding by the methyl 
group can be interpreted as a result of a weak inductive effect and a small steric effect of this substituent. The 
isopropyl radical has a stronger inductive effect, and the branching in the form of methyl groups "shields" the 
amide proton from the solvent molecules. While moving from the reaction center, the electronic effect of the 
substituent on this center decreases. Thus, the inductive effect of the two CH3 groups of the isobutyl radical 
has almost no effect on the nitrogen atom due to the large distance (through 3 bonds). This distance should 
also be considered by revising the steric factor. The greater distance between the methyl groups and NH pro-
tons (compared with the CH3 groups of N-isopropylurea 3) does not allow them to effectively "shield" the 
amide proton from the hydrogen bonds formation, due to which the proton signal is shifted to the low-field 
region. 

Interestingly, the CS of NHI proton for N-isobutyl- and N-β-phenylethylureas (compounds 4 and 31, re-
spectively) coincide, which once again confirms the assumption that the electronic effects are insignificant 
through several bonds for the compounds studied. 

T a b l e  1  

Urea 1 and its N-alkyl derivatives 2–14 1H and 13C chemical shifts 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
CH CO CH NH, d NH2, s 

1 – 161.47 – 5.93 5.93 
2 – 160.74 – 6.06 5.75 
3 – 158.88 – 5.90 5.46 
4 – 159.78 – 6.12 5.67 
5 41.18 158.88 3,61 5.38 5.90 
6 51.48 158.89 3.54 6.00 5.56 
7 47.97 158.67 3.69 5.90 5.47 
8 49.46 158.52 – – – 
9 48.49 158.61 3.70 5.90 5.47 

10 48.50 158.67 3.70 5.89 5.45 
11 44.61 158.37 3.76 5.94 5.56 
12 44.69 158.45 3.81 6.02 5.52 
13 52.73 159.05 3.74 5.76 5.34 
14 – – 3.70 6.00 5.52 
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T a b l e  2  

Urea 15–35 N-arylalkyl derivatives 1H and 13C chemical shifts 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
CH C=O CH NH NH2 

15 43.04 159.12 4.41 6.79 5.86 
16 38.13 158.97 3.19 6.36 5.87 
17 48.57 158.15 4.94 6.47 5.68 
18 54.62 158.37 4.72 6.66 5.65 
19 52.75 158.22 4.82 6.68 5.68 
20 58.58 158.45 4.67 6.71 5.71 
21 53.12 158.30 4.79 6.67 5.66 
22 51.33 158.32 4.89 6.69 5.70 
23 54.77 158.07 5.12 6.81 5.71 
24 52.83 158.37 4.88 6.82 5.72 
25 51.56 158.15 4.55 6.87 5.63 
26 48.04 157.62 4.99 6.74 5.69 
27 48.27 158.07 4.90 6.62 5.70 
28 51.70 158.52 3.84 6.00 5.55 
29 46.69 158.91 3.79 5.88 5.42 
30 – 158.79 – 6.54 5.55 
31 – 159.50 – 6.12 5.68 
32 – 159.47 – 6.56 5.72 
33 56.45 157.52 6.12 7.23 5.84 
34 52.39 158.35 4.12 6.08 5.58 
35 – 158.89 – – 5.83 

 
The urea 1–35 NMR spectra analysis shows that significant changes in the structures of the substituted 

N-alkyl-2–14 and N-arylalkylureas 15–35 are reflected to a greater extent in the δ (CO) CS in the 13C spectra 
of N-alkyl substituted ureas than N-arylalkylureas. The total range of changes in δ (CO) CS in these com-
pounds is 3.22 ppm, and when compared with urea 1 itself, a noticeable strong field shift up to 4 ppm is ob-
served. The carbonyl atom greatest screening can be seen in arylalkylurea 33, which is apparently due to the 
action of spatial factors. Despite this, the difference between the most and the least shielded carbon atoms in 
N-alkyl substituted ureas is δ (CO) 2.37 ppm, in arylalkyl-substituted ureas this signal is Δδ (CO) 1.98 ppm. 

The analysis of CS values for methine carbon atom (CH) in the 13C spectra of ureas 2–35 indicates its 
higher sensitivity to structural variations compared to the carbonyl carbon atom. As can be seen from the 
data given in tables 1 and 2, the difference between the most and the least shielded CH- carbon signals for 
alkyl ureas 5–13 is Δδ = 11.55 ppm, and for arylalkylureas 15–35 the value is Δδ = 20.45 ppm. In the series 
of compounds 5–13, there is a tendency towards a strong-field shift of δ (CH) groups as the substituent vol-
ume R(R1) increases, with the exception of compound 13 featuring the most unscreened signal. Among the 
N-arylalkyl-substituted compounds 15–35, the CH carbon is screened in the highest extent in the case of 
compound 16, which is most likely due to the spatial influence of a more branched alkyl radical and phenyl 
core on the methine carbon atom. 

The comparison of CSs δ (NH2) in the 1H NMR spectra of urea 1 and its derivatives 2–35 shows that 
the signal of these protons in alkyl derivatives 2–14 is screened to a greater extent (up to 0.56 ppm) than in 
compounds 15–35 (up to 0.45 ppm). The analysis of CS values of NH- and CH-protons of compounds 2–35 
shows that for alkylureas 2–14, the CS change of these protons is less pronounced (∆δ (NH) = 0.74 ppm, ∆δ 
(CH) = 0.27 ppm), than for arylalkylureas 15–35 (∆δ (NH) = 1.35 ppm, ∆δ (CH) = 2.93 ppm). At the same 
time, it can be observed that for N-arylalkyl compounds 15–35, the CS protons of CH and NH are shifted to 
weak fields by ca. 1 ppm as compared with the CS protons in CH and NH groups of N-alkylurea. This phe-
nomenon can be explained by the anisotropic effect of the nearby phenyl ring. 

N,Nꞌ-Benzhydrylureas. Benzhydrylureas are low toxic substances and are characterized by a wide 
physiological activity range, e.g., anticonvulsant [20, 21], antihypoxic [22], enzyme-inducing effects on cy-
tochrome-P-450, a dependent liver monooxygenase system [21]. In this part of the article, we present the 1H 
and 13C NMR spectra of studied N-benzhydrylureas 36–70 showed in Figure 4. Table 3 shows the chemical 
shifts of N-benzhydrylureas 36–70 in the 1H and 13C NMR spectra. 
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36–70 

 
R = R1 = H (36); R = H, R1 =4-F (37); 
R = H, R1 = 4-Cl (38); R = H, R 1= 4-Br (39); 
R = H, R1 = 4-NO2 (40); R = H, R1 = 4-CH3O (41); 
R = H, R1 = 3-F (42); R = H, R1 = 3-Cl (43); 
R = H, R1 = 3-Br (44); R = H, R1 = 3-I (45); 
R = H, R1 = 2-F (46); R = H, R1 = 2-Cl (47); 
R=H, R1=2-Br (48); R = H, R1 = 2-I (49); 
R = H, R1 = 2-CH3 (50); R = 4-CH3, R1 = 3-F (51); 
R = 4-CH3, R1 = 3-CH3 (52);  
R = 4-CH3, R1 = 2-CH3 (53); 

R = 4-Cl, R1 = 3-Cl (54); R = 4-Cl, R1 = 2-Cl (55);  
R = R1 = 3,8-Cl (56); R = R1 = 2,8-Cl (57); 
R = R1 = 3-Br (58); R = H, R1 = 3-CH3 (59); 
R = H, R1 = 4-CH3 (60); R = H, R1 = 2,5-Cl (61); 
R = H, R1 = 4-OH (62); R = H, R1 = 3-F, 4-CH3 (63); 
R = H, R1 = 3,4-CH3 (64); R = H, R1 = 3-NO2 (65); 
R = H, R1 = 4-N (66); R = H, R1 = α-нафтилметил (67);  
R = 4-Cl, R1 = бензофурил (68); 
R = 4-F, R1 = бензофурил (69); 
R = 4-Cl, R1 = 4-Cl (70). 

Figure 4. N-Benzhydrylurea 

T a b l e  3  
1H and 13C chemical shifts for N-benzhydrylureas 36–70 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
СН С=О СН, m NH, d NH2, s 

36 56.45 157.52 6.12 7.23 5.84 
37 55.86 157.44 6.15 7.26 5.85 
38 55.78 157.52 6.15 7.27 5.83 
39 56.17 158.21 6.13 7.30 5.86 
40 56.01 157.83 6.07 7.12 5.78 
41 55.85 157.59 6.06 7.06 5.80 
42 56.26 156.39 5.99 7.10 5.74 
43 56.57 158.01 6.17 7.30 5.85 
44 55.86 157.61 6.00 7.05 5.76 
45 56.23 157.77 6.41 7.27 5.92 
46 51.08 159.83 6.46 7.29 5.88 
47 53.91 157.44 6.46 7.25 5.85 
48 56.01 157.29 6.40 7.25 5.83 
49 59.74 157.22 6.29 7.25 5.84 
50 53.24 157.52 6.26 7.06 5.75 
51 56.01 157.57 6.04 7.01 5.80 
52 55.71 157.59 6.05 7.26 5.80 
53 55.93 157.59 6.11 7.22 5.87 
54 56.30 157.67 6.05 7.16 5.80 
55 53.02 157.52 6.25 7.02 5.77 
56 55.63 157.44 6.01 7.28 5.76 
57 53.24 157.87 6.43 7.41 5.85 
58 55.71 157.44 6.18 7.38 5.89 
59 56.97 158.34 5.86 7.04 5.63 
60 57.06 158.66 5.99 7.14 5.82 
61 54.62 157.96 6.13 7.08 5.67 
62 56.63 162.80 5.77 6.86 5.56 
63 56.63 158.44 5.93 7.03 5.73 
64 57.05 158.56 5.92 7.03 5.75 
65 56.76 158.27 6.05 7.22 5.70 
66 56.64 158.35 5.91 7.14 5.72 
67 53.79 158.14 6.65 7.02 5.62 
68 51.29 158.53 6.15 7.20 5.79 
69 51.20 158.91 6.12 7.20 5.76 
70 56.49 158.42 5.95 7.15 5.76 
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At first, we note the difference between the most and least shielded δCH and δCO signals in N-benz-
hydrylureas 36–70: ΔCH=8.66 ppm, ΔCO=6.41 ppm. In this part of the work, we established the methine 
carbon atom screening effect relatively to the unsubstituted benzhydrylurea 36 by the substituent in the or-
tho-position (benzhydrylurea 46–50, 55, 57). Noteworthy is the weakening of the CH groups screening effect 
with increasing substituent volume in the ortho position of benzhydrylureas, and for the most "bulky" sub-
stituent, i.e., iodine (compound 49), the δCH signal is even shifted to the weak fields area. We emphasize 
that the chlorine atom and the methyl group characterized by the same steric constants located in the ortho 
position cause the same CH-carbon CS. 

In the 1H NMR spectra of the N-benzhydrylureas 36–70 (Table 3), the CS of methine protons are in the 
range of 5.77–6.65 ppm, and it can be seen that for ortho-halogen derivatives 46–50, 57 (but not for ortho-
methyl derivatives) and compound 67, these protons are the most unscreened. The difference between  
the signals of most and the least shielded NH protons (ΔNH = 0.52 ppm) and the NH2 protons CS  
(ΔNH2 = 0.36 ppm) are less pronounced, despite the type of mono- or disubstitution in the aryl fragment of 
N-benzhydrylureas 36–70. 

Acylureas. N-Arylalkyl-N-acylureas are known as biologically active compounds of various actions 
[20–22], and some representatives of these compounds have found application in clinical practice [19]. It is 
also important that the arylalkylureid fragment is a key component of the heterocycles of the barbituric, 
hydantoin, and quinazolinedione series, which are effective physiologically active substances of the most 
diverse actions [1–6, 24]. 

In this part of the work, we studied the effect on CS in the 1H and 13C NMR spectra of substituted 
N-alkyl(arylalkyl)-Nꞌ-acylureas 71–99 on a changes in structural parameters in the urea, amide, alkyl, and 
molecules acyl fragments presented in Figure 5: 
 

RNHICONHIICOR1 

71–82 
 

R = Н, R1 = CН3 (71); R = i-C5Н11, R1 = i-C4Н9 (72); 
R = i-C5Н11, R1 = C2Н5 (73); 

R = i-C3Н7, R1 = CН2-C6Н5 (74); 
R = i-C5Н11, R1 = C6Н5 (75); 

R = i-C5Н11, R1 = CH(C6Н5)2 (76); 
R = i-C3Н7, R1 = C6Н5 (77); 

R = i-C5Н11, R1 = CН2-C6Н5 (78); 
R = i-C5Н11, R1 = C3Н7 (79); 
R = i-C5Н11, R1 = CН3 (80); 

R = i-C5Н11, R1 = н-C4Н9 (81); 
R = i-C3Н7, R1 = C2Н5 (82); 

 
 

PhCH(R)NHICONHIICOR1 
83–95 

 
R = H, R1

 = i-C3H7 (83); R = R1 = CH3 (84); 
R = CH3, R1

 = C2H5 (85); R = CH3, R1
 = C3H7 (86); 

R = CH3, R1
 = C4H9 (87); R = CH3, R1

 = Ph (88); 
R = CH3, R1

 = PhCH2 (89); R = Ph, R1
 = CH3 (90); 

R = Ph, R1
 = CF3 (91); R = 3-Cl-C6H4, R1

 = CF3 (92);  
R = C3H7, R1

 = 3-Cl-Ph (93); R = C4H9, R1
 = PhCH2 (94); 

R = CH3, R1
 = 4-F-Ph (95); 

 
PhCH2CH(R)NHICONHIICOR1 

96–99 
 

R = CH3, R1
 = C2H5 (96); R=CH3, R1=i-C4H9 (97); 

R = CH3, R1
 = i-C3H7 (98); R=PhCH2, R1=C2H5 (99). 

Figure 5. N-Alkyl (arylalkyl)-Nꞌ-acyl substituted urea 

Chemical shifts in the 1H and 13C NMR spectra of N,Nꞌ-acylurea 71–99 are presented in Tables 4 and 5. 

T a b l e  4  
1H and 13C chemical shifts for N-alkyl-Nꞌ-acylureas 71–82 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
COR1 С=О NHI NHII 

1 2 3 4 5 

71 172.62 154.43 
7.19 
7.74 

10.15 

72 174.81 153.75 8.38 10.25 
73 176.16 153.76 8.34 10.24 
74 173.50 152.88 8.19 10.56 
75 168.70 153.97 8.68 10.70 
76 173.93 153.56 8.30 10.77 
77 168.83 153.22 8.61 10.70 
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C o n t i n u a t i o n  o f  T a b l e  4  
1 2 3 4 5 

78 173.33 153.73 8.30 10.59 
79 175.38 153.74 8.34 10.24 
80 172.70 153.67 8.31 10.28 
81 175.53 153.75 8.34 10.24 
82 176.14 153.00 8.26 10.19 

 

T a b l e  5  

Chemical shifts in the 1H and 13C NMR spectra for N-arylalkyl-N’-acylureas 83–29 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
CONH CH COR NHI, d NHII, s CH, t 

83 153.59 – 174.58 9.04 10.53 - 
84 152.54 48.64 172.79 8.94 10.54 5.10 
85 152.62 48.67 176.14 9,00 10.51 5.11 
86 152.54 48.64 175.48 9,01 10.51 5.10 
87 152.50 48.62 175.49 8.43 10.28 3.99–4.06 
88 153.21 49.17 169.44 9.29 10.81 5.19 
89 152.52 48.87 173.46 8.90 10.82 5.09 
90 153.23 57.04 173.65 9.50 10.77 6.23, 6.31 
91 151.58 58.16 – 8.73 11.73 6.10, 6.16 
92 149.94 55.74 – 8.75 10.80 6.05, 6.12 
93 153.21 55.36 167.75 9.06 10.92 4.79 k 
94 153.46 53.39 173.56 8.12 10.52 3.72–3.64 
95 153.11 49.38 167.93 9.06 10.83 4.98 
96 153.13 46.87 176.25 8.36 10.25 3.97–4.04 
97 153.10 46.90 174.97 8.41 10.25 3.96–4.03 
98 153.34 46.94 179.41 8.42 10.28 3.99–4.04 
99 153.36 52.53 176.20 8.42 10.19 4.27 m 

 
We found that the introduction of additional phenyl core to the one of the reaction centers (to 

CH-carbon, compound 91) compared with other compounds leads to some screening of the amide carbonyl 
group but at the same time causes a significant weak field shift (by 11.29 ppm) of the methine carbon atom 
signal (compound 90, 91). In our previous works [25, 26], we reported that the introduction of substituents 
into the ortho position of diphenylmethyl system causes progressive de-screening of CH-carbon with an in-
crease in the substituents volume at the nitrogen atom in the diphenylmethyl fragment of the studied com-
pounds. As can be seen from the table 5, the diphenylmethyl system formation (compounds 90–92) leads to a 
sharp weak-field shift of the CH-carbon relative to CH CS of compounds 84–89, 93–99. A comparative 
analysis of the CS CH carbon atom of N-diphenylmethylamides (according to [19]), N-diphenylmethylureas 
(according to [25]), and N-diphenylmethylureides 90–92 established that the CH-carbon signals of com-
pounds 90–92 are more unscreened than those of the precursors. The established fact of the highest 
CH-carbon of N-diphenylmethylureids 90–92 de-screening in the compared series of compounds is obvious-
ly related mainly to the spatial factor, i.e., with an increase in the substituent size in the molecules of 
diphenylmethyl group (the ureide group is significantly larger than the amide [19] or the urea [25] ones). 

In addition, it can be noted that due to its powerful electron-withdrawing effect the N'-trifluoroacetyl 
group (compounds 91, 92) has a greater diamagnetic effect on the amide carbonyl carbon atom than the alkyl 
acyl and alkylaryl acyl R1 radicals. Summing up the influence of acyl groups, it can be noted that the acyl 
radicals cause a strong field displacement of the amide carbonyl group of the starting N-arylalkylureas [26, 
27] and N-alkyl-Nꞌ-acylureas 71–82. The difference between the most and the least carbonyl atom screened 
signals in the 13C spectra of acylureas 71–99 is δ = 4.49 ppm. The most shielded CS of the atom in com-
pounds 71–99 can be observed in N-diphenylmethylurea 92. 

In the 1H NMR spectra of acylureas 71–99, the acyl groups, being electron acceptors, cause regular 
weak-field shifts of the amide proton signals for compounds 71–99 and the methine proton for compounds 
83–99 compared to the CS of similar protons in the initial N-aryalkylureas [26]. The difference between the 
most and the least shielded CH-carbon signals for compounds 83–99 is δ = 2.59 ppm, and for NНI and NНII 
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groups (compounds 71–99), 2.03 ppm and 1.58 ppm, respectively. The CH proton chemical shifts in the 
spectra of 1H acylureas 83–99 are more screened than the signals of these protons in N-diphenylmethylureids 
20–22. We noticed that the most de-shielded NНII protons group signals belong to these compounds 90–92, 
which is connected, as mentioned before, with the diphenylmethyl system formation on the one hand and the 
trifluoroacetyl group effect on the other. 

Urea aryl derivatives. It is well known that the electron-withdrawing substituent decreases the bond 
length in the RC-N fragment, and the substituent that is able to pair with the carbonyl group π-system in-
creases it due to the resonance effects. 

The N-phenylurea resonance structures are as follows: the carbonyl group to a large extent gathers the 
electron density from the unsubstituted nitrogen atom, since the lone electron pair of the NI atom is delocal-
ized in the benzene ring π system. This is also evidenced by the large de-screening of the NH2 group. How-
ever, the anisotropic and steric influence of the aromatic fragment mainly contributes to the carbonyl carbon 
screening. 
 

 

Figure 6. Electron density distribution in N-Phenylureas 

The way how the direct conjugation affects the system CS can be judged by comparing the CSs in 
N-phenylurea with the data obtained for the remaining compounds in which the alkyl and alkylacyl radicals 
are present as substituents. Below we present a qualitative analysis of 1H and 13С NMR spectra of aryl deriv-
atives of urea 100–107 (Fig. 7). 
 

PhNHICONII(R, R1) 

100–107 
 

R=R1=H (100); R=H, R1=C2H5 (101); R=R1=CH3 (102); R=R1=C2H5 (103); R=H, R1=COCH3 (104);  
R=H, R1=COCH2Cl (105); R=H, R1=COCF3 (106); CH3CH2OC6H4NHCONH2 (107) 

Figure 7. Urea aryl derivatives 

Table 6 presents the chemical shifts in the 1H and 13С NMR spectra of compounds 100–107. 

T a b l e  6  

Arylureas 1–8 chemical shifts in the 1H and 13С NMR 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
С=О NHI NНII (NH2) 

100 156.35 8.77 6.15 
101 153.59 9.81 8.87 
102 153.22 9.75 – 
103 153.74 9.79 – 
104 150.90 10.77 10.89 
105 150.38 10.42 11.15 
106 148.66 10.04 12.07 
107 156.85 8.34 5.79 

 
As can be seen from the table 6, under the influence of all substituents (except for compound 8), the 

carbonyl atom CS in the 13C spectrum is shifted to a strong field relative to phenylurea 100 itself. You can 
also notice that under the influence of the electron-donating properties of alkyl substituents, the signal is 
shifted to 3 ppm (101–103), and with an acetyl substituent, even more shields up to 6 ppm. But the N-tri-
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fluoroacetyl group (compound 106) has the greatest effect on the shift of the C=O group signal, the differ-
ence between the most and the least shielded atoms is 8.19 ppm compared with the unsubstituted phenylurea 
100. Probably, this is due to the fact that this substituent has a greater diamagnetic effect on the amide car-
bonyl carbon atom than the alkyl and alkylacyl R (R1)-radicals. 

The CS analysis of compounds 100–107 (except for the NНII group of compound 107) relatively to 
phenylurea 1 shows that in the 1H spectrum, the amide protons of both groups undergo significant de-
screening, moreover, the NНII group protons proved to be more sensitive to the electronic influence of the 
substituents δNНII = 6.28 ppm than the protons of NНI (δNНII = 2.43 ppm). 

Urea diaryl derivatives. In a number of spectral methods to identify and establish the action mecha-
nisms of the biologically active compounds, the NMR spectroscopy is becoming more widespread [27]. In 
this part of the work, we present a qualitative analysis of N,Nꞌ-diarylureas that are characterized by diverse 
activity [28, 29]. 

Previously, the effect of various substituents on the characteristics of NMR spectra in a para-substituted 
phenylureas series was studied [30]. Based on the analysis of 1H and 13C NMR spectra, the electronic effect 
of the urea fragments of N-phenyl-N’-alkyl(acyl)urea on the benzene ring was estimated before. 

In connection with the foregoing, it was interesting to evaluate the substituent effects in the aryl core on 
the CS of carbon and hydrogen atoms in urea fragment of diarylureas 108–122 (Fig. 8). 
 

С6Н4(R)NHICONHIIPh 

108–122 
 

R = R1 = H (108); R = 4-CH3 (109); R = 4-OH (110); 
R = 4-CH3O (111); R = 4-NH2 (112); R = 2-CH3 (113); 

R = 4,4ꞌ-O-CH3 (114); R = 4-NO2 (115); 
R = 4-COOH (116); 

 
 
 

R = 4-CH3CO (117); R = 4-I (118); R = 2-NO2 (119); 
R = 4,4ꞌ-CH3 (120); R = 4,4ꞌ-I (121); 

Ph-NHCONH-C6F5 (122) 

 

Figure 8. Urea diaryl derivatives 

Table 7 represents the CS values in the 1H and 13С NMR spectra of diarylureas 108–122. 

T a b l e  7  

N,Nꞌ-diarylurea 108–122 1H and 13C chemical shifts 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
С=О NHI NHII 

108 152.69 8.89 8.89 
109 152.62 8.84 8.78 
110 152.55 8.77 8.56 
111 152.69 8.83 8.71 
112 152.55 8.85 8.77 
113 153.15 8.15 9.25 
114 153.24 8.50 8.50 
115 151.91 9.10 9.62 
116 152.20 9.04 9.30 
117 152.05 9.03 9.33 
118 151.98 9.80 9.91 
119 151.93 9.84 10.08 
120 153.05 8.62 8.62 
121 153.26 9.91 9.91 
122 151.98 8.71 9.30 

 
Judging by the carbonyl carbon atom (δCO) CS values, first of all, we note that in diphenylureas  

108–122, the CS of this carbon atom is noticeably shielded to 4.5 ppm compared to phenylurea 100 itself. 
Probably, this is due to the fact that the N'-arylation of phenylureas (compounds 108–122) leads to an in-
crease in the amide conjugation in N(I)-CO or N(II)-CO fragments due to the influence of the spatial factors, 
for example, due to the urea fragment effect of steric compression of molecules with N'-aryl radicals. The 
range of changes of δCO CS in diphenylurea 108–122 is small: ∆СO = 1.35 ppm. Since the changes in the 
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δCO CS are not clearly connected with the electronic characteristics of R substituents, the δCO CS vibrations 
are apparently also caused by the urea fragment geometry deformation by aryl radicals. 

The changes in the CS of urea protons (ΔNH(I) = 1.76 ppm, ΔNH(II) = 1.52 ppm) indicate their insig-
nificant sensitivity to the electronic influence of variable R substituents. Thus, the electron-donating substit-
uents (compounds 109–114, 120) cause NH(I) and NH(II) protons strong-field shifts, and electron-
withdrawing substituents (compounds 115–119, 121, 122) are a shift to weak fields, and NH(II) protons are 
more susceptible to the influence of the R substituents. 

1,3-disubstituted ureas. By completing the assessment of qualitative changes in the CS of NH protons, 
carbonyl carbon, and methine atoms in the monosubstituted and disubstituted urea derivatives, we move to 
the final group of N,N and N,N’ disubstituted ureas, amide protons and carbonyl carbon chemical shifts  
(Table 8), and the compounds themselves (Fig. 9). 

The overall picture continues the trends observed for the N-monoprotected urea derivatives. The intro-
duction of groups possessing donor properties shields the amide protons, and the groups capable of conjuga-
tion de-screen them. Carbonyl carbon, as expected, is shielded more strongly than in the case of mono-
substitution. 

It is noteworthy that in compounds 124 and 127, the substituent enters into conjugation not only with 
the nitrogen atom directly bonded to it, but also with the other via the carbonyl group π system. This conclu-
sion can be done if we consider the change in the proton of the amide linkage bound chemical shift to the 
tert-butyl group during the transition from compound 125 to 126. The conjugation violation noticeably af-
fects the signal of this NH proton, i.e., the signal is shifted towards a strong field (Δ = 0.62). 
 

RNHCONHR1 
123–128 

 
R = R1 = CH3 (123); R = t-С4Н9, R1 = COC2H5 (124); 

R = t-С4Н9, R1 = Ph (125); R = t-С4Н9, R1 = PhCH2 (126); 
R = PhCH2, R1 = Ph (127); R = Ph2CH, R1 = Ph2CH (128); 

(R,R1)CHNHCONHCH(R,R1) 
129–130 

 
R = Ph, R1 = 3-Cl-C6H4 (129); 

R = 4-СН3Ph, R1 = 3-СН3Ph (130) 

Figure 9. N,N’-Disubstituted ureas 

T a b l e  8  
1H and 13C chemical shifts for N,N’-disubstituted ureas 123–130 

Compound 
number 

The 13C NMR spectra, DMSO, δ, ppm The 1H NMR spectra, DMSO-d6, δ, ppm 
СН С=О СН, m NH, d NH, d 

123 – 160.0 – 5.90 5.90 
124 – 153.59 – 8.38 10.12 
125 – 156.11 – 5.96 6.68 
126 – 157.51 – 5.73 6.06 
127 – 156.0 – 6.26 8.50 
128 56.88 156.22 5.92 6.90 6.90 
129 56.57 156.57 6.01 7.01 7.01 
130 57.07 156.76 6.85 5.78 5.78 

 
From the data given in Table 8 it can be seen that in contrast to N-methylation, the N,N- and N,Nꞌ-aryl-

alkylation of urea causes the carbonyl carbon atom screening. For comparison, it can be noted that the 
N,N-dimethylation of urea de-shields the carbonyl carbon atom by 6.1 ppm, whereas N,N-dibenzylation 
(compound 34) shields 2.5 ppm this urea carbon atom. Given the fact that the arylalkyl groups in compounds 
123–130 in relation to the urea carbonyl group exhibit at least lower electron-donating properties than the 
methyl group, it can be concluded that the δCO screening effect in compounds 123–130 upon urea N-aryl-
alkylation is primarily due to the spatial factors. Since the steric characteristics of arylalkyl groups are signif-
icantly greater relative to methyl and due to their steric "bulkiness", it is possible that the urea arylalkyl 
groups 123–126 cause spatial stresses in the urea fragment of molecules simultaneously enhancing the con-
jugation in the amide fragment with a corresponding increase in the studied compounds amide bond order, 
and, as a consequence, the δCO screening in urea 123–126 relative to urea or its N-methyl derivatives. The 
strong field displacements of the largest carbonyl carbon atoms are observed in compound 124, which is 
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caused by the presence of the most steric "bulky" radical, on the one hand, and the acyl radical effect on the 
other. 

The CS comparison of methine carbon atoms in the 1Н spectrum of compounds 128–130 shows that this 
carbon atom in these compounds is significantly unscreened (relative to α-phenylethylurea 16). As the sub-
stituent volume in the urea grows, the symbatic changes in the CS δCН occur, in other words, the larger are 
the steric characteristics of the substituents, the more likely the weak-field signal shift is observed. 

The introduction of any substituent type (electron-donating or electron-withdrawing) causes a noticea-
ble strong-field shift of the CS of C=O group in all the compounds studied in comparison with the pristine 
urea. This is especially pronounced for N-arylureas 100–107 and N-acylureas 71–99. In the NMR 1Н spectra 
of the studied urea 130, the N-arylureas 100–107 and N-acylureas 71–99 NН protons are the most sensitive 
to structural variations. 

Conclusions 

Numerous experimental data analysis for 130 N-substituted ureas cited before made it possible to de-
termine the main intervals of chemical shifts to identify the atomic resonating groups in the NMR 1Н and 13С 
spectra. The summarized data presented in table 9 are useful to identify urea in various studies and can be 
used by both chemists and biochemists or clinicians. 

T a b l e  9  

Urea chemical shift intervals 

No. 
The chemical compound 

or fragment thereof 
The 1H NMR spectra, ppm 

The 13C NMR spectra, ppm 
С=О 

1 R-NH2 5.7–6.2 156.4–158.2 
2 AlkNHCO 5.8–6.06 158.5–158.9 
3 ArNHCO 8.6–10.1 151.9–156.9 
4 ArAlkCHNHCO 7.0–7.4 156.6–159.9 
5 Ar(Alk)NHCONHCOR1 8.7–9.46 148.7–153.6 
6 ArNHCONHCOR1 8.6–12.5 148.7–153.6 

 
To conclude, not only do the results of 1H and 13C NMR studies of ureas facilitate the opportunities to 

determine the qualitative and quantitative changes of the spectral characteristics from the structural parame-
ters in specific series of the synthesized substances, but also provide a good evidence for their structure. The 
chemical shifts of protons and carbon atoms in the NMR spectra of the substituted ureas can be used as ini-
tial data to correlate with the biological activity and other properties. The obtained results can be used as 
spectral database for chemists, biochemists and pharmacologists using similar substances in practice. 
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А.А. Бакибаев, М.Ж. Садвакасова, В.С. Мальков,  
Р.Ш. Еркасов, A.A. Сорванов, O.A. Котельников 

Ядролық магниттік резонанс əдісімен биологиялық белсенді  
ациклдік мочевиналарды зерттеу 

Мочевина жəне оның N-ациклдік туындылары адам қызметінің түрлі салаларында əр түрлі қолдануды 
табатын құрамында азоты бар органикалық қосылыстардың маңызды класы болып табылады. 
Сонымен, олар көптеген биохимиялық процестерде маңызды рөл атқарып, ауыл шаруашылығында, 
косметологияда, тамақ өнеркəсібінде жəне т.б. салаларда кеңінен қолданылып, органикалық синтезде 
азоттандыру реагенті ретінде əрекет етеді. N-орынбасқан ациклдік мочевинаны сəйкестендіру жəне 
талдау əдістерінің кең қатарында ЯМР-спектроскопия жетекші рөлге ие емес, ал бұл саладағы белгілі 
мəліметтер байланыссыз жəне жүйесіз сипатқа ие. Бұл жағдай алкил-, арилалкил-, ацил- жəне 
арилорынбасқан туындыларды қамтитын ациклдік мочевиналардың кең шеңберіне ядролық-магнитті 
резонанс əдісімен зерттеу жүргізуге түрткі болды. Жұмыста 1H жəне 13C ЯМР мочевина спектрлерінің 
жəне оның N-алкил-, N-арилалкил-, N-арил — жəне 1,3-диарил туындылары спектрлерінің негізінде 
алынған нəтижелері ұсынылған жəне осы функционалдық топтардың мочевина атомдарының 
карбонильді жəне амидті фрагменттерінің химиялық ығысуына əсері талқыланған. Жекелеген 
жағдайларда ЯМР спектріндегі химиялық ығысулар мен зерттелген қосылыстардың құрылымы 
арасында кейбір сапалық тəуелділік белгіленген. Зерттелген қосылыстардың химиялық ығысуларын 
өлшеу нəтижелерін қорыту ациклдік мочевиналарда протондар мен көміртегі атомының химиялық 
ығысуларының өзгеру аралықтарын анықтауға мүмкіндік берді. Алынған мəліметтер биологиялық 
белсенді ациклдік мочевиналар мен олардың метаболиттерін сенімді сəйкестендіру əдістерін едəуір 
кеңейтеді, ал бұл ЯМР-спектроскопияны биохимия жəне клиникалық практика үшін тартымды етеді. 

Kілт сөздер: мочевина, N-алкилмочевина, N-арилмочевина, N-ацилмочевина, N,N-диарилмочевина, 
карбамид фрагменті, амидтік топ, ЯМР-спектроскопия, химиялық ығысу. 
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Р.Ш. Еркасов, A.A. Сорванов, O.A. Котельников 

Исследование биологически активных ациклических мочевин  
методом ядерного магнитного резонанса 

Мочевина и ее N-ациклические производные представляют собой важный класс азотсодержащих ор-
ганических соединений, который находит разнообразное применение в различных отраслях человече-
ской деятельности. Так, они играют важную роль во многих биохимических процессах, широко ис-
пользуются в сельском хозяйстве, косметологии, пищевой промышленности и т.д., выступают в каче-
стве азотирующего реагента в органическом синтезе. Среди широкого арсенала методов идентифика-
ции и анализа N-замещенных ациклических мочевин ЯМР-спектроскопия занимает далеко не лиди-
рующую роль, а имеющиеся сведения в этой области знания носят отрывочный и несистемный харак-
тер. Данное обстоятельство послужило побудительным мотивом для проведения исследований мето-
дом ядерно-магнитного резонанса широкого круга ациклических мочевин, охватывающих их алкил-, 
арилалкил-, ацил- и арилзамещенных производных. В настоящей работе представлены результаты, 
полученные на основании изучения 1H и 13C ЯМР-спектров мочевины и ее N-алкил-, N-арилалкил-, 
N-арил- и 1,3-диарилпроизводных, и определено влияние этих функциональных групп на химические 
сдвиги карбонильных и амидных фрагментов атомов мочевины. В отдельных случаях установлены 
некоторые качественные зависимости между химическими сдвигами в спектрах ЯМР и структурой 
исследованных соединений. Обобщение результатов измерения химических сдвигов изученных со-
единений позволило авторам определить интервалы изменения химических сдвигов протонов и атома 
углерода в ациклических мочевинах. Полученные данные существенно расширяют методы надежной 
идентификации биологически активных ациклических мочевин и их метаболитов, что делает привле-
кательным использование ЯМР-спектроскопии для биохимии и в клинической практике. 

Ключевые слова: мочевина, N-алкилмочевины, N-арилмочевины, N-ацилмочевины, N,N-диарил-
мочевины, карбамидный фрагмент, амидная группа, ЯМР-спектроскопия, химический сдвиг. 
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Effect of ultrahigh-frequency electromagnetic field  
on the properties of associated liquids 

The influence of the electromagnetic field on the refractive index, evaporation rate and surface tension of wa-
ter, propanol-1 and pentanol-1 solutions have been studied. It was shown that the properties of these liquids 
depend on the field frequency and the time of exposure. The action of the field on the structure of water and 
alcohols is selective; changes in their properties are due to frequencies that are individual for each liquid. 
Both deceleration and acceleration of the alcohols evaporation occurs depending on the frequency of the elec-
tromagnetic field. Evaporation of the field exposed water is slowing down at all the studied frequency range. 
There is an increase in the surface tension for water and pentanol, and a decrease for propanol. The properties 
of alcohols return to their initial values, and the properties of the water remain unchanged after the termina-
tion of the field action. Thermodynamic functions of surface water and propanol-1 have been calculated on 
the basis of the temperature dependence of the surface tension. It has been demonstrated that the total internal 
energy of the surface increases for water and reduces or propanol-1. This indicates the strengthening of the 
structure in an aqueous solutions and a weakening of intermolecular interaction in the propanol-1 medium. 

Keywords: water, propanol-1, pentanol-1, electromagnetic field, frequency, refractive index, evaporation rate, 
surface tension. 

 

Introduction 

Many studies demonstrate that water is able to react to any external influence. This fact is revealed in 
the change of its bulk and surface properties. There is an annual increase in publications devoted to the study 
of response of liquid water on the influence of physical fields of different nature [1–5]. Previous studies have 
shown that water treatment with an electromagnetic field of low-intensity of radio frequency leads to an in-
crease in its electrical conductivity, surface tension and heat of evaporation. A decrease in the rate of evapo-
ration and adhesion to a solid surface has been observed. These effects are revealed only at certain frequen-
cies of the field (the range of 30–200 MHz has been studied) and rise up to a specific limit with increasing of 
exposure time. It has been also found that the changed properties of water do not return to their original val-
ues, and were kept for a long time; for example, the observations were carried out during the year [6–8]. The 
experimentally observed changes in the properties of water are associated with the rearrangement of the 
supramolecular organization of water due to the presence of hydrogen bonds [9–11]. 

However, water is not the only liquid whose molecules are hydrogen-bonded. Hydrogen bonds are also 
formed between alcohol molecules, carboxylic acids, esters, mercaptans, etc in a liquid state [12]. Monobasic 
alcohol and water differ significantly in the energy of hydrogen bonds. According to [13], the hydrogen bond 
energy for water is 18.8, while for methanol and ethanol is 25.9 kJ mol-1. Considering that one water mole-
cule has two hydrogen bonds, while alcohols have only one, it becomes obvious that the stability of the water 
structure is much higher. 

Alcohol molecule is considered as a water molecule with one hydrogen atom substituted with a hydro-
carbon radical [14]. The fraction of association, the composition and the form of associates depend on vari-
ous factors. The association fraction of the alcohols decreases with increase of alcohols molecular weight. 
The so-called weighting effect is typical to them [14–16]. Its physical existence is associated with a weaken-
ing of hydrogen bonds due to steric factor and thermal vibrations of the particles. The rise in temperature and 
the addition of some non-polar substances act in the same direction as the weighting effect. The effect of 
weighting is also revealed in the fact that their structure becomes denser with an increase in the alcohols mo-
lecular weight [14]. 
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It can be expected that the field action can change the structure of the alcohols, which should reveal in 
the change of their bulk and surface properties. 

The aim of the work is to determine the changes in physical and chemical properties of propanol-1 and 
pentanol-1 and water, caused by the intermolecular interaction, as a result of exposure of electromagnetic 
field. 

Research in this area has expanded the understanding of the nature of the interaction of electromagnetic 
field with the matter. Research in this area has expanded the understanding of the nature of the interaction of 
an electromagnetic field with matter. 

Experimental 

Propanol-1 (GOST 6006–78), pentanol-1 (chemically pure, TU 2632-106-4449379-07 at a concentra-
tion not less than 5 % and the water purified by using membrane distillation DME-1/B have been used. Spe-
cific conductivity of the water was 1.1 µs/cm. 

Irradiation of alcohols and water was carried out in a contactless manner using a GZ-19A generator 
with a variable frequency in the range of 30–200 MHz. Generator power output was 1 watt. The voltage on 
the HF electrodes was 20–22 V. Cell of a capacitive type with a volume of 20 ml with the axially spaced 
electrodes has been used in the work. 

The refractive index was determined using refractometer URL No. 77–2549 (accuracy ±0.0001). 
Determination of surface tension was carried out by weighing of drops (variety of stalagmometric 

method). Weighting of 50 drops leaked out of stalagmometry, was carried out on an analytical balance 
ВМ153М-II with an accuracy of ±0.001 g. Deionized water has been used as the standard liquid. Thermostat 
TJ-TB-01 was used when studying the temperature dependence of surface tension of liquids. The tempera-
ture accuracy was ±0.10 °C. 

The evaporation of alcohol and water was performed from plastic Petri dishes (surface area of the liquid 
S = 50 cm2) at room temperature, (22 °C) for an hour, recording the mass loss of the dishes with the liquid 
every 10 minutes with the help of analytical balance ВМ153М-II. The experiment with irradiated and non-
irradiated alcohols or water was performed simultaneously to ensure the same external conditions (atmos-
pheric pressure, humidity and air temperature). Kinetic curves were plotted in the coordinates of the mass of 
evaporated liquid (m) vs time (t) based on the obtained data. The evaporation rate was determined from the 
slope of the kinetic curve. 

Results and Discussion 

Studies have shown that the refractive index (n) of propanol as a result of exposure to an electromagnet-
ic field (EMF) practically does not change (the increase does not exceed 0.01 %). The increase in n is more 
signified for pentanol (0.03–0.06 %) (Table 1). 

T a b l e  1  

Refractive index n of pentanol-1 exposed by electromagnetic field of different frequencies  
(tirr.=60 min, T=295 K) 

f, MHz 0 50 70 90 100 
n 1.4096±0.0002 1.4096±0.0001 1.4100±0.0001 1.4104±0.0002 1.4100±0.0001 

∆n, % – – 0.03 0.06 0.04 
 

The increase in refractive index is observed only at the 3 frequencies EMF: 70, 90 and 100 MHz. The 
effect for water is revealed at frequencies exceeding 100 MHz, and much higher — 0.10–0.15 % (Table 2). 

T a b l e  2  

Refractive index of water exposed by electromagnetic field of different frequencies  
(tirr.=60 min, T=295 K) 

f, MHz 0 100 130 140 150 170 
n 1.3330±0.0002 1.3338±0.0003 1.3345±0.0002 1.3344±0.0002 1.3343±0.0003 1.3350±0.0003

∆n, % - 0.06 0.11 0.10 0.10 0.15 
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The refractive index of a liquid is related to its density by empirical relation: 
 n = 1 + aρ,  (1) 
where n — is the refractive index; a — is an empirical coefficient; ρ — is the fluid density [17]. 

Therefore, it can be argued that the increase in n indicates a certain increase in the density of pentanol 
and water, which is most typical for water. And the density of a liquid is directly related to their structural 
organization. 

The rate of evaporation is also determined by the force of intermolecular interactions in the liquid. The 
evaporation rate of irradiated and non-irradiated alcohols with the free surface at T = 295 K has been studied. 
The kinetic curves are presented in Figures 1 and 2. The evaporation rate was determined from the slope of 
the curves based on the mass of the evaporated alcohol (m) vs the time as: 
 U = dm/dt·S, 
where dm — is the mass of the evaporated alcohol; dt — is the evaporation time; S — is the surface area of 
the alcohol. 
 

a b 

a — pentanol; b — propanol (f = 70 MHz, T = 295 K) 

Figure 1. Kinetic curves of evaporation 

 
a b 

a — pentanol; b — propanol (f = 90 MHz, T = 295 K) 

Figure 2. Kinetic curves of evaporation 

The values of relative evaporation rate, irradiated by the field of various frequencies (Urel. = Uirr./Unon-irr., 
where Uirr and Unon-irr — are evaporation rates of irradiated and non-irradiated alcohols, respectively) are pre-
sented in Tables 3 and 4. 

T a b l e  3  

Relative evaporation rates of non-irradiated and irradiated with an electromagnetic field  
of different frequencies propanol (T = 295 K) 

Frequency f, МHz 0 70 80 90 
Relative rate Uirr./Unon-irr 1.00±0.01 1.27±0.01 1.24±0.01 1.08±0.02 
 



I.E. Stas’, S.S. Pavlova 

78 Bulletin of the Karaganda University 

T a b l e  4  

Relative evaporation rates of non-irradiated and irradiated with an electromagnetic field  
of different frequencies pentanol (T = 295 K) 

Frequency f, МHz 0 50 70 90 
Relative rate Uirr./Unon-irr 1.00±0.02 1.15±0.02 0.85±0.01 1.10±0.03 
 

The rate of evaporation of the irradiated alcohols differs markedly from the rate of evaporation of non-
irradiated alcohol, both upward and downward. Pentanol-1 evaporates at a maximum rate after exposure to 
EMF with a frequency of 50 MHz, and propanol-1 — after exposure to a field with a frequency of  
70–80 MHz. Reducing the rate of evaporation is observed for the pentanol at a frequency of 70 MHz. 

Experiments have shown a slowdown in water evaporation as a result of exposure to EMF in the fre-
quency range of 120 and 190 MHz. The maximum effect is achieved for EMF frequencies of 130 and 
170 MHz and is approximately 20 %, as evidenced by the reduced mass of fluid evaporated in two hours 
(Table 5). 

T a b l e  5  

Mass of evaporated water irradiated with an electromagnetic field  
of different frequencies (T = 295 K, tirr.= 2 h) 

f, МHz Mass of evaporated water, g Δm, % 
0 1.68±0.05 – 

130 1.35±0.04 19.6 
140 1.50±0.05 10.7 
150 1.37±0.02 18.4 
160 1.39±0.07 17.3 
170 1.35±0.05 19.6 
190 1.48±0.05 11.9 

 
The irradiation time also influences affects the magnitude of the effect in addition to EMF frequency. 

Experiments on exposure of water by a field of the particular frequencies (130, 150 and 170 MHz) for differ-
ent periods of time (from 30 minutes to 3 hours) were carried out. 

It has been shown that 30 minutes is enough for maximum effect. When 2- and 3-hour effects of the 
field, evaporation slowing was exactly the same as at 30 minutes. Slower evaporation of water exposed to the 
electromagnetic influence, may be a consequence of strengthening of intermolecular interactions. Confirma-
tion of this hypothesis is the previously detected increase in the boiling temperature and evaporation heat of 
water, which also depend on the energy of intermolecular interactions [7]. 

The surface tension of liquids also depends on intermolecular interactions, since it is determined by the 
work of the molecules coming out from the phase volume to the surface. Measurement of the surface tension 
of pentanol demonstrated its significant increase as a result of exposure to EMF at only three frequencies: 50, 
70 and 90 MHz (Fig. 3). The maximum surface tension increases by 3.5 % at a frequency of 50 MHz (for 
non-irradiated alcohol ϭ = 25.6±0.1 MJ/m2). 
 

 

Figure 3. Dependence of surface tension of pentanol on the frequency of the electromagnetic field (T = 298 K) 
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Since all previous studies have shown an increase in the efficiency of field effects with an increase in 
the exposure time, the time dependence of the changes in surface tension during irradiation of pentanol to 
field of frequency 50.70 and 90 MHz was studied. Figure 4 shows the kinetic curves for two frequencies of 
50 and 70 MHz. 
 

f = 50 MHz 

 
a b 

f = 70 MHz 

a b 

a — on the time of irradiation; b — on time after the termination of radiation (T = 298 K) 

Figure 4. Dependence of surface tension of pentanol 

It was detected the intensification effect by increasing the exposure time to 1 hour. Further exposure led 
to a slight decrease in surface tension. It is the most evident at the frequency of 90 MHz. A gradual approach 
of the measured value to the initial amount was observed after the termination of the EMF emission 
(Fig. 4b). It should be noted that the relaxation of surface tension began due to the ongoing exposure of alco-
hol. The relaxation time ranged from 45 minutes to 1 hour depending on the field frequency. 

Strengthening of the effect and relaxation occurred simultaneously when pentanol was irradiated to a 
field with a frequency of 50 MHz. At the same time, the relaxation of the properties to the initial value oc-
curred faster than the increase effect when it was exposed to fields with a frequency of 70 and 90 MHz (Ta-
ble 6). 

T a b l e  6  

Surface tension, increase and relaxation times for irradiated pentanol (T = 298 K) 

f, MHz 50 70 90 
σ, MJ/M2 26.5±0.2 26.2±0.1 25.9±0.1 
∆σ, % 3.5 2.6 1.4 
Increase time σ, min. 60 60 60 
Relaxation time σ, min. 60 45 45 
 

Similar studies have been carried out for propanol-1. In this case, the surface tension change was well 
signified only for the frequencies of 70 and 80 MHz, and there was not an increase but there was a decrease 
by 10.9 % and 3.9 % respectively (Fig. 5). 
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Figure 5. Dependence of surface tension of propanol on the frequency of the electromagnetic field (T = 298 K) 

The maximum effect in this case was also achieved with an exposure time, of 1 hour. After the termina-
tion of the field effects the surface tension of propanol returns to its initial value in 40 minutes (Fig. 6). The 
presence of relaxation processes proves that the results obtained are not associated with the error in determi-
nation of the surface tension. 
 

 

a b 

a — on the time of irradiation; b — on time after termination of irradiation (f = 70 MHz) 

Figure 6. Dependence of surface tension of propanol 

The EMF exposure on water, as well as on the pentanol led to an increase in surface tension, mainly at 
frequencies of 130 and 170 MHz. The maximum effect is achieved within 1 hour (Table 7). After termina-
tion of irradiation the surface tension of water decreased for 3 months, during which we conducted observa-
tions. 

T a b l e  7  

Change of surface tension of water depending on the time of exposure to electromagnetic fields  
(ϭ0 = 72.8 MJ/m2, T=295 K) 

t, min 30 60 90 120 150 
σ, MJ/m2, 

f = 130 МHz 
74.7±0.7 82.2±1.1 82.3±0.9 82.2±0.7 82.2±1.0 

σ, MJ/m2, 

f = 170 МHz 
77.4±0.8 82.5±1.0 82.5±1.0 82.5±0.9 82.5±1.1 

 
It is known that the surface tension of the liquid reduces with increasing temperature. This occurs on the 

one hand, due to the convergence of the force fields of coexisting phases (liquid — vapor), and, on the other 
hand, due to the weakening of the intermolecular interactions, as a result of an increase in the intensity of the 
thermal motion of molecules [18]. Conducted studies have shown that the surface tension of water activated 
by EMF also decreases with increasing temperature, but to a greater extent compared to non-activated (Ta-
ble 8). Temperature coefficient dσ/dT for non-activated water is (–0.154) MJ/m2·K [19]. After its electro-
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magnetic treatment the linear character of the dependence of surface tension on temperature is kept, howev-
er, the temperature coefficient increases sharply dσ/dT = –0.251 MJ/m2·K (130 and 170 MHz). For irradiated 
propanol temperature coefficient of surface tension has a lower value dσ/dT = –0.05–0.06 MJ/m2·K com-
pared to non-irradiated, for which dσ/dT = –0.08 MJ/m2·K [19]. 

The thermodynamic functions of the surface layer (internal energy (Us), entropy (Ss) and heat of unit of 
area formation (qs)) were calculated based on the temperature dependence of the surface tension of water and 
propanol. The calculation was performed using the equations of Gibbs-Helmholtz [18]: 
 Us = σ – T·(dσ/dT)p; (2) 
 Us = σ + qs; (3) 
 Ss = – (dσ/dT)p. (4) 

The results of the calculations are presented in Tables 8 and 9. 

T a b l e  8  

Thermodynamic functions of the surface layer of non-activated and activated water (170 MHz)  
in the temperature range 289–300 К 

T, K 289 293 295 296 297 300 
non-activated water 

σ, mJ/m2 73.3 72.7 72.5 72.3 72.1 71.6 
qs, mJ/m2 43.6 44.3 44.5 44.7 44.8 45.3 
Us, mJ/m2 117 116 117 117 117 117 

аctivated water (170 МHz) 
σ, mJ/m2 82.2 77.1 76.2 73.2 72.2 69.2 
qs, mJ/m2 72.5 73.5 74.3 74.3 74.5 75.3 
Us, mJ/m2 155 151 150 147 146 144 

 

T a b l e  9  

Thermodynamic functions of the surface layer of water  
activated by electromagnetic field of different frequencies 

f, МHz 0 130 160 165 170 
Us, mJ/m2

 117 153–145 138 129 155–144 
qs, mJ/m2 43.6–45.3 71.5–74.8 70.4–75.0 67.0–68.4 72.5–75.3 
Ss, mJ/m2

 0.154 0.251 0.241 0.160 0.251 
 

Similar calculations have been carried out for propanol (Table 10). 

T a b l e  1 0  

Thermodynamic functions of the surface layer of propanol 

Thermodynamic function Unirradiated propanol 
Irradiated propanol 

(f = 70 МHz) (f = 80 МHz) 
Т, К 276 282 288 276 282 288 276 282 288 

σ, mJ/m2 24.4 23.9 23.4 23.9 23.4 23.3 24.2 23.7 23.4 
Us, J/m2 46.5 46.5 46.4 37.7 37.5 37.7 40.8 40.6 40.6 

qs, mJ/m2 22.1 22.6 23.0 13.8 14.1 14.4 16.6 16.9 17.2 
Ss,, mJ/m2 0.08 0.08 0.08 0.05 0.05 0.05 0.06 0.06 0.06 

 
As can be seen from Table 10, the heat of formation of the surface as an entropy component makes a 

significant contribution to the total surface energy. It is about half of the total surface energy for many organ-
ic substances, [18]. This is due to the fact that when molecules move from one liquid volume to its surface, 
bonds are broken and the substance is in a state close to the vapor phase, with higher entropy on the surface. 
Values Us, qs, and Ss of irradiated propanol-1 are significantly lower than the corresponding values for non-
irradiated alcohol. Therefore, it can be concluded that the intermolecular interaction is weakened as a result 
of field exposure. On the contrary, the total surface energy of water increases by both enthalpy and entropy 
factors (Tables 8, 9). This indicates the opposite effect of the field on water, that is, on the strengthening of 
its structure. 
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Conclusions 

Thus, the studies carried out have shown that alcohol, as well as water, is capable to absorb the energy 
of the electromagnetic field, changing its physical properties, which can be a consequence of changes in the 
supramolecular organization of these liquids. The absorption of electromagnetic energy is selective. Each 
liquid corresponds to a specific set of frequencies, where there are change in surface tension, refractive index 
and evaporation rate. The maximum change in properties is observed at 70 MHz for propanol-1 and at 50 
MHz for pentanol-1. The extreme frequencies for water are 130 and 170 MHz and they differ significantly 
from those values. The magnitude of the field response at these frequencies is markedly different; the effect 
is much more pronounced in the water medium. 

There is a common "cumulative effect" for all three liquids, which is a gradual increase in property 
change during irradiation. For all liquids there is a "saturation", i.e. the change in measured properties in-
creases within 60 min. Further irradiation is ineffective. At the same time, although further action of the field 
on water does not lead to changes, the relaxation process begins in alcohols (the property is aimed at its ini-
tial value). With regard to the rate of evaporation of liquids, there is a correlation between its change for irra-
diated systems and the change in surface tension. The deceleration of evaporation corresponds to the value of 
the surface tension for water and pentanol-1, which increased as a result of field exposure. The acceleration 
of evaporation corresponds to the reduced surface tension value for propanol-1. These results suggest a 
greater cohesive interaction in activated water and pentanol and its weakening in propanol. The different ef-
fects of the two alcohols can probably be associated either with differences in their structural organization or 
with the range of studied frequencies. It is possible that different effects can be observed when exposed to a 
field of higher or lower frequencies. 
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И.Е. Стась, С.С. Павлова 

Ультражоғары жиіліктегі электромагниттік өрістің ассоцияланған 
сұйықтықтардың қасиеттеріне əсері 

Электромагниттік өрістің су, пропанол-1, пентанол-1 сыну көрсеткішіне, булану жылдамдығына жəне 
беткі керілуіне əсері зерттелді. Бұл сұйықтықтардың қасиеттері өрістің жиілігіне жəне оның əсер ету 
уақытына байланысты екендігі көрсетілген. Өрістің су мен спирттердің құрылымына əсері таңдамалы; 
олардың қасиеттерінің өзгеруі əр сұйықтық үшін жеке жиіліктерде жүреді. Электромагниттік өрістің 
жиілігіне байланысты спирттердің булануының баяулауы да, үдеуі де жүреді. Өрістің əсеріне 
ұшыраған судың булануы барлық зерттелген жиілік диапазонында баяулайды. Пентанол мен судың 
беткі керілуі артып, пропанол — азаяды. Өріс əсері тоқтағаннан кейін спирттердің қасиеттері 
бастапқы мəндеріне оралады, ал судың қасиеттері өзгеріссіз қалады. Су мен пропанол-1 бетінің 
термодинамикалық функциялары беттік керілудің температуралық тəуелділігі негізінде есептеледі. Су 
үшін беттің жалпы ішкі энергиясы артып, пропанол-1 үшін азаятыны көрсетілді, бұл сулы ортадағы 
құрылымның беріктеуін жəне пропанол-1 ортасында молекулааралық өзара əрекеттесудің əлсіреуін 
көрсетеді. 

Кілт сөздер: су, пропанол-1, пентанол-1, электромагниттік өріс, жиілік, сыну көрсеткіші, булану 
жылдамдығы, беттік керілу. 

 
И.Е. Стась, С.С. Павлова 

Влияние электромагнитного поля ультравысоких частот  
на свойства ассоциированных жидкостей 

Изучено влияние электромагнитного поля на показатель преломления, скорость испарения и поверх-
ностное натяжение воды, пропанола-1 и пентанола-1. Было показано, что свойства этих жидкостей за-
висят от частоты поля и времени его воздействия. Действие поля на структуру воды и спиртов изби-
рательно; изменения их свойств происходят при частотах, индивидуальных для каждой жидкости. В 
зависимости от частоты электромагнитного поля происходит как замедление, так и ускорение испаре-
ния спиртов. Испарение воды, подвергшейся воздействию поля, замедляется во всем исследуемом 
диапазоне частот. Поверхностное натяжение пентанола и воды увеличивается, а пропанола — умень-
шается. После прекращения действия поля свойства спиртов возвращаются к своим исходным значе-
ниям, а свойства воды остаются неизменными. Термодинамические функции поверхности воды и 
пропанола-1 рассчитаны на основе температурной зависимости поверхностного натяжения. Было 
продемонстрировано, что полная внутренняя энергия поверхности увеличивается для воды и умень-
шается для пропанола-1, что указывает на упрочнение структуры в водной среде и ослабление меж-
молекулярного взаимодействия в среде пропанола-1. 

Ключевые слова: вода, пропанол-1, пентанол-1, электромагнитное поле, частота, показатель прелом-
ления, скорость испарения, поверхностное натяжение. 
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The correlation between the surface-active characteristics  
of SAFOL 23 – alcohol – water systems  

and the length of the alkyl radical of the alcohol 

The effect of isobutyl and isoamyl alcohols on the surface-active characteristics of SAFOL 23 nonionic sur-
factant was studied. The surface tension isotherms (STI) of an aqueous solution of surfactant and its water-
alcohol compositions are obtained. The structure of mixed micelles and the values of the surfactant interac-
tion factor in the micelle, based on the STIs of SAFOL 23 – alcohol – water systems, were calculated. The 
dependence of surface activity on the SAFOL 23: alcohol ratio passes through a maximum, which is associat-
ed with the transition of alcohol from co-surfactant to co-solvent due to the increase in its quantity. The wet-
ting process of high dispersed polytetrafluoroethylene (PTFE) by SAFOL 23 – alcohol – water compositions 
was studied, contact angle isotherms were constructed. The PTFE surface was hydrophilized by compositions 
at ratios which comply with surface activity maximum. SAFOL 23 is more adsorbed on the surface of the sol-
id phase than on the liquid-gas interface. The appending of alcohol into an aqueous solution of surfactant 
changes the ratio between hydrophilic and lipophilic groups of the composition, which affects cloud point. It 
significantly expands the range of application of surfactants and allows the use of SAFOL 23 as a solubilizer, 
emulsifier and wetting agent. 

Keywords: nonionic surfactant, micellization, mixed micelles, surface activity, adsorption, contact angle, wet-
ting, hydrophilic-lipophilic balance. 

 

Introduction 

Surfactants are organic compounds of diphilic structure, containing in their composition the polar and 
non-polar parts [1]. Surfactants concentrate on the phase interface due to its structure peculiarities, cause a 
decrease in surface tension and significantly change the properties of the interphase surface. In this regard, 
they play a very significant role in such practical processes as wetting, dispersion, emulsification. 

Nonionic surfactants are one of the most widely used surfactant class in industry [2]. Ethoxylated alco-
hols, alkyl acetylene glycols, condensation products of glucosides with fatty alcohols, carboxylic acids, and 
ethylene oxide are of the greatest interest among nonionic surfactants [3]. 

Most surfactant compositions are mixtures, which include various solvents. The components of such 
systems interact with each other. As a result, their physicochemical and surface-active characteristics change. 
The efficiency of use of the compositions depends on the influence of many factors: product uniformity, re-
sistance to temperature effects, viscosity, etc [4]. 

It is necessary to study the basic physicochemical dependences to understand the behavior of such sys-
tems under various conditions and their useful for solving specific problems. 

This work is devoted to the study of the isobutyl (IBA) and isoamyl (IAA) alcohols effect on the sur-
face-active characteristics of SAFOL 23 nonionic surfactant. 

Experimental 

The objects of research were aqueous and water-alcohol solutions of nonionic surfactant SAFOL 23 
manufactured by Sasol Olefins & Surfactants GmbH. Its general formula is CnH(2n+1)O(C2H4O)7 where the 
carbon chain length n = 10–13. The surfactant belongs to the class of ethoxylated alcohols, which have high-
er biodegradability and lower toxicity compared to the widely used ethoxylated nonylphenols [5]. 

The studied solutions were prepared in the concentration range of the mixture 0.02–130.00 g⋅L-1 for the 
mass ratios of the system SAFOL 23 – alcohol: 1:0, 1:4, 2:3, 3:2, 4:1, 1:0. We observed areas of foliation for 
compositions SAFOL 23 – IBA – water with a ratio of SAFOL 23:IBA = 1:4 and SAFOL 23 – IAA – water 
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with a ratio of SAFOL 23:IAA = 1:4 and 2:3 at concentrations of 40 g⋅L-1 and higher. We couldn`t include 
some results due to foliation of some compositions. 

The surface tension of SAFOL 23 – alcohol – water, SAFOL 23 – water, alcohol – water, SAFOL 23 – 
alcohol systems was determined by a handing drop method using a KRUSS DSA 25E tensiometer. 

The value of the contact angle was measured by the lying drop method using the same device. It is im-
possible to wet powdered materials by direct methods, i.e. direct observation of a liquid drop on a particle. 
Therefore, we measured the contact angle by placing a liquid drop (diameter of 2 mm) on a pressed 
polytetrafluoroethylene (PTFE) powder, achieving reproducible values. The properties of the pressed surface 
were considered similar to the properties of individual particles [6, 7]. 

The composition of mixed micelles, according to [8, 9], was calculated by the formulas (1), (2): 
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where α1 and α2 are the mole fraction of SAFOL 23 and alcohol in mixture; х1 and х2 are the mole fraction of 
SAFOL 23 and alcohol in micelle; С1 and С2 is the CMC of SAFOL 23 and alcohol; С12 is the CMC of 
SAFOL 23 – alcohol system. 

The adsorption at the liquid-gas interface of SAFOL 23 was determined according to the formula (3) 
[9]: 
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where R is the universal gas constant; T is the temperature; γ is the surface tension at the liquid-gas interface; 
C is the concentration. 

The adsorption isotherm at the solid-liquid interface in relative units, i.e. in comparison with the adsorp-
tion isotherm at the liquid-gas interface was determined by the formula (4) [9]: 

 
cos

cos ,SL LG LG
LG

d
Г Г

d
θ= γ

 
 


− +


θ
γ

 (4) 

where γLG is the surface tension at the liquid-gas interface; ГSL and ГLG are the adsorption at the solid-liquid 
and the liquid-gas interface. 

The cloud point was determined according to ISO 1065–91 [10]. The method consists in heating an 
aqueous solution of surfactant with a 5 g⋅L-1concentration to complete turbidity, cooling with continuous stir-
ring, and determining the temperature at which the turbidity disappears. 

The HLB of alcohols and a water-alcohol composition based on SAFOL 23 were calculated by using 
formulas (5)–(7) [11]: 
 0.098 4.020, сHLB t= +  (5) 
where tс is the cloud point. 
 1 1 2 2 , HLB HLB HLB = ω + ω  (6) 
where ∑HLB is the HLB of the mixture system; ω1 and ω2 are the mass fraction of the components; HLB1 and 
HLB2 are the HLB of individual components. 

 
20

, hMHLB
M

=  (7) 

where Mh is the molar mass of the OH group; М is the molar mass of the alcohol. 

Results and Discussion 

Mixed micellization processes were studied for various SAFOL 23:alcohol ratios. We used pseudo-
binary approach, which consists of considering the ternary mixture as a binary [12]. The composition 
SAFOL 23 – alcohol was considered as the first component of the mixture, and water as the second. The sur-
face tension isotherms (STI) of the examined ternary mixtures based on SAFOL 23 (Fig. 1) have the typical 
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form for colloidal surfactants [13]: the surface tension decreases sharply at low concentrations of surfactants 
in the solution, but the curve reaches a horizontal plateau (the critical micelle concentration (CMC)). 

A sharp reduce in surface tension at the low concentration range is associated with the formation of a 
monomolecular layer. The area almost parallel to the abscissa axis corresponds to the transition of surfactant 
molecules into the solution volume and the formation of micelles, initially spherical, then cylindrical. 
 

 

Figure 1. The surface tension isotherm of the water-alcohol composition SAFOL 23 (SAFOL 23:IBA = 3:2) 

The surface-active characteristics of the individual compounds and their mixtures are presented in Ta-
ble 1. The CMC were determined by the universal method for all surfactants — the concentration corre-
sponding to the kink on the surface tension isotherm in semilogarithmic coordinates. Surface activity was 
calculated as the tangent of the slope of the initial portion of the STI. 

T a b l e  1  

Surface-active characteristics of compositions 

Composition γmin, mN⋅m-1 CMC, g⋅L-1 G, mN⋅m2⋅kg-1

SAFOL 23 – water 26.45 0.27 169.05 
IBA – water 25.81 8.80 5.32 
SAFOL 23 – IBA – water 
(SAFOL 23:IBA = 3:2) 

24.91 0.17 290.51 

SAFOL 23 – IAA 27.76 – – 
IAA – water 30.12 3 14.16 
SAFOL 23 – IAA – water 
(SAFOL 23:IAA = 3:2) 

23.97 0.22 218.83 

SAFOL 23 – IAA 25.16 – – 
 

Figures 2, 3 show the STI of the SAFOL 23 – alcohol – water systems (SAFOL 23:alcohol = 3:2), 
SAFOL 23 – water, alcohol – water, SAFOL 23 – alcohol in semilogarithmic coordinates. The curves show 
us, that the studied alcohols are not surface-active, however, their appending into the SAFOL 23 solution 
promotes an increase in the surface activity of the mixture in comparison with an individual surfactant. This 
phenomenon is associated with the formation of mixed micelles and a synergistic effect [14]. 

The compositions of mixed micelles and the values of the surfactant interaction factor β in the micelle 
were calculated by formulas (1) and (2) using the Rosen and Rubin method [8, 9]. The results are presented 
in Table 2. The interaction factor β is a quantitative characteristic of molecular interactions between surfac-
tants in mixed micelles and, in the case of negative values, corresponds to the mutual attraction of the com-
ponents in the mixture. 
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Figure 2. The surface tension isotherm of water-alcohol compositions based on SAFOL 23 and IBA 

 

Figure 3. The surface tension isotherm of water-alcohol compositions based on SAFOL 23 and IAA 

It is known that synergism during micellization in surfactant mixtures can be discussed under two con-
ditions: β < 0, |ln(C1/C2)| < |β| — what is done in our case, i.e. alcohol behave itself as a co-surfactant and is 
incorporated into the micelles in this concentration range. 

In all cases the dependence of surface activity on the mole fraction of surfactants is extreme (Fig. 4), 
while with rising radical length the surface activity of the corresponding compositions falls, and the position 
of the maximum shifts toward a higher surfactant content in the mixture. The force of attraction between the 
molecules of SAFOL 23 and the alcohol also slightly decreases with increasing length of the radical. 

The similar dependence was observed by N.A. Lyapunov in the study of the surface activity of cationic 
surfactants in the presence of ethyl alcohol [15]. This dependence can be explained by starting from a certain 
concentration, the alcohol does not behave as a co-surfactant, it behaves as a co-solvent, causing the dis-
aggregation of micelles. In addition, there is no need for the aggregation of surfactant molecules into mi-
celles when dissolved in alcohol, because the solvent contains hydrophilic and hydrophobic groups. 
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Most of the studied solutions meet this condition. However, in practice, we were not able to achieve com-
plete hydrophilization of the surface in both an individual surfactant and its compositions with isopropyl al-
cohol (IPA) [18] (the cosine values of the contact angle were negative), although the contact angle decreased 
with rising concentration of the mixture. 

The negative influence of the roughness factor and the suboptimal HLB value, leading to the absence of 
wetting, can be removed with the help of compositions which contain alcohols with a longer alkyl radical 
length. 

Indeed, the problem of hydrophilization of powder PTFE was solved by replacing IPA by IBA and 
IAA. Moreover, we observed the values of contact angles wich are less than 90 degrees. We could observe it 
near the maximum of the surface activity curve. The obtained experimental dependences of the wetting iso-
therms (Fig. 6, 7) are symbatic: in the initial section of the isotherm, a sharp increase in the cosine of the 
contact angle is observed, then the character of the dependences takes on a smoother, and sometimes stepped 
shape. The cosine of the contact angle of the composition at the wetting inversion point reduces with rising 
length of the alcohol radical. So, for the composition SAFOL 23 – IBA – water, the concentration at the in-
version point was 0.51 mol⋅L-1, for the composition SAFOL 23 – IAA – water — 0.27 mol⋅L-1. This phe-
nomenon and the growth in the steepness of the wetting isotherms indicate a more intense adsorption of the 
composition with an increase in the length of the alkyl radical on the surface of highly dispersed PTFE. 
 

 

Figure 6. The contact angle isotherms of compositions at different ratios SAFOL 23:IBA 

 

Figure 7. The contact angle isotherms of compositions at different ratios SAFOL 23:IAA 
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It is possible to calculate the adsorption isotherm at the liquid-gas and the solid-liquid interfaces by 
formulas (3), (4). This calculation was carried out for the wetting compositions SAFOL 23 – IBA – water 
and SAFOL 23 – IAA – water. Figures 8, 9 show the adsorption isotherms of these compositions at the liq-
uid-gas and the solid-liquid interfaces. 
 

 

Figure 8. Liquid-gas adsorption isotherm of water-alcohol compositions based on SAFOL 23 

 

Figure 9. Solid-liquid adsorption isotherm of water-alcohol compositions based on SAFOL 23 

The isotherms obtained for the solid-liquid interface are s-shaped and correspond to the scenario of 
weak interaction of the hydrophilic parts of surfactant molecules and the substrate [19] due to the high hy-
drophobicity of PTFE. As the concentration of the composition increases, the solvent composition changes. 
Alcohol molecules that are not included in the micelles appear in the dispersion medium. This affects the 
course of the further adsorption process and the organization of surfactant layers at the phase boundary. 

At concentrations lower than 10 g⋅L-1, both compositions behave in a similar way, and the quantitative 
adsorption values practically coincide. In the region of higher concentrations both at the liquid-gas interface 
and at the solid-liquid interface, SAFOL 23 compositions with IAA exhibit a significantly higher adsorption 
capacity compared to compositions with IBA. 

From the data presented in Figures 8, 9, it follows that the studied compositions are more adsorbed at 
the surface of the solid phase than at the liquid-gas interface. 
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The appending of alcohol into an aqueous surfactant solution and the inclusion of its molecules in mi-
celles change the ratio of hydrophilic and lipophilic groups which are reflected in the HLB value [18]. This 
characteristic was calculated for the mass ratio SAFOL 23:alcohol = 3:2 (Table 3). The obtained experi-
mental results were compared with theoretical values calculated by equation (6). The HLB values of IBA and 
IAA were calculated according to equation (7), they amounted to 4.6 and 3.9, respectively. 

T a b l e  3  

HLB determination results 

Composition Cloud point, °С 
HLB 

experimental theoretical 
SAFOL 23 – water 62 10.1 10.1 
SAFOL 23 – IBA – water 40 7.9 7.9 
SAFOL 23 – IAA – water 32 7.2 7.6 

 
Unlike the composition SAFOL 23 – water, which has an HLB value of 10 and belongs to the class of 

emulsifiers, the compositions SAFOL 23 – IBA – water and SAFOL 23 – IAA – water have substantially 
lower HLB, which allows them to be classified as lipophilic in nature wetting materials with low surface en-
ergy [3, 11], which was implemented in practice. 

Thus, a growth in the length of the alcohol radical allowed us to reduce the HLB of compositions based 
on non-ionic surfactants SAFOL 23 and to increase their wetting ability in relation to a highly dispersed low-
energy surface. 

Based on the performed experiment, it can be concluded that by varying the nature of alcohol, it is pos-
sible to regulate the functional properties of surfactants, which significantly expands the scope of their appli-
cation. 

Conclusions 

Some conclusions can be drawn from the research results. The mutual attraction of surfactant-alcohol 
molecules in the mixed micelle weakens with increasing length of the alkyl radical. The composition of 
mixed micelles weakly depends on the ratio of components in the composition and the nature of the alcohol. 
The wetting ability of the compositions growths with increasing length of the alkyl radical. The use of longer 
chain alcohols in the composition with SAFOL 23 allows one to achieve an in-version of wetting and 
hydrophilize the low-energy highly dispersed PTFE surface at lower surfactant concentrations. Adsorption of 
water – alcohol compositions at the solid phase is more intense than at the liquid-gas interface. The append-
ing of alcohols changes the hydrophilic-lipophilic balance of SAFOL 23, which allows it to be used as a 
solubilizer, emulsifier or wetting agent. Varying the nature of alcohol, it is possible to regulate the functional 
properties of surfactants, which significantly expands their application. 
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SAFOL 23 – спирт – су жүйелерінің беттік-белсенді сипаттамаларының  
алкилді радикал спирттің ұзындығына тəуелділігі 

Изобутил (ИБС) жəне изоамил (ИАС) спирттерінің SAFOL 23 ионогенді емес беттік-белсенділік 
сипаттамаларының əсері зерттелді. Белсенді активті заттар (БАЗ) су ерітіндісінің жəне оның сулы-
спирттік композицияларының беттік керілу изотермалары (БКИ) алынды. Олардың негізінде SAFOL 
23 сулы-спирттік жүйелері үшін аралас мицелланың құрамы жəне мицелледегі БАЗ өзара іс-қимыл 
факторының шамасы есептелген. Су-спирттік композицияның құрамы мен беттік-белсенділігі табыл-
ды жəне зерттелді. Беттік-белсенділіктің тəуелділігі SAFOL 23 қатынасынан: спирт монотонды сипат-
та болмайды жəне оның со-БАЗ со-еріткішке ауысуына байланысты максимум өтеді. Жоғары 
дисперсті политетрафторэтилен (ПТФЭ) SAFOL 23 сулы-спирттік композицияларымен жұқтыру 
процесі зерттелді. ПТФЭ беті гидрофизденді, тек беттік-белсенділіктің құрамына тəуелділік 
графигіндегі максимумға сəйкес келетін ерітінділерді пайдалану кезінде. Əр түрлі фазааралық шека-
раларда SAFOL 23 адсорбцияланған мөлшері мен оның концентрациясы арасындағы байланыс 
графиктері есептелген. SAFOL 23 ПТФЭ бетінде жақсы адсорбцияланады жəне ерітінді-газ шекара-
сында біршама əлсіз. Спиртті БАЗ су ерітіндісіне енгізу композицияның гидрофильді жəне 
липофильді топтарының саны арасындағы арақатынасты өзгертеді, бұл оның гидрофильді-липофильді 
балансының (ГЛБ) шамасына жəне лайланған температурасына əсер етеді. Бұл БАЗ қолдану ауқымын 
едəуір кеңейтеді жəне SAFOL 23 солюбилизатор, эмульгатор жəне гидрофилизатор ретінде 
пайдалануға мүмкіндік береді. 

Кілт сөздер: ионогенді емес БАЗ, мицеллоқұрылым аралас мицеллолар, беттік белсенділік, адсорб-
ция, дымқылдандыру, гидрофильді-липофильді баланс. 
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Зависимость поверхностно-активных характеристик систем  
SAFOL 23 – спирт – вода от длины алкильного радикала спирта 

Исследовано влияние изобутилового (ИБС) и изоамилового (ИАС) спиртов на поверхностно-активные 
характеристики неионогенного поверхностно-активного вещества (ПАВ) SAFOL 23. Получены изо-
термы поверхностного натяжения (ИПН) водного раствора ПАВ и его водно-спиртовых композиций. 
На основе серии ИПН ряда систем SAFOL 23 – спирт – вода рассчитаны составы смешанных мицелл 
и величины фактора взаимодействия ПАВ в мицелле. Найдена и изучена зависимость поверхностной 
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активности водно-спиртовой композиции от ее состава. Зависимость поверхностной активности от 
соотношения SAFOL 23: спирт носит немонотонный характер и проходит через максимум, что связа-
но с изменением функции спирта с ростом его содержания и переходу от со-ПАВа к со-растворителю. 
Авторами изучен процесс смачивания высокодисперсного политетрафторэтилена (ПТФЭ) компози-
циями SAFOL 23 – спирт – вода, построены изотермы краевого угла смачивания. Поверхность гидро-
филизировалась при соотношениях, которые находились в интервале максимума кривой зависимости 
поверхностной активности – состав композиции. Построены изотермы адсорбции на границах раздела 
фаз жидкость–газ, твердое тело–жидкость. SAFOL 23 в большей степени адсорбируется на поверхно-
сти твердой фазы, чем на границе жидкость–газ. Введение спирта в водный раствор ПАВ изменяет 
соотношение между числом гидрофильных и липофильных групп композиции, что отражается на ве-
личине ее гидрофильно-липофильного баланса (ГЛБ) и температуре помутнения. Это существенно 
расширяет диапазон применения ПАВ и позволяет использовать SAFOL 23 в качестве солюбилизато-
ра, эмульгатора и смачивателя. 

Ключевые слова: неионогенное ПАВ, мицеллообразование, смешанные мицеллы, поверхностная ак-
тивность, адсорбция, смачивание, гидрофильно-липофильный баланс. 
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Effect of pH and water irradiation with the electromagnetic field  
on the gelation of gelatin solutions 

The rate of gelation was determined from the curve slope of the dependence of the gelatin solution relative 
viscosity on time at different pH. It was found that slow gelation of 2 % gelatin solution occurs at T = 293 K, 
and the degree of fluidity significantly depends on рН. The most stable jellies are formed at the isoelectric 
point (рН = 4.7). There are significant differences in the physical state of jellies prepared on irradiated water 
and control samples. Prepared on unirradiated water jellies are more mobile and retain fluidity at T = 293 K 
regardless of рН. There is a partial or full melting of the jellies with the increase in temperature at 297 K; 
however solid state remains for irradiated systems at pH = 4 and 4.7. It was shown that the viscosity of the ir-
radiated solution and the rate of its increase are higher in comparison with the control samples at all pH val-
ues except рН = 2. The observed phenomenon can be caused by the weakening of the hydration of polymer 
macromolecules in the activated water, which facilitates their association and the formation of a structured 
system. 

Keywords: gelatin, gelation rate, relative viscosity, electromagnetic field, frequency, medium acidity, irradiat-
ed water. 

 

Introduction 

Currently a large amount of experimental material has been accumulated, indicating significant changes 
in the physical and chemical properties of water [1–3] and aqueous solutions of polymers as a result of expo-
sure to magnetic and electromagnetic fields. Thus, the effect of the electromagnetic field on glutamic acid 
solutions was studied by A. Ninno and A.K. Castellano using IR-spectroscopy [4]. 

It was shown that the solutions with a pH less than the isoelectric point (IEP) demonstrated a shift to-
wards deprotonation of a carboxyl group as a result of field exposure. The deprotonation of residual amino 
groups was observed for solutions with pH above the IEP. The same authors studied the effect of weak elec-
tromagnetic fields on the structure of L-glutamine and L-phenylalanine in aqueous solution. It was assumed 
that the magnetic field changes the structure of water around hydrophobic molecules and their interaction, 
which allows the aggregation of amino acids molecules [5]. The influence of low-intensity extrahigh-
frequency (EHF) radiation (27–120 GHz) on the processes of structuring of water and aqueous solutions of 
amino acids has been studied [6]. The strengthening of the structure of water and upgrading of hydrophobic 
interactions near the macromolecules of the polymer as a result of field exposure have been demonstrated. 
The effect of microwave electromagnetic radiation on the formation of supermolecular particles in aqueous 
solutions of non-hydrolyzed polyacrylamide has been studied in [7]. It was shown that the heating of the 
sample contributes to the emergence of large supermolecular particles. The possibility of pulse-discharge 
technologies using in the food industry with the aim to develop the hydration of biopolymers and improve 
the physical and chemical properties of the products has been discussed in [8]. 

The idea of relationship between the structure of water and the biological molecules dissolved in it is 
based on the methods of high frequency therapy used in the treatment of respiratory and blood circulation. 
Structural properties of water, solutions of electrolytes and non-electrolytes and their changes in the electro-
magnetic field have been analyzed in [9, 10]. The boundary of the first structural zone where the order is 
based on the original tetrahedral structure of water has been determined. It was shown that the appropriate 
concentrations are important for tissue cells, since they control the characteristic changes in the physical and 
chemical properties of aqueous systems and the possibility of jel-like structures formation. The effect of a 
magnetic field on the sol-gel transition of methylcellulose in water was studied by Wang K. et al. They found 
that the influence of the magnetic field reduced the sol-gel transition temperature by 3 °C, showing an effect 
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similar to that of salt additives. There is a slight increase in jelly hardness [11]. The influence of a pulsed 
magnetic field on the rate of change in the mechanical strength of fibers was shown using examples of a 
number of fibrous polymeric materials (viscose, polyacrylonitrile, polyamide, cotton, cellulose wool) [12]. 
The effect of electromagnetic water treatment on the dyeing of woolen fabrics has been determined [13]. The 
action of an external magnetic field on the cis-trans isomerization of polybutadiene rubber has been demon-
strated [14]. 

Previous studies have shown significant changes in physical and chemical properties of water, caused 
by irradiation of water with a low-intensity high-frequency (30–240 MHz) electromagnetic field (EMF) and 
subsequent shift in intermolecular interaction [15–17]. It was shown that the magnitude of the observed 
changes in the water surface tension, rate of evaporation and parameters of wetting depends on the EMF fre-
quency and exposure time. It was also found that the degree of expansion of biopolymers such as gelatin, 
carboxymethylcellulose (CMC) and its sodium salt change in irradiated water, increasing the viscosity of 
these high molecular mass compound solutions [18–20]. The change in the energy of solvatation processes in 
activated water can be the reason of the observed phenomena as a result of the strengthening of its 
supramolecular organization, which, in turn, determine the viscosity of polymer solutions, the rate and de-
gree of polymer expansion. 

The aim of this work was to study the effect of pH and preliminary irradiation of water with an electro-
magnetic field on the rate of gelation of gelatin solutions. 

Gelatin is a polydisperse mixture of polypeptides. It is formed from collagen with prolonged alkaline 
treatment of cartilage, tendons, bones, dermis with subsequent extraction with water at 50–100 °С [21]. 
Gelatin is a very promising matrix material for in vitro cell culture and tissue engineering. When forming a 
medical implant of soft tissue gelatin improves the mechanical properties of hydrogels. In the pharmaceutical 
industry gelatine is used to manufacture hard and soft capsules, in the production of artificial plasma extend-
ers, in the production of hemostatic agents, the hemostatic dressings. 

Experimental 

The high frequency generator G3–19A with an output power of 1 W and a range of variation of the fre-
quency from 30 to 200 MHz has been used as the source of the electromagnetic field. A 200 ml capacitive 
cell was used to expose water with EM field. 

We used deionized water purified by reverse osmosis, specific conductivity of which was 1.2 µs/m. 
Water samples were exposed with the field frequency of 130 MHz for 3 hours. The choice of EMFs frequen-
cy was due to previously conducted experiments, in which the exposure fields of the given frequency leads 
to significant changes in water properties (electrical conductivity, surface tension, heat and rate of evapora-
tion) [15–16]. Time of exposure has been also selected on the basis of previous studies. In this case, the ex-
posure efficiency is controlled by the value of the water specific conductivity, comparing its initial and finite 
value. As a result of field exposure, the electrical conductivity increased by 2.7±0.2 times. To prepare gelatin 
solutions, we used water kept in hermetically sealed plastic vessels for a week after irradiation. During this 
time, no relaxation of the electrical conductivity of water to the initial value was observed. 

2 % solutions of powdered food gelatin (GOST 11293–89) have been used for studies. The choice of 
the concentration is due to the fact that solutions of this concentration flow, gel slowly (over days) at room 
temperature and when the temperature drops to 15 °C gelation proceeds within 15–40 min, that allows to 
study the kinetics of this process. Solutions of gelatin were prepared in 2 stages. First a portion of gelatin was 
placed in 50.0 ml flasks. Then 20 ml of activated or non-activated water at room temperature was added and 
left to swell for 30–40 minutes. After that, the mixture was placed in a water bath (60–70 °C) and gelatin was 
dissolved with stirring until a clear solution. The resulting solutions were adjusted to the mark with water 
and cooled to room temperature. The required pH values were obtained by adding 0.1 M HCl or NaOH to the 
water used for the preparation of solutions. The acidity of the medium was controlled using the pH-meter 
"Anion 4100" with an accuracy of ± 0.05 рН units. Three series of parallel experiments were carried out. 

Determination of kinematic viscosity was carried out using flow-through capillary viscometer VPI-2 
with a capillary diameter d = 1,31 mm. The relative viscosity of solutions was calculated by the relative expi-
ration time out of the viscosimeter of the solution of gelatin and water. The rate of gelation was determined 
from the slope of the curve of the dependence of the gelatin solution relative viscosity on time at different 
pH. The gelation time was determined from the time the solution stopped flowing out of the viscometer. The 
study of the kinetics of the solutions gelation process was carried out at a temperature of 288 К (15 °С). The 
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required temperature was maintained with a TJ-TB-01 thermostat (temperature measurement accuracy 
±0.1 °С). 

Results and Discussion 

As a result of the studies, it was found that slowly (within a day) gelation of 2 % gelatin solution pro-
ceeds at T = 293 K, and the degree of their fluidity depends significantly on рН. Flowage or non-flowage of 
the obtained systems was estimated by the presence or absence of their outflow from the tube when it was 
turned over. The most solid gels are formed in the IEP when рН = 4.7. Noticeable differences in the physical 
state of the jellies have been observed in those prepared from the activated water (f = 130 MHz), and control 
samples (f = 0). Jellies, prepared from the non-activated water were turbid and fluent. They kept the fluidity 
regardless рН. The only jelle, obtained at рН = 10 was in non-flowing state. Jellies, prepared from activated 
water at all pH values except pH = 2 showed solid properties (Table 1) and were transparent. 

T a b l e  1  

State of the gelatin jellies at T = 293 K and 1 day after preparation 

рН 2.0 4.0 4.7 6.0 8.0 10 
State of jelly  
(f = 0) 

flowing slow-flowing slow-flowing slow-flowing flowing non-flowing 

State of jelly  
(f = 130 MHz) 

flowing non-flowing non-flowing non-flowing non-flowing non-flowing 

 
It is known that the structure is stabilized in jellies, which is appeared in the decrease of their flowage. 

After 4 days the non-activated systems became less fluid, and the activated kept a solid state and did not leak 
out of the vessels in which they were stored (Table 2). 

T a b l e  2  

State of gelatin jellies at T = 293 K and 4 day after preparation 

рН 2.0 4.0 4.7 6.0 8.0 10 
State of jelly  
(f = 0) 

slow-flowing slow-flowing slow-flowing slow-flowing slow-flowing non-flowing 

State of jelly  
(f = 130 MHz) 

flowing non-flowing non-flowing non-flowing non-flowing non-flowing 

 
Partial or full melting of the jellies occurred with the increase in temperature to 297 K, however, solid 

state remained for activated systems at pH = 4 and 4.7 (Table 3). 

T a b l e  3  

State of gelatin jellies at T =297 K 

рН 2.0 4.0 4.7 6.0 8.0 10 
State of jelly  
(f = 0) 

flowing flowing slow-flowing flowing flowing flowing 

State of jelly  
(f = 130 МHz) 

flowing non-flowing flowing slow-flowing slow-flowing slow-flowing

 
The kinetics of a 2 % solution of gelatin gelation at Т = 288 К has been studied. The obtained jellies 

were melted in water bath when heated and then quickly cooled in a thermostat to specified temperature. 
Cooling of the gelatin solutions was carried out in the viscometer. The viscosity of solutions was measured 
with an interval of 1 min when reaching T = 288 K. It was shown that the viscosity of the activated solutions 
and their rate of increase is much higher compared with control samples at all рН values. Only at pH = 2 the 
viscosity of the studied and control samples increased with the same rate, and along with this no gelation was 
observed within 1 hour. Figure 1 shows the kinetic curves of increase in the relative viscosity of the activated 
and non-activated gelatin solutions at рН = 10. 
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1 — non-activated water; 2 — activated water (130 MHz) 

Figure 1. Dependence of relative viscosity of 2 % solutions of gelatin on the time at T = 288 K and pH = 10 

It is known that gelation process runs faster in solutions of proteins of the same concentration, provided 
that the protein molecules have no electrical charge and they are less hydrated, i.e. they are in isoelectric 
state. Therefore, the rate of gelation depends on the acidity of the medium and best of all occurs at a pH cor-
responding to the isoelectric point (IEP) of the protein [21], which was confirmed by our experiments. Rates 
and time of gelation of polymer solutions at different pH values are presented in Table 4. 

T a b l e  4  

Rate (- d/ηdt) and time (t) of gelation of 2 % gelatin solutions at T =288 K 

рН 2.0 4.0 4.7 6.0 8.0 10 
(dη/dt)·10, min-1 

(f = 0) 
1.1±0.2 1.3±0.3 1.6±0.1 1.4±0.2 1.3±0.3 1.2±0.2 

(dη/dt)·10, min-1 

(f = 130 MHz) 
1.2±0.1 1.8±0.4 3.9±0.3 2.5±0.4 2.2±0.2 2.2±0.2 

t, min 
(f=0) 

- 42±4 19±2 24±3 36±2 48±5 

t, min 
(f = 130 MHz) 

58±3 18±1 11±1 13±3 18±2 16±2 

 
The fluidity of the jelly is determined by the strength of the bond that occurs between the polymer mac-

romolecules during the gelation process. The grid nodes can be caused by the hydrogen bonds, the interac-
tion of electric charges or dipoles and chemical bonds. The strength of the bonds in the jell is small in the 
case if this bond is hydrogen or electrostatic (dipole), and its ability to melting and decomposition increases. 
Gelatin jellies are good examples of such systems [21]. The macromolecules of proteins comprising gelatin 
are positively charged in the acidic medium due to the suppression of dissociation of carboxylic groups and 
protonation of amino groups; the force of electrostatic repulsion is high, which prevents the association of 
molecules and the formation of a polymer three-dimensional grid in an aqueous medium. Gelling does not 
occur in such case. The charge of macromolecules is small (or zero in the IEP at pH = 4.7) in weak acid and 
weak-alkaline medium, which leads to weakening of the electrostatic repulsive forces. As a result, the pro-
cess of formation of intermolecular bonds (dipole-dipole and hydrogen) is facilitated and the gelling of gela-
tin solutions occurs. The intensification of the gelling processes in water exposed to EMF may be due to the 
weakening of the hydration of ionogenic groups of the polymer due to increase of dipole-dipole interaction 
between water molecules. Strengthening the cohesive interaction in the aquatic medium was confirmed in 
[16]. The result is a reduction in the degree of dissociation of carboxylic groups and decrease in the total 
charge of the macromolecules, which contributes to their association and the formation of a structured sys-
tem. The well-known fact that the addition of salts containing well-hydrated ions (sulfates, citrates) to gelatin 
solutions accelerates this process, indicates the influence of the hydration degree of the polymers polar 
groups during gelling. The greater the ability of the ion to hydrate, the more active is the dehydration of the 
polymer macromolecules in its presence, what facilitates their connection to each other and the formation of 
a structured system. Thus, it can be assumed that the effect of EMF on water is similar to the effect of elec-
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trolyte additives. An increase in the viscosity of electromagnetic field solutions in activated water can also be 
a consequence of the enhancement of the macromolecules association due to the adhesion of their dehydrated 
sections. 

Conclusions 

The dependence of gelation of 2 % gelatin solution on pH at 293 and 297 K has been determined. It has 
been shown that solid systems are formed at pH = 4–6 and 10. Gelling does not occur at pH=2. 

Strengthening of the gelatine structuring in water, exposed to the electromagnetic field of 130 MHz fre-
quency was shown, that appears in the formation of solid systems at all pH values except pH=2. 

The kinetics of gelation of gelatin solutions according to the changes in relative viscosity during the 
time has been studied. The processes acceleration in activated water has been demonstrated. 
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И.Е. Стась, С.С. Павлова 

Желатин ерітінділерінің қатаюына рН пен суды  
электромагниттік өріспен өңдеудің əсері 

Гельдің түзілу жылдамдығы ортаның рН-ның əр түрлі мəндерінде желатин ерітіндісінің салыстыр-
малы тұтқырлығының уақытқа тəуелділік қисығы көлбеуімен анықталды. Т = 293 K кезінде 2 % 
желатин ерітінділерінің қатуы баяулайды, ал олардың аққыштық дəрежесі рН-қа байланысты. Ең 
берік желе рН = 4,7 изоэлектрлік нүктеде түзіледі. Сəулелендірілген суда дайындалған желе мен 
бақылау үлгілерінің физикалық жағдайында айтарлықтай айырмашылықтар байқалады. Сəулелен-
беген суда дайындалған желе неғұрлым жылжымалы жəне рН-қа қарамастан Т = 293 К кезінде 
аққыштықты сақтайды. Температура 297 К дейін көтерілгенде желе ішінара немесе толық балқиды, 
бірақ сəулелендірілген жүйелер үшін рН = 4 жəне 4,7 кезінде қатты күй сақталады. Бақылау 
үлгілерімен салыстырғанда сəулеленген ерітінділердің тұтқырлығы жəне оның өсу жылдамдығы 
рН = 2-ден басқа рН барлық мəндерінде жоғары екендігі көрсетілген. Байқалған құбылыстар 
сəулелендірілген судағы полимерлі макромолекулалардың гидратациясының əлсіреуіне байланысты 
болуы мүмкін, бұл олардың ассоциациясын жəне құрылымдық жүйенің қалыптасуын жеңілдетеді. 

Кілт сөздер: гель, желатин, гельдің түзілу жылдамдығы, салыстырмалы тұтқырлық, электромагниттік 
өріс, жиілік, ортаның қышқылдығы, сəулеленген су. 

 
И.Е. Стась, С.С. Павлова 

Влияние рН и обработки воды электромагнитным полем  
на застудневание растворов желатина 

Скорость гелеобразования определена по наклону кривой зависимости относительной вязкости рас-
твора желатина от времени при различных значениях pH среды. Установлено, что при Т = 293 К про-
исходит медленное застудневание 2 % растворов желатина, а степень их текучести существенно зави-
сит от рН. Наиболее прочные студни образуются в изоэлектрической точке при рН = 4,7. Наблюдают-
ся заметные различия в физическом состоянии студней, приготовленных на облученной воде, и кон-
трольных образцов. Студни, приготовленные на необлученной воде, более подвижны и сохраняют те-
кучесть при Т = 293 К независимо от рН. При повышении температуры до 297 К происходит частич-
ное или полное плавление студней, однако для облученных систем при рН = 4 и 4,7 твердообразное 
состояние сохраняется. Показано, что вязкость облученных растворов и скорость ее нарастания выше 
по сравнению с контрольными образцами при всех значениях рН, кроме рН = 2. Наблюдаемые явле-
ния могут быть обусловлены ослаблением гидратации макромолекул полимера в облученной воде, 
что облегчает их ассоциацию и образование структурированной системы. 

Ключевые слова: гель, желатин, скорость гелеобразования, относительная вязкость, электромагнитное 
поле, частота, кислотность среды, облученная вода. 
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Effect of modifiers on Fe-Pt/Al2O3 catalysts for alkanes hydrotreatment 

Zeolite-containing polyfunctional catalysts Fe-Pt/Al2O3 (КТ-17, КТ-18), modified with additives of molyb-
denum, phosphorus and cerium, were synthesized. The developed catalytic systems were studied in treatment 
of C14 alkane obtaining a gasoline fraction. Reaction products contain C4-C9 iso-alkanes, C10-C14 iso-
alkanes, C4-C10 alkanes, aromatic hydrocarbons and C1-C3 alkanes. In addition, 0.2–0.6 % of heavy hydro-
carbons was found in reaction products. The yield of C4-C9 iso-alkanes at 380 °C reached 37.9 %. By means 
of physical and chemical methods it has been found that the zeolite containing catalysts Fe-Pt /Al2O3 modi-
fied by various additives are complex systems. Micro-diffraction and Mossbauer spectroscopy methods al-
lowed detecting nanosized hetero clusters of Fe-Pt, Fe-Mo, Pt-Mo in catalysts structure. Depending on chem-
ical composition of clusters, particle size varies between 20 and 80 Ǻ. KT-18 catalyst demonstrates high ac-
tivity in the process of heavy alkanes treatment; sizes of platinum (d = 200 Å) and iron (d = 30–50 Å) parti-
cles were determined by electron microscopy. Activity of KT-18 catalyst is higher than that of highly dis-
persed KT-17. The main feature of KT catalysts is their polyfunctionality. During alkanes processing simul-
taneous and consecutive reactions of hydrocracking, dehydrogenation, isomerization, dehydro-cyclization and 
hydro-desulfurization take place. 

Keywords: hydro treatment, zeolite containing catalysts, modification, polyfunctionality, heavy alkanes, hy-
drocracking, hydrogenation, nanoclusters. 

 

Introduction 

The global trend in oil processing industry development is enhancing the depth of raw materials refin-
ing and to improve the quality and environmental characteristics of motor fuels through the use of catalytic 
systems, which allows obtaining valuable light fractions from heavy oil residues [1, 2]. 

Production of gasoline fractions from heavy oil is realized in several directions: thermal and catalytic 
cracking, hydrocracking [3, 4]. Currently, importance of hydrocracking process in oil treatment is relatively 
low [5]. Thermal and catalytic cracking of heavy oil is widely used in industry [6–9]. However, heavy oil 
cracking is characterized by obtaining great amount of olefins as a result of C-H bond breakdown [10]. 

According to the international regulations, content of olefins in gasoline must not exceed 15–18 % [11, 
12]. In future, limitations of olefins and aromatic hydrocarbons content in gasoline, in particular benzene 
concentrations, will become even stricter [13]. Olefins, aromatic hydrocarbons, isoalkanes and oxygen-
containing compounds in the form of methyl tert-butyl ether are octane components of gasoline. In this re-
gard, catalytic methods of heavy alkanes hydro isomerization and hydrocracking are widely discussed in lit-
erature in recent years [14–18]. Catalysts based on various 3d metals (Ni, Mo, Co, W, Fe, etc.) are used in 
heavy oil feedstock treatment processes [19–22]. 

                                                      
*Corresponding author. 
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Platinum-based zeolite containing catalysts [17, 23–25], which allow to rise light fraction yields are 
mainly used in heavy oil hydro treatment. 

The aim of the present work is to develop zeolite containing modified polyfunctional catalysts for heavy 
paraffins hydro processing and to study their properties and performance in tetradecane treatment process. 

Experimental 

Modified with additives of molybdenum, phosphorus and cerium zeolite-containing polyfunctional 
catalysts Fe(5 %)-Pt(0,4 %)/Al2O3 (КТ-17, КТ-18) were synthesized. KT-17 contains Mo, P and Ce as modi-
fying additives. KT-18 is modified with cerium and phosphorus. 

Properties of catalysts were studied by methods of Electron Microscopy, X-ray phase analysis, BET, 
IRS, Mossbauer spectroscopy. Genesis of catalyst was studied by Mossbauer spectroscopy method under 
varying conditions (t, air, H2). Isomeric shifts (IS) were performed according to α-Fe. 

Structure and dimensionality of metal particles, which are the active phase of catalysts, were tested in 
catalytic transformation of C14 alkanes obtaining gasoline fraction. Study was carried out in a stainless steel 
tubular reactor uniformly coated with electric heater. The reactor was filled first with 3 ml of quartz, then 
with catalyst (10 ml, d = 2–2.5 mm), pre-treated by hydrogen at 400 °C for 2 hours, and with 3 ml of quartz 
(particle size is 2–3 mm). 

Catalysts were studied in C14 treatment process at 280–400 °C temperature range, hydrogen pressure of 
2 MPa, H2:raw material ratio 200:1, and the volume rate of 5 h-1. 

0.83 ml / min of raw material was pumped to the reactor by drain pump. The reaction products were 
cooled and separated, liquid products were collected in the tank, and gas products were directed to gas meter. 

The hydrocarbon content of reaction products was analyzed in γ-aluminum oxide stainless steel column 
of Chrom-4 chromatograph (Supelco) with argon as carrier gas. 

Results and Discussion 

Specific surface area of synthesized catalysts, measured by the BET method, is 192.5 m2/g for KT-17 
and 222.7 m2/g for KT-18; porosity is 0.49 cm3/g and 0.48 cm3/g respectively (Fig. 1). 
 

 
a — KT-17; b — KT-18 

Figure 1. Porosity of catalytic systems 

The KT-17 sample contains two types of narrow and one type of wide pores (Fig. 1, a). Narrow pores 
are available for formation of light hydrocarbons. Wide pores improve the adsorption capacity of catalyst in 
relation to hydrocarbons processing. 

KT-18 catalyst has one type of narrow and wide pores available for adsorption and desorption of hydro-
carbons (Fig. 1, b). Adsorption and activation of hydrogen and formation of lower alkanes molecules as re-
sult of deep hydrocracking of feedstock can occur in narrow pores. 

Results of X-ray phase analysis show that catalyst KT-17 has structural elements of HZSM (reflexes 
11.4; 6.7; 3.9 Ǻ), Mo (reflex 2.30Ǻ) (ASTM 4–809) and γ-Al2O3 (reflex 1.98 Ǻ). Structural elements of 
HZSM (reflexes 3.84; 3.73 Ǻ) and Al2O3 (reflexes 2.26; 1.97; 1.40 Ǻ) were found in catalyst KT-18. 
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CeAlO3 compound (30–50 Ǻ) were also found in this catalyst. The detected structures have different dimen-
sions, mainly from 30 to 200 Ǻ. 

Catalysts were studied with Mossbauer spectroscopy method at varying conditions (t, Ar, H2, O2). 
Spectra of initial systems (KT-17, KT-18) are superpositions of two doublets corresponding to high-

spin states of Fe1
3+ and Fe2

3+ with similar values of isomeric shifts (0.30–0.31 mm/s), which are distin-
guished by quadruple splitting (QS): Fe1

3+ — 1,59 mm/s and Fe2
3+ — 0,95 mm/s. Fe1

3+/Fe2
3+ ratio is ∼ 2/3. 

Since the line width corresponding to these structures is large (0.64 mm/s), it can be assumed that the forms 
of Fe3+ represent a set of close states with approximately the same isomeric shift (IS) and different quadruple 
splittings due to differences in the environment of iron. 

The form with higher QS in KT-17 can be attributed to iron ions located on the surface of matrix. Val-
ues of isomeric shift raise with temperature growth, while the quadruple splitting practically does not change 
(Table 2). 

T a b l e  2  

Mossbauer parameters and relative amount (S, %) of different forms of iron in KT-17 catalyst in air  

Temperature, °С 
Fe1

3+ Fe2
3+ 

IS, mm/s QS, mm/s S, % IS, mm/s QS, mm/s S, % 
20 0.31 1.43 42 0.31 0.84 58 

100 0.27 1.40 42 0.27 0.85 58 
200 0.21 1.39 43 0.20 0.86 57 
300 0.14 1.43 42 0.14 0.85 58 
400 0.07 1.45 41 0.07 0.89 59 
500 0.02 1.39 45 0.00 0.94 55 

 
Reduction of iron in catalytic system KT-17 starts in hydrogen stream at 100 °C, forming up to 3 % of 

Fe2+ (Fig. 3). At 200 °С, ~ 27 % of Fe2+ in two states, corresponding to two initial states of Fe3+, is present in 
system. The Fe1

2+ form with high QS is located on the surface as well as Fe1
3+. At 400 °C, one form of Fe3+ is 

more deeply located in the carrier, and two forms of Fe2+ remain in the system. At 500 °C, system contains 
only two forms of Fe2+. 

Temperature decline from 500 to 100 °C (reverse) does not lead to new forms of iron (Table 3). How-
ever, redistribution of intensities of Fe2+ relative content signals takes place: the intensity of signal of iron 
form with higher QS increases, due to this effect’s dependence on temperature. This is explained by weak 
interaction of Fe1

2+ form with carrier, since it is located on the surface. One more form of iron with Mossbau-
er parameters which are characteristic for Fe-Pt clusters located on the surface appears in system at 20 °C 
(Table 3). 

T a b l e  3  

Mossbauer parameters and relative amount (S, %) of different forms of iron in KT-17 catalyst  
at varying temperature in hydrogen atmosphere 

t, °С 
Fe1

3+ Fe2
3+ Fe1

2+ Fe2
2+ Fe-Pt phase 

IS, 
mm/s 

QS, 
mm/s 

S, % 
IS, 

mm/s 
QS, 

mm/s 
S, %

IS, 
mm/s

QS, 
mm/s

S, %
IS, 

mm/s 
QS, 

mm/s 
S, % 

IS, 
mm/s 

QS, 
mm/s 

S, %

20 0.31 1.53 37 0.30 0.92 63          
100 0.25 1.45 45 0.27 0.87 52 1.22 2.78 3       
2001 0.21 1.42 37 0.20 0.85 37 0.94 1.99 15 0.86 1.32 11    
300 0.14 1.43 8 0.14 0.85 14 0.86 1.87 45 0.81 1.14 33    
4002    0.12 1.03 11 0.82 1.66 47 0.72 1.10 42    
500       0.75 1.55 41 0.65 1.09 59    
400       0.80 1.70 51 0.71 1.07 49    
300       0.88 1.73 63 0.75 1.19 37    
200       0.94 1.95 64 0.85 1.21 36    
100       1.02 2.11 69 0.90 1.34 31    
20       1.08 2.21 59 1.00 1.39 25 0.33 1.13 16 

——————— 
Notes: 1 — Fe2+ forms were not distinguished due to their small amounts at 200°С; 2 — Fe3+ forms were not distinguished due 

to their small amounts at 400 °С. 
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T a b l e  4  
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1 — NH3 adsorption at room temperature; 2 — evacuation; 3 — NH3 adsorption at t = 250 °С; 4 — evacuation 

Figure 7. IR spectra of NH3 adsorption on KT-17 catalyst 

On IR spectrum of ammonia adsorbed on KT-18 catalyst at room temperature (for 15 min), adsorption 
bands are fixed at 3420, 3350, 3270, 3200, 1720, 1620, 1500 and 1410 cm-1 (Fig. 8, spectrum 1). Adsorption 
bands at 3420, 3350 and 1620 cm-1 characterize Lewis acid centers, and adsorption bands at 3270, 3200, 
1720, 1500 and 1410 cm-1 refer to Bronsted acid centers. After the sample was evacuated, the adsorption 
bands were found at 1600 and 1450 cm-1 (Fig. 8, spectrum 2), they belong to the most active of Lewis and 
Bronsted acid centers. 

During the adsorption of ammonia on catalyst for 15 min at 250 °C, the adsorption bands were found at 
3550, 3450, 3300, 3160, 1620, 1560 and 1460 cm-1, which characterize the ammonia molecule coordination 
bounded with the Lewis centers (3450, 3300, 1620 cm-1), and indicate formation of ammonium ions — sur-
face reaction with the Bronsted centers (3550, 3160, 1560, 1460 cm-1) (Fig. 8, spectrum 3). After evacuation, 
adsorption bands are observed at 1600, 1450 cm-1 (Fig. 8, spectrum 4). 
 

 
1 — NH3 adsorption at room temperature; 2 — evacuation;  

3 — NH3 adsorption at t = 250 °С; 4 — evacuation 

Figure 8. IR spectra of NH3 adsorption on KT-18 catalyst 
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Process of tetradecane hydro treatment on KT-17 and KT-18 catalysts was studied. Conversion of 
tetradecane on KT-17 grows from 59.1 to 94.8 % with rising temperature (Table 5). Reaction products con-
tain C4-C9 iso-alkanes, C10-C14 iso-alkanes, C4-C10 alkanes, aromatic hydrocarbons and C1-C3-alkanes. In 
addition, 0.2–0.6 % of C14+ heavy hydrocarbons is found in reaction products. The yield of C4-C9 iso-alkanes 
at 380 °C reaches 37.9 %. It is known that gasoline fraction contains isoalkanes, n-alkanes, aromatic hydro-
carbons and olefins. When tetradecane is transformed, hydrocracking of tetradecane proceeds with formation 
of mainly iso- and n-alkanes, content of aromatic hydrocarbons varies from 3.3 to 0.7 %. 

The presence of C4-C9 normal and iso-alkanes, aromatic hydrocarbons, C1-C3 alkanes and C14+ hydro-
carbons in reaction products demonstrates that KT-17 catalyst provides the parallel flow of hydrocracking, 
hydro-isomerization, dehydro-cyclization and alkylation reactions, thus proving its polyfunctional properties. 
According to the content of reaction products, tetradecane is almost totally converted. Yield of gasoline frac-
tion is 67.9 % at 380 °C. 

T a b l e  5  

Tetradecane hydro treatment over KT-17 and KT-18 catalysts. P = 2MPa, V = 5 h-1, H2:raw materials = 200:1  

Products content, % 
Temperature of the process, °С 

280 300 320 350 380 400 
KT-17 

Conversion 59.1 68.6 71.5 75.0 91.4 94.8 
∑ С4-С9 iso-alkanes 35.3 31.3 33.4 32.4 37.9 36.2 
∑ С10-С14 iso-alkanes 3.3 2.2 1.9 1.6 1 1.1 
∑С1-С3 1.4 10.4 12.0 15.5 22.1 27.3 
∑ С4-С9 normal chain alkanes 15.2 21.1 20.5 23.4 28.3 29.3 
∑ aromatic hydrocarbons 3.3 3.2 3.3 1.8 1.7 0.7 
С14+ 0.6 0.4 0.4 0.3 0.1 0.2 
Initial tetradecane 40.9 31.4 28.5 25.0 8.6 5.2 
Yield of gasoline fraction 53.8 55.6 57.2 57.6 67.9 66.2 

KT-18 
Conversion 64,9 94.4 98.7 99.4 99.7 100 
∑ С4-С9 iso-alkanes 33.2 44.4 42.4 42.6 36.1 33.0 
∑ С10-С14 iso-alkanes 4.8 5.6 2.8 1.9 1.0 2.3 
∑С1-С3 4.9 9.5 12.9 22.6 27.8 28.2 
∑ С4-С9 normal chain alkanes 18.9 27.3 35.2 28.4 32.5 33.2 
∑ aromatic hydrocarbons 3.1 6.8 5.0 3.7 2.2 2.8 
Olefins - 0.8 0.4 0.2 0.1 0.5 
Initial tetradecane 35.1 5.6 1.3 0.6 0.3 traces 
Yield of gasoline fraction 55.2 79.3 83.0 74.9 70.9 69.5 
 

Conversion of tetradecane on KT-18 raises from 64.9 to 100 % with temperature growth from 280 to 
400 °С. Reaction products contain С4-С9 n-alkanes, С4-С9 and С10-С14 iso-alkanes, aromatic compounds 
(benzene, toluene, о- and p-xylenes) and olefins. Light С1-С3-hydrocarbons are presented with ethane, pro-
pane, ethylene and propylene; their yield rises from 4.9 to 28.2 % as temperature grows. The presence of the 
above mentioned organic compounds in reaction products indicates parallel sequential course of hydrocrack-
ing, dehydrogenation, isomerization, and alkylation reactions. 

In liquid products content of isoalkanes С4-С9 prevails in the whole temperature range, the maximum 
yield of which (44.4 %) is observed at 300 °С. Formation of heavy isoalkanes C10-C14 under these conditions 
does not exceed 5.6 %. Quantity of С4-С9 n-alkanes and aromatic compounds is equal to 35.2 % (t = 320 °С) 
and 6.8 % (t = 300 °С) respectively. At temperature growth above 300 °С yield of liquid products reduces 
and deep hydrocracking of tetradecane to C1-C3 hydrocarbons increases; concentration of these hydrocarbons 
at 400 °C rises to 28.2 % (Table 5). Yield of gasoline fractions is maximal at 320 °C (83.0 %). 

The temperature dependence of tetradecane conversion and isoalkanes С4-С9 output on KT group cata-
lysts is presented in Figure 9. 
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PH2 = 2 MPa; Vv = 5 h-1, H2:raw materials = 200:1 

Figure 9. Influence of temperature on tetradecane conversion on zeolite-containing Pt-Fe/Al2O3 catalysts 

 

 
PH2 = 2 MPa; Vv = 5 h-1, H2:raw materials = 200:1 

Figure 10. Influence of temperature on the output of isoalkanes С4-С9 at tetradecane transformation  
on zeolite-containing Pt-Fe/Al2O3 catalysts 

It is clear (Fig. 9 and 10) that KT-18 catalyst is more optimal in the whole temperature range. This is 
probably due to a certain dispersion state of platinum (d = 200 Å), as the adsorption and activation of high 
molecular weight alkanes require flat orientation at active centers located on smooth surface of zeolite or 
near the mouths of pores. Cavities with d = 56–53 Å, typical for ZSM-5 zeolite, are inaccessible for heavy 
alkane molecules. Electron microscopy method shows that part of platinum in KT-18 catalyst is localized on 
the surface of zeolite (Fig. 2, c). At 300 °C the yield of C4-C9 isoalkanes is 44.4 %. 

The observed direction of tetradecane transformations can be related to the combination of acid and hy-
dro-dehydrating properties of catalysts, due to localization of platinum and Fe-Pt clusters on crystalline sur-
face and in zeolite channels. It can be assumed that hydrocracking takes place on the active centers of Pt-
zeolite, which are formed on the external crystal structure of zeolite. Smaller fragments of surface-activated 
decomposition particles of heavy n-alkanes can migrate into zeolite channels, where mono- and bimetallic 
clusters of platinum and Fe-Pt, which take part in waterproofing and hydro-isomerization with formation of 
isoalkanes C4-C9, are localized. The low yield of C10-C15 isoalkanes can be explained by competitive hy-
drocracking reaction on platinum-promoted external crystalline surface of zeolite. Deep hydrocracking of 
heavy alkanes on active centers of catalyst becomes prevailing at high temperatures. Narrow size of channels 
(0.56–0.53 nm) of ZSM-5 zeolite complicates diffusion of large molecules of n-alkanes with high molecular 
weight. 
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Conclusions 

The synthesized catalysts can be referred to nanostructured and nanosized catalytic systems. Size of 
metal particles in catalysts varies from 20 to 100 Ǻ, at the same time particles with sizes of 150–200 Ǻ and, 
as an exception, of 300–500 Ǻ were found, in particular for molybdenum. 

Along with nanosized homonuclear particles of metals, heteronuclear clusters consisting of two differ-
ent elements are formed in the studied catalysts. Structure and dimension of Pt-Fe clusters depend on the na-
ture of promoting additives. Two structures of heteronuclear clusters were detected in KT-17 catalyst: Pt-Fe 
(d = 50–60 Ǻ) and Pt3Fe (d = 50–60 Ǻ). Along with iron, platinum forms heteronuclear clusters with molyb-
denum: Pt3Мо2, β-Pt3Мо (d = 80–100 Ǻ). 

Composition and structure of catalysts are greatly influenced by cerium, which, as a precursor, is pri-
marily responsible for high resistance of catalyst granules to abrasion, and secondly — cerium, forming vari-
ous compounds (Се6О11, CeP2, CeР, СеAlО3, Ce2O3, СеО2, Се(МоО4)2, Се2Мо3О12) prevents diffusion and 
agglomeration of platinum and iron particles. Metals of group VIII at high temperatures have a certain ten-
dency to sintering and crystallization. 

It follows from the analysis of structure and chemical composition of synthesized catalysts that acid ze-
olite centers, homo- and heteronuclear metal clusters are the active components involved in reaction of 
tetradecane transformation. It should be noted that acid and metal centers are located close to each other or 
combined into a single active center. This is confirmed by electron microscopy images. 

Scheme of the mechanism of tetradecane transformation: 
 

 
Hydrocracking reactions and dehydrogenation of n-alkanes into semi-hydrated form and olefins take 

place on the active centers after their recovery by hydrogen. Olefins are transformed on the Bronsted acid 
centers through carbenium-ion into isoolefins, which form isoalkanes interacting with M-Hads (M — metal). 

The proposed mechanism is confirmed by presence of olefins and surface activated complexes preced-
ing the formation of isoolefins in gaseous products С2-С4. Due to their transformation into iso-alkanes at 
subsequent stages, their presence in the final products of reaction is insignificant. 

Hydrogenation reactions of both iso-olefins and CH3- and other alkyl groups to light gaseous hydrocar-
bons take place with participation of hydrogen on the active centers of catalyst in parallel with isomerization. 
It is necessary to note formation of aromatic hydrocarbons (benzene, toluene, xylenes) along with the above 
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described reactions of tetradecant transformation. This reaction occurs mainly in high temperature area (350–
400 °C). It is assumed that mononuclear particles of platinum also take part in tetradecane dehydrocycliza-
tion and dehydrogenation. 

KT-18 catalyst demonstrates high activity in the process of heavy alkanes treatment; sizes of platinum 
(d = 200 Å) and iron (d = 30–50 Å) particles were determined by electron microscopy. Activity of KT-18 
catalyst was higher than that of highly dispersed KT-17, because flat clusters have to be situated near the ac-
tive sites of catalyst in order to destruct C4-C5 and C9-C10 bonds of C4-C9 normal and iso-alkanes. 

Gasoline fraction with an output from 30.2 to 83.0 % containing 17.7–42.4 % of isoalkanes, 1.7–5.0 % 
of aromatic hydrocarbons, 0.3–0.4 % of olefins and 10.5–35.2 % of С4-С9 n-alkanes was received at 
tetradecane hydro processing on КТ-18. 

In general, the process is carried out relatively easily in the presence of large particles of platinum, con-
centrated on the outer surface or in cavities of zeolite. 

Highly dispersed metal phase of HZSM zeolite cavities (53–56 Å) is not subjected to change and ad-
sorption of long-chain alkanes under soft conditions. 

The main feature of KT catalysts is their polyfunctionality. During alkanes processing simultaneous and 
consecutive reactions of hydrocracking, dehydrogenation, isomerization, dehydro-cyclization and hydro-
desulfurization take place. 

By means of physical and chemical methods it has been found that the zeolite containing catalysts  
Fe-Pt/Al2O3 modified by various additives are complex systems. Micro-diffraction and Mossbauer spectros-
copy methods allowed detecting nanosized hetero clusters of Fe-Pt, Fe-Mo, Pt-Mo in catalysts structure. De-
pending on chemical composition of clusters, particle size varies between 20 and 80 Ǻ. Catalysts are not ex-
posed to carbonization, they are stable and highly active, therefore these systems can be proposed for practi-
cal testing. 
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Модификаторлардың Fe-Pt/Al2O3 алкандарды гидроөңдеу  
катализаторларына əсері 

Молибден, фосфор жəне церий қоспаларымен модификацияланған құрамында цеолиті бар Fe-Pt/Al2O3 
(КТ-17, КТ-18) полифункционалды катализаторлары синтезделді. Модификациялық қоспалардың 
КT-17 жəне КT-18 каталитикалық қасиеттеріне əсері зерттелді. Əзірленген каталитикалық жүйелер 
бензин фракциясын алу үшін C14 модельдік алканды гидроөңдеу процесінде зерттелген. Реакция 
өнімдерінде С4-С9 изо-алкандар, С10-С14 изо-алкандар, С4-С10 алкандар, ароматты көмірсутектер жəне 
С1-С3 алкандар бар. Қайта өңдеу өнімдеріндегі ауыр көмірсутектердің құрамы 0,2–0,6 %. C4-C9 
алкандарының 380 °C температурада шығымы 37,9 % құрайды. Физика-химиялық зерттеу əдістерін 
қолдана отырып, əр түрлі қоспалармен модификацияланған, цеолитқұрамды Fe-Pt/Al2O3 катализатор-
лары күрделі каталитикалық жүйелер болып табылатындығы анықталды. Микродифракция жəне 
Мессбауэр спектроскопиясы əдістерімен катализаторлар құрылымындағы Fe-Pt, Fe-Mo, Pt-Mo нано-
өлшемді гетерокластерлері анықталды. Кластерлердің химиялық құрамына байланысты бөлшектердің 
мөлшері 20-дан 80 Ǻ-ге дейін өзгереді. КТ-18 катализаторы ауыр алкандарды өңдеу процесінде 
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жоғары белсенділік танытады. Электронды микроскопия əдісімен катализатордың құрылымы 
зерттелді, платина (d = 200 Å) жəне темір (d = 30–50 Å) бөлшектерінің өлшемдері анықталды. КТ-18 
каталитикалық жүйесінің белсенділігі КT-17 катализаторына қарағанда жоғары. КТ катализаторлары-
ның басты ерекшелігі — олардың полифункционалдылығы. Алкандарды өңдеу кезінде гидрокрекинг, 
дегидрогенизация, изомеризация, дегидроциклизация жəне гидрокүкіртсіздену реакциялары бір 
уақытта жəне дəйекті түрде жүреді. 

Кілт сөздер: гидроөңдеу, цеолитқұрамды катализаторлар, модификация, полифункционалдық, ауыр 
алкандар, гидрокрекинг, гидрлеу, нанокластерлер. 

 
А.К. Жумабекова, Л.К. Тастанова, Р.О. Орынбасар, Г.Д. Закумбаева 

Влияние модификаторов на Fe-Pt/Al2O3 катализаторы  
гидропереработки алканов 

Синтезированы цеолитсодержащие полифункциональные катализаторы Fe-Pt/Al2O3 (КТ-17, КТ-18), 
модифицированные добавками молибдена, фосфора и церия. Исследовано влияние модифицирующих 
добавок на каталитические свойства КТ-17 и КТ-18. Разработанные каталитические системы изучены 
в процессе гидропепеработки модельного алкана С14 с получением бензиновой фракции. В продуктах 
реакции содержатся изо-алканы С4-С9, изо-алканы С10-С14, алканы С4-С10, ароматические углево-
дороды и алканы С1-С3. Содержание тяжелых углеводородов в продуктах переработки — 0,2–0,6 %. 
Выход изо-алканов C4-C9 при температуре 380 °C составляет 37,9 %. С помощью физико-химических 
методов исследования установлено, что модифицированные различными добавками цеолитсодер-
жащие катализаторы Fe-Pt/Al2O3 представляют собой сложные каталитические системы. Методами 
микродифракции и Мессбауэровской спектроскопии в структуре катализаторов обнаружены нанораз-
мерные гетерокластеры Fe-Pt, Fe-Mo, Pt-Mo. В зависимости от химического состава кластеров размер 
частиц колеблется от 20 до 80 Ǻ. Катализатор КТ-18 проявляет высокую активность в процессе пере-
работки тяжелых алканов. Методом электронной микроскопии исследована структура катализатора, 
определены размеры частиц платины (d = 200 Å) и железа (d = 30–50 Å). Активность каталитической 
системы КТ-18 выше, чем у высокодисперсного катализатора КТ-17. Главной особенностью катализа-
торов КТ является их полифункциональность. При обработке алканов одновременно и последователь-
но протекают реакции гидрокрекинга, дегидрогенизации, изомеризации, дегидроциклизации и гидро-
обессеривания. 

Ключевые слова: гидропереработка, цеолитсодержащие катализаторы, модификация, полифункцио-
нальность, тяжелые алканы, гидрокрекинг, гидрирование, нанокластеры. 
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Salt tolerant acrylamide-based quenched polyampholytes for polymer flooding 

In our previous papers [1, 2] we considered the behavior of linear and crosslinked polyampholytes based on 
fully charged anionic monomer — 2-acrylamido-2-methyl-1-propanesulfonic acid sodium salt (AMPS) and 
cationic monomer — (3-acrylamidopropyl)trimethylammonium chloride (APTAC) in aqueous-salt solutions, 
swelling and mechanical properties. In the present paper we report the applicability of salt tolerant amphoter-
ic terpolymers composed of AMPS, APTAC and acrylamide (AAm) in enhanced oil recovery (EOR). The 
amphoteric terpolymers of different compositions, particularly [AAm]:[AMPS]:[APTAC] = 50:25:25; 
60:20:20; 70:15:15; 80:10:10 and 90:5:5 mol.% were prepared by free-radical polymerization, identified and 
their viscosifying ability with respect to reservoir saline water (salinity is 163 g⋅L-1) at 60 °C was tested. It 
was found that due to polyampholytic nature, the AAm-AMPS-APTAC terpolymers exhibited improved 
viscosifying behavior at high salinity water. As a result, the appropriate salt tolerant sample 
[AAm]:[AMPS]:[APTAC] = 80:10:10 mol.% was selected for polymer flooding experiments. Polymer flood-
ing experiments on high permeable sand pack model demonstrated that only 0.5 % oil was recovered by am-
photeric terpolymer. While injection of polyampholyte solution into preliminarily water flooded core sample 
resulted in the increase of oil recovery up to 4.8–5 %. These results show that under certain conditions the 
amphoteric terpolymers have a decent oil displacement ability. 

Keywords: polyampholyte terpolymers, viscosifying ability, high permeability, homogeneity, porous media, 
oil viscosity, incremental oil recovery (IOR), reservoir heterogeneity conditions. 

 

Introduction 

Oil and gas sector remains one of the main components of the economy of Kazakhstan, and its devel-
opment will determine the prospects for the state economy. The problem of enhanced oil recovery (EOR) is 
especially important for Kazakhstan to enter into the world’s top five oil exporters. 

Nowadays many water-soluble polymers have been intensively developed and explored as viscosity-
enhancing and flocculating agents, food additives, etc. [3–5]. Polyacrylamide and its derivatives have been 
successfully employed in wastewater treatment, papermaking and oil industry due to their thickening ability, 
flocculation and rheological behaviors [6–8]. 

The most widely used synthetic EOR polymer is polyacrylamide (PAA) and its derivatives [9–12]. This 
polymer is usually used in hydrolyzed polyacrylamide (HPAM) form to achieve higher viscosity within a 
certain range of brine salinities [13]. Unfortunately, HPAM may undergo a severe hydrolysis and precipitate 
at high temperature and brine salinity [14]. In this context, designing suitable polymers for EOR from high-
temperature and high-salinity reservoirs is a challenging task. In fact, relatively high oil viscosity and brine 
salinity are common phenomena for Kazakhstani oil reservoirs. For example, the viscosity of Karazhanbas 
field oil may be higher than 350 cp, while brine salinity of Zhetibay and Moldabek fields may exceed 
150 g·L-1. In polymer flooding technology, stable oil displacement is realized through the reduction of 
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oil/water viscosity ratio by using HPAM and other polymers [15]. Unfortunately, the high salinity of make-
up water requires higher polymer concentrations to provide a certain viscosity value [16], which may in-
crease the production cost of recovered oil. Moreover, high water salinity may cause polymer precipitation in 
the porous media of a rock, which results in permeability damage [14] and polymer waste. In order to over-
come these problems, we suggest to use as viscosifying agent (or water thickeners) the tailor made amphoter-
ic terpolymers AAm-AMPS-APTAC that possess the thermal stability and are able to swell and increase the 
viscosity in saline water due to specific, so called “antipolyelectrolyte” effect [17, 18]. Previous studies  
[19–21] indicated that many polymers containing AAm and ionic monomers can be used for EOR process 
[22–31]. 

In this work a series of ternary polyampholytes with different molar concentrations of AAm, AMPS, 
and APTAC were synthesized and tested as oil recovery agent by using sand pack model and artificial high 
porosity core. The obtained results are perspective for development of novel salt- and temperature tolerant 
amphoteric terpolymers for EOR. 

Experimental 

Materials 
Acrylamide (AAm, purity ≥98.0 %), 2-acrylamido-2-methylpropanesulfonic acid sodium salt (AMPS, 

98 wt.% in water) and (3-acrylamidopropyl) trimethylammonium chloride (APTAC, 75 wt.% in water), and 
ammonium persulfate (APS, 99 % purity) were purchased from Sigma-Aldrich Chemical Co. and used with-
out further purification. 

To provide the sand pack flooding experiments, 250–500 μm sand grains were packed into 8.3 cm 
length and 4.3 cm diameter steel cylinder (Fig. 1a, b). The porosity and permeability of the sand pack were 
equal to 44 % and 16 Darcy, respectively. The model was saturated with 100 g·L-1 East Moldabek 
(well#2092 M-II) brine and East Moldabek oil (well# 2027 M-III-U-I). The viscosity and density of oil sam-
ple were equal to 138 cp and 0.8916 g·cm-3 at 25 °C. Brine water solution was injected into the sand pack 
model at the rate of injection 0.1 cm3⋅min-1. 

The core flooding experiments were carried out with core sample of 4.4 cm length and 2.9 cm diameter 
with permeability 5 Darcy (Fig. 1c). The artificial high porosity core sample with pore volume 24.12 cm3 
(porosity is 83 %) and Karazhanbas oil (well# 1913) were used. Viscosity and density of selected oils were 
equal to 420 cp and 0.93 g·cm-3 at 30 °C and 64 cp and 0.907 g·cm-3 at 60 °C. Brine solution with concentra-
tion of 163 g·L-1 was used for core flooding test. 0.5 % polymer solution was injected into the core at the rate 
of 1 cm3⋅min-1. 
 

 
a b c 

Figure 1. Sand pack (a, b) and artificial high porous core (c) 

Methods 
1H NMR spectra of AMPS-APTAC-AAm terpolymers in D2O were registered on impulse Fourier NMR 

spectrometer Bruker 400 MHz (Bruker, Germany). 
The sand pack and core flooding experiments were conducted with the help of special core flooding set 

up "УИК-C(2)" (Russia). 
The viscosity of polymer solutions was determined by glass capillary viscometer with diameter 

1.47 mm. Oil density and viscosity were determined by Stabinger viscometer. 
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Conclusions 

Salt tolerant acrylamide-based quenched polyampholytes were synthesized from acrylamide (AAm), 
anionic (AMPS) and cationic (APTAC) monomer units by free radical polymerization. The compositions of 
amphoteric terpolymers were established by 1H NMR spectroscopy. Amphoteric terpolymers showed a good 
solubility in oilfield water with the salinity 163 g·L-1. Among the terpolymers the highest viscosity in brine 
exhibited amphoteric terpolymer AAm-AMPS-APTAC with composition 80–10–10 mol.%. Sand pack and 
core flooding experiments were carried out with 0.5 % of AAm-AMPS-APTAC (80–10–10 mol.%) solution 
in 163g·L-1 brine for Karazhanbas oil at 60 °C. In sand pack flooding experiments, the injection of different 
AAm-AMPS-APTAC recipes resulted in only 0.5 % ORF increase. However, in the core flooding tests the 
injection of AAm-AMPS-APTAC (80–10–10 mol.%) solution resulted in 4.8–5 % ORF increase. The in-
crease of pressure drop during polymer flood indicated improvement the mobility ratio in comparison with 
water flooding. 

This research has been funded by the Science Committee of the Ministry of Education and Science of 
the Republic of Kazakhstan (Grant No. AP08855552). 
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Н. Мұхаметғазы, И.Ш. Гусенов, А.В. Шахворостов, С.E. Кұдайбергенов  

Тұзғатөзімді акриламид негізіндегі жоғары зарядталған  
полиамфолиттерді жер қыртысына айдау 

Алдыңғы мақалаларда авторлар толығымен зарядталған анионды мономер — 2-акриламидо-2-метил-
1-пропансульфон қышқылы натрий тұзы (АМПС) жəне катионды мономер — (3-акриламидо-
пропил)триметиламмоний хлориді (АПТАХ) негізінде түзілген сызықты жəне айқаса байланысқан 
полиамфолиттердің сулы-тұзды ерітінділердегі ісінуі жəне механикалық қасиеттерін қарастырды. Осы 
мақалада мұнай өндіруді жақсартылған қалпына келтіру кезінде АМПС, APTAХ жəне акриламидтен 
(AAм) тұратын, тұзғатөзімді амфотерлі терполимерлердің қолданылу мүмкіндігі туралы хабарланған. 
Əр түрлі құрамдағы амфотерлі терполимерлер, атап айтқанда [AAм]:[AMПС]:[APTAХ] = 50:25:25; 
60:20:20; 70:15:15; 80:10:10 жəне 90:5:5 мол.% бос радикалды полимерлеу əдісімен дайындалды, 
анықталды жəне олардың 60 °С температурада тұзды суға (тұздылығы 163 г⋅л-1) қатысты тұтқырлық 
қабілеті тексерілді. Амфотерлі терполимерлер полиамфолиттік сипатта болғандықтан, AAм-AMПС-
APTAХ терполимерлері тұздылығы жоғары суларда жоғары тұтқырлық қасиеттерін көрсетті. Соның 
нəтижесінде, тұзғатөзімді [AAм]: [AMПС]:[APTAХ] = 80:10:10 мол.% үлгісі полимерді айдау 
тəжірибесі үшін таңдап алынды. Полимер ерітіндісін айдау тəжірибесі жоғары өткізгіштігі бар құмды 
модельде амфотерлі терполимердің көмегімен тек 0,5 % мұнайдың алынған шығымын көрсетті. 
Алдын-ала сумен қаныққан керн үлгісі арқылы полиамфолит ерітіндісін айдау барысында мұнай 
өндірудің жоғарылауы 4,8–5,0 % дейін артты. Бұл нəтижелер амфотерлі терполимерлердің белгілі бір 
жағдайларда мұнайды ығыстыру қабілетіне ие екендігін көрсетеді. 

Кілт сөздер: полиамфолит терполимерлері, тұтқырлық қабілеті, жоғары өткізгіштігі, біртектілігі, 
кеуекті орта, мұнай тұтқырлығы, мұнай өндірудің жоғарылауы, қабаттың біртектілігі. 

 
Н. Мухаметгазы, И.Ш. Гусенов, А.В. Шахворостов, С.Е. Кудайбергенов  

Солеустойчивые сильнозаряженные полиамфолиты  
на основе акриламида для полимерного заводнения 

В предыдущих статьях авторами рассмотрены поведение линейных и сшитых полиамфолитов на ос-
нове сильнозаряженного анионного мономера — натриевой соли 2-акриламидо-2-метил-1-про-
пансульфоновой кислоты (АМПС) и катионного мономера — (3-акриламидопропил)триметил-
аммоний хлорида (АПТАХ) в водно-солевых растворах, набухание и механические свойства. В на-
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стоящей статье сообщается о применимости солестойких амфотерных терполимеров, состоящих из 
АМПС, АПТАХ и акриламида (ААм) для полимерного заводнения. Амфотерные терполимеры раз-
личного состава, а именно [ААм]:[АМПС]:[АПТАХ] = 50:25:25; 60:20:20; 70:15:15; 80:10:10 и 
90:5:5 мол.%, были приготовлены свободнорадикальной полимеризацией, идентифицированы и их за-
гущающая способность протестирована применительно к пластовой (соленой) воде нефтяного резер-
вуара (соленость 163 г⋅л-1) при 60 °C. Найдено, что благодаря полиамфолитной природе терполимеры 
ААм-АМПС-АПТАХ показали улучшенный загущающий эффект при высокой солености воды. В ре-
зультате этого для экспериментов по полимерному заводнению выбран солестойкий образец 
[ААм]:[АМПС]:[АПТАХ]: = 80:10:10 мол.%. Полимерное заводнение на высокопроницаемой песча-
ной модели показало, что только 0,5 % нефти извлекается амфотерным терполимером. Тогда как за-
качка раствора полиамфолита в образец керна, предварительно насыщенного водой, приводит к уве-
личению извлечения нефти до 4,8–5,0 %. Эти результаты показывают, что при определенных услови-
ях амфотерные терполимеры способны в достаточной степени извлекать нефть. 

Ключевые слова: терполимеры полиамфолитов, загущающая способность, высокая проницаемость, 
однородность, пористая среда, вязкость нефти, увеличение нефтеотдачи, условия неоднородности 
пласта. 
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Development of the orodispersible films based on CO2 extract  
of Ziziphora bungeana with antimicrobial activity 

The present work was intended to develop the new drug in the form of film soluble in the oral cavity: devel-
opment of its composition, production technology, the study of its antimicrobial activity. The relevance of the 
problem is caused by the absence of drugs in the form of films on the domestic pharmaceutical market. The 
optimal composition of films was selected by evaluating a number of physical, chemical and technological 
indicators of the obtained films. The article indicates the materials used to obtain the drugs in question, pre-
sents the technology for their preparation and quality determination methods: unit measurement methods and 
potentiometric determination of pH, tensiometric and conductometric methods, thin-layer and gas chromatog-
raphy and others. Antimicrobial activity of the resulting films has been proven in vitro. Staphylococcus 
aureus ATCC 6538-p and Escherichia coli ATCC 8739 have been used as the test microorganisms in order to 
study them by disk diffusion method in agar. The introduction of СО2 extract of Z. bungeana from medicinal 
plant raw materials as active ingredients in medicinal films will expand the range of complex 
phytopreparations of the domestic pharmaceutical market for the treatment of inflammatory diseases of the 
oral mucosa. 

Keywords: СО2 extract of Ziziphora bungeana, orodispersible phytofilm, film composition, phytofilms, the 
parameters of the technological mode, technological process, antimicrobial activity, test microorganisms. 

 

Introduction 

Currently, the main spectrum of pharmaceutical research is aimed at finding new medications improv-
ing the existing ones and creating drug delivery systems. One of the most promising therapeutic agents are 
medicinal films based on biologically active compounds of plant origin and informally called "phyto films" 
[1]. The oral mucosa has recently become increasingly important as an alternative route of administration for 
individual, controlled drug delivery. Multilayer films on mucous membranes, referred to the monograph of 
oromucosal drugs in the European Pharmacopoeia, have the advantages of a dosage form and satisfy the re-
quirements associated with this place of drug delivery [2]. 

Orally dispersible films (ODF) have recently become one of the most popular forms of drug administra-
tion due to their superior convenience and patient compliance. The main advantage of the dosage form arises 
from its rapid disintegration: it can be taken without water. Compared to conventional oral dosage forms, 
ODF generally provides a better drug bioavailability with a faster onset of action. In addition, ODFs are flex-
ible [3]. 

Medicinal films (MF) are polymeric elastic plates of oval or rectangular shape with equal edges and a 
flat surface of various sizes and thicknesses. They are a type of transdermal therapeutic systems (TTS). The 
difference between Phytofilms and synthetic polymeric therapeutic systems are following: phytofilms are 
made in the form of a TTS (transdermal therapeutic system) matrix on carriers of natural origin (gelatin, col-
lagen, sodium alginate, agar-agar, etc.), which makes them safer and more compatible with a living organ-
ism (1). 

Despite the above advantages of films, only one of the drugs in the form of a film belonging to the ATC 
classification, G04BE03, is registered in the State Register of the Republic of Kazakhstan with the trade 
name Viniks, produced by si.L.Farm Co., LTD, Republic of Korea. In other groups of the ATC classifica-
tion, there are no drugs in the form of a film [4]. The development of films is the most pressing problem in 
dentistry. Their use makes it possible to treat diseases associated with inflammatory periodontal diseases, 
such as gingivitis, periodontitis, periodontal disease, etc. 

In this regard, the purpose of our activity was to develop the composition, technology and quality as-
sessment of films with antibacterial and anti-inflammatory properties, thanks to the use of a CO2-extract of 
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the plant Z. bungeanaJuz family Lamiaceaeas their basis [5]. Ziziphora phytochemicals include monoterpene 
essential oils, triterpenes, and phenolic substances belonging to flavonoids. In Kazakh traditional medicine, 
Ziziphora species are used for several medicinal purposes. In particular, Z. bungeana Juz. and Z. clino-
podioides Lam. are used for treating diseases associated with the cardiovascular system, or to fight various 
infections [6]. To emphasize the natural origin of the base of the films, we named them orodispersephyto 
films (hereinafter referred to as films). 

Experimental 

The CO2 extract of the medicinal plant material Z. bungeana was used as an active substance. To select 
the optimal composition, we studied about 54 film-forming compositions of biodegradable polymers and 
plasticizers. The latter were of natural and synthetic origin and represented different ratios of film-forming 
agents and plasticizers. 

The selection of the optimal composition of the film, providing the necessary technological and con-
sumer properties, was carried out in 2 stages [7]. At the first stage, an experiment was carried out to select 
excipients (films and plasticizers) that can form a matrix film for the subsequent administration of drugs. The 
film-forming properties of polymer solutions at various concentrations were studied during the experiment. 
The polymers were of various origins (natural and synthetic) and production (domestic and foreign). The 
criterion for choosing film compositions at the initial stage was a satisfactory appearance: transparency, elas-
ticity, uniformity, the absence of microcracks and tears in the film. Glycerin was added to all bases as a plas-
ticizer. Based on a preliminary study, 6 compositions out of 54 were selected. The rest of the models did not 
correspond to such technological parameters as mechanical strength, solubility, elasticity, etc. The selected 
models are presented in Table 1. 

T a b l e  1  

Selected films forming compositions 

Base No. 1 model No. 2 model No. 3 model No. 4 model No. 5 model No. 6 model
MC, g – – 15 – – – 
PVA, g – 15 – – – – 
PVP, g 30 – – – – – 
Sodium alginate, g – – – – – 4.0 
Sodium CMC, g – – – 3.0 – – 
Natrosol250G, g – – – – 3.0 0 
СО2 extract of Z. bungeana, g 1.5 1.5 1.5 1.5 1.5 1.5 
Glycerin, g 1.5 1.5 1,5 1.5 1.5 1.5 
an aqueous solution of gelatin, % 15 15 15 15 15 15 
40 % ethanol 15 15 15 15 15 15 
Purified water up to 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 50 ml 
 

The films were evaluated according to the following criteria: physical characteristics (color, odor, size 
and shape); average weight; solubility; pH of the aqueous solution; microbiological purity; weight loss on 
drying; authenticity. In addition, the criteria for evaluating the quality of the films included such technologi-
cal parameters as vapor permeability, mechanical tensile strength, shell thickness, weight loss on drying, and 
dissolution time. Harrington's method of generalized preference function was used to statistically process the 
experimental results. Based on the results of the final activity, 3 compositions of bases No. 1, No. 3 and 
No. 6 were selected according to the characteristics of the films. 

The second stage of the study was the selection of the optimal composition of the matrix film by the 
method of mathematical planning. The selection criteria were the following parameters of the film quality: 
the pH value of the aqueous solution, thickness and moisture content (Table 2). 

According to the results of the second stage of research, the composition of samples No. 1 and No. 6 
did not correspond to the main technological parameters — the indicator of dissolution and pH of the 
aqueous solution. 

A certain contribution to the kinetics of drug release is made by the process of edema of high molecular 
weight substances (HMS). In the films based on natrosol 250G, Sodium CMC and Sodium alginate, small 
edema is observed, and in films based on PVA, PVP, moderate edema of the film based on MC is observed. 
At the same time, model No. 3 based on MK demonstrated the optimal composition. On the basis of this 
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model, an elastic, homogeneous, colorless and transparent film corresponding to the technological 
parameters was obtained (Table 3). The film sample contains the active pharmaceutical ingredient — 
CO2-extract of the plant Z. bungeana, the antimicrobial properties of which are determined by the high 
content of pulegon. 

T a b l e  2  

Technological parameters of dispersed films 

No. 
model 

Thickness,  
mm 

Dissolution time, 
min 

Humidity,  
% 

рН 
Mechanical 

strength, kg/m2 
Average weight, 

g 
1 0.15 ± 0.015 3.45 ± 0.1 9.81 ± 0.1 8.05 ± 0.07 8.7±0.2 0.049 ± 0.003 
2 0.3 ± 0.1 4.30 ± 0.2 5.52 ± 0.1 5.09 ± 0.07 4.7±0.2 0.349 ± 0.002 
3 0.25 ± 0.015 2.50 ± 0.1 9.93 ± 0.1 6.14 ± 0.03 9.2±0.1 0.251 ± 0.015 
4 0.169 ± 0.016 6.47 ± 0.1 10.47 ± 0.1 4.2 ± 0.01 5.6±0.3 0.153 ± 0.015 
5 0.159 ± 0.015 4.10 ± 0.1 18 ± 0.1 8.0 3.1±0.3 0.142 ± 0.004 
6 0.2 ± 0.01 4.37 ± 0.1 10.12 ± 0.1 7.3 ± 0.5 9.8±0.3 0.047 ± 0.004 

 

T a b l e  3  

The optimal composition of the film based on CO2 extract of Z. bungeana 

The name of the ingredient ND (Normative document) Quantity, % Functional purpose 

Water solution of gelatin 30 % 
SPRK (State pharmacopoeia 
of Republic of Kazakhstan) 

30 % Film-forming 

Water solution of MC5 % SPRK 30 % The adhesive component 
40 % ethanol SPRK 30 % Solvent 
Glycerin SPRK 2 % Plasticizer 
CO2 extract of Z. bungeana SPRK 3 % Active substance 
Purified water SPRK up to 100 ml Solvent 
 

The selection criterion for the films based on Z. bungeana CO2 extract was a satisfactory appearance 
(transparency, elasticity, uniformity, absence of microcracks), sufficient, flexible and satisfactory bending 
strength. The films are uniform in thickness and weight. 

The method of making a long-acting medicinal film consisted of 3 stages: preparation of the composi-
tion; deaeration and pouring into a special mold; drying and cutting. 

Description of the technological process. Aqueous solutions of gelatin 30 % and MC5 % were mixed 
with the prepared components at a temperature of 40 °C, and thoroughly mixed with the addition of glycerin. 
The resulting mixture was heated to 40 °C and the drug substance was added there to. Then 40 % ethanol 
was added. By thoroughly mixing the components (exposure in a water bath at 40 °C for 30 minutes, rotation 
of the blades 20 ± 5 rpm), we obtained a homogeneous composition. To avoid the formation of air bubbles, 
centrifugation was carried out for 2 hours. The mixture was poured into a special mold, dried at a tempera-
ture of 40–45 °C to 10 % residual moisture. After drying, the films were cut into medium therapeutic doses 
of 1×2 cm. In practice, films dried at room temperature acquire a high-quality appearance. The films were 
packed with aluminum foil. The final product was placed in a box along with instructions for medical use. In 
appearance, the films are elastic plates of light yellow color with a specific odor, without mechanical damage 
and air bubbles: width (1 ± 0.2) cm, length (2 ± 0.2) cm, thickness (0.253 ± 0.015) mm (Fig. 1). 
 

 

Figure 1. Orodispersible film obtained on the basis of Z. bungeana extract by pour method 
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Determination of the average mass. The average mass of a 1×2 cm film sample (an average therapeutic 
dose) was determined by measuring 10 films with an accuracy of 0.0002 g. The mass of an individual film 
was determined by a single measurement of 20 samples with an accuracy of 0.0002 g. 

The permissible deviation in weight for films is up to 0.1 g and not less than ± 10 % [9]. 
Determination of thickness. The film thickness was measured with a MKTs-25 micrometer 

(GOST 6507–90). 
Film disintegration time. The solubility of polymer films is the main criterion for the functional suita-

bility of this dosage form and characterizes the ability of the film to be completely absorbed by biological 
body fluids. The process of dissolution of polymer films should be limited by the time required for the grad-
ual release of the active substance and ensuring its constant concentration over a given period. The dissolu-
tion time of the films depends on the hydrophilicity of the selected polymer. A sample of 1×2 cm film was 
dissolved at room temperature in 2.5 ml of purified water to avoid adhesion to the wall of the glass tube, and 
the time of complete dissolution of the film was measured using a stopwatch [10]. 

The pH of the aqueous solution was determined by the method of potentiometric determination of pH 
(IP RK I, vol. 1, 2.2.3.). A film sample weighing 0.5 g was dissolved at room temperature in 50 ml of puri-
fied water, stirred, and the pH of an aqueous film solution was recorded. 

This indicator allows predicting the irritant effect of the dosage form. The pH of the film should be 
closer to that of an aqueous solution of fluid from a wound, fluid of the oral mucosa, pH of an aqueous fluid, 
which is 6.5–7.2 [11]. 

Microbiological testing of film materials based on Z. bungeana CO2-extract. There are a number of re-
quirements for biomedical polymer matrices. One of them is the antimicrobial activity of the material, which 
is determined by its ability to slow down the growth of microorganisms. The comparative microbiological 
tests were carried out in order to study the bactericidal activity of the obtained films on the basis of the CO2 
extract of Z. bungeana. As a control model, we used CPF, which exhibits antibacterial activity against 
Staphylococcus aureus ATCC 6538-p and Escherichia coli ATCC 8739: these strains are sensitive to this 
antibiotic. The test microorganisms were investigated by the agar diffusion method using Staphylococcus 
aureus ATCC 6538-p and Escherichia coli ATCC 8739. Figure 2 shows the results of the microbiological 
tests. 
 

 

Figure 2. Zone of inhibition of the films against Staphylococcus aureus  
and Escherichia coli bacteria 
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Results and Discussion 

As a result of the conducted research aimed at creating orodispersephy to films, matrices were obtained, 
which in appearance were films characterized by colorless or transparent, odorless, mechanical inclusions 
and air bubbles, good elasticity and good adhesion. The established experimental values of the indicators 
prove a satisfactory quality of the matrices as a rationality criterion for the composition of the developed 
films. An optimal composition of the films with gelatin as a polymer material has been developed and quali-
ty indicators have been determined. 

Based on the transdermal therapeutic system, polymeric water-dispersible films have been obtained, 
which have a long-term therapeutic effect. 

The results of experimental studies on the creation of medicinal films based on products of natural 
origin, i.e., phytofilms dispersed in water, make it possible to develop an optimal composition of medicinal 
preparations in the form of films with prolonged release of the active substance. 

An elastic, homogeneous, colorless, transparent film corresponding to the technological parameters was 
obtained on the basis of model No. 3 (based on MC), which has an optimal composition with respect to ede-
ma of high molecular weight substances (HMS). In films on a different basis, either slight or moderate ede-
ma was observed. 

The film compositions based on PVA, based on Sodium CMC and based on Natrosol 250G (formula-
tions No. 2, No. 4, No. 5) did not meet the uniformity requirements due to the uneven distribution of parti-
cles and agglomerates formed in the sample based on sodium CMC. In addition, the degree of adhesion to 
the mucous layer was low. 

Conclusions 

The studies carried out during the development of new drug form and obtaining the product, as well as 
evaluating a number of physical, chemical and technological indicators allow making next conclusions: 

− The choice of the optimal composition of the films and the assessment of the obtained orodisperse 
phytofilms should be done on the basis of a number of physicochemical and technological parameters. It is 
advisable to focus on the following indicators studied during biopharmaceutical research on the choice of the 
films composition and during step-by-step control during the production process: film thickness — 0.15–
0.30 mm, pH of an aqueous solution — 6.0–7.2, the dissolution time is not less than 3 minutes [8], the mass 
loss (moisture content) is 8–10 % during drying. 

− It is necessary to take into account the relationship between the kinetics of drug release and swelling 
of high molecular substances (HMS) during the choice of films optimal composition. 

− Films based on Z. bungeana CO2 extract have increased antimicrobial activity against the gram-
negative strain of Escherichia coli and the gram-positive strain of Staphylococcus aureus. 

− Films with MC (0.1 % w/v CPF) have a high antibacterial activity of Staphylococcus aureus ATCC 
6538-p and Escherichia coli ATCC 8739. 

− The high antibacterial activity of the film is explained by the presence of an active pharmaceutical 
ingredient in it — CO2-extract of the Z. bungeana plant with a high content of pulegon. 

− The developed films have the duration of action and the accuracy of the dosage of the active sub-
stance which is advantage of such dosage forms. 

− The introduction of Z. bungeana CO2 extract from medicinal plant materials as the active ingredient 
in medicinal films will expand the range of complex phytopreparations of the domestic pharmaceutical mar-
ket for the treatment of inflammatory diseases of the oral mucosa. 
 
 

References 

1 Lindret, S., & Breitkreutz, J. (2016). Oromucosal multilayer films for tailor-made, controlled drug delivery. Chemistry of 
Natural Compounds, 14(11), 1265–1279. 

2 Carolina, J.V., Gabriela, E., Wouter, L.J., Raymond, R. T., Avanti, C., & Henderik, W. (2017). Development of 
orodispersible films with selected Indonesian medicinal plant extracts. Journal of Herbal Medicine, 7, 37–46. 

3 Yeongbin, L., Kim, K., Kim, M., Hyung, C., & Seong, H. J. (2017). Orally disintegrating films focusing on formulation, 
manufacturing process, and characterization. Journal of Pharmaceutical Investigation, 47, 183–201. 

4 State register of medicines, medical devices and medical equipment of the Republic of Kazakhstan. ndda.kz. Retrieved from: 
https://www.ndda.kz/category/search_prep 



Development of the orodispersible films … 

CHEMISTRY Series. No. 4(100)/2020 133 

5 Srivedavyasasri, R., Zhaparkulova, K.A., Sakipova, Z.B., Ibragimova, L., & Ross, S.A. (2018). Phytochemical and biological 
studies on Ziziphorabungeana. Chemistry of Natural Compounds, 54(1), January. 

6 Šmejkal, K., Malaník, M., Zhaparkulova, K., Sakipova, Z., Ibragimova, L., & Ibadullaeva, G. (2016). Kazakh Ziziphora Spe-
cies as Sources of Bioactive Substances. Molecules, 21, 826. 

7 European Pharmacopoeia: Edition 8. Volume 2 (2016). European Pharmacopoeia Commission. Strasbourg, France. Europe-
an directorate for the quality of medicines (EDQM), 4257–4259. 

8 Senel, S., Cansiz, M., & Rathbone, M.J. (2014). Delivery of biopharmaceuticals: vaccines and allergens, in Mucosal delivery 
of biopharmaceuticals (J. das Neves and B. Sarmento Eds.). New York: Springer. 

9 Silva, B.M.A., Borges, A.F., Silva, C., Coelho, J.F.J., & Simoes, S. (2015). Mucoadhesive oral films: The potential for unmet 
needs. Int. J. Pharm., 494 (1), 537–551. 

10 Krampe, R., Sieber, D., Pein-Hackelbusch, M. & Breitkreutz, J. (2016). A new biorelevant dissolution method for 
orodispersiblefilms. Eur. J. Pharm. Biopharm., 98, 20– 25. 

11 Borges, A.F., Silva, C., Coelho, J.F.J., & Simoes, S. (2015). Oral films: current status and future perspectives II-Intellectual 
property, technologies and market needs. J. Control Release, 206, 108–121. 

 
 

Қ.А. Жапаркулова, Г.М. Ғани, З.Б. Сакипова, А.А. Караубаева 

Ziziphora bungeana өсімдігінің сығындысы негізінде антимикробты  
қасиетке ие ородисперсті қабықшаларды əзірлеу 

Мақалада ауыз қуысында еритін (ородисперсті) пленка түріндегі жаңа дəрілік препараттың жасалу 
жолы ұсынылған: препараттың құрамын жасау, пленканы алу технологиясын əзірлеу жəне оның 
микробқа қарсы белсенділігін зерттеу. Зерттеу жұмысының өзектілігі Қазақстанның фармацевтикалық 
нарығында пленка түріндегі дəрілік препараттардың болмауымен түсіндіріледі. Алынған қабықша 
физико-химиялық жəне технологиялық көрсеткіштер бойынша бағаланды, олардың нəтижелері 
бойынша фитоқабықшаның оңтайлы құрамы таңдалды. Мақалада дəрі-дəрмектерді алу үшін 
пайдаланылған материалдар, қабықшаны алу технологиясы жəне сапаны анықтау əдістері: пленканың 
рН-н анықтау, жеке өлшеу, потенциометриялық анықтау, тензиометриялық жəне кондуктометриялық 
əдістер, жұқа қабықты жəне газды хроматография жəне басқа əдістер ұсынылған. Алынған 
фитоқабықшаның микробқа қарсы белсенділігі In vitro жағдайында дəлелденді. Тест-
микроорганизмдер ретінде Staphylococcus aureus ATCC 6538-p жəне Escherichia coli ATCC 8739 
пайдалана отырып, агарда дискті-диффузды əдіспен зерттелді. Белсенді зат дəрілік өсімдік шикізаты 
Z. bungeana СО2 сығындысы негізінде жасалған дəрілік қабықшаларды отандық фармацевтикалық 
нарыққа енгізу ауыз қуысының қабыну ауруларын емдеуге арналған кешенді фитопрепараттарын 
ассортиментін кеңейтеді. 

Кілт сөздер: Зизифора Бунгенің СО2-сығындысы, ауыз қуысында еритін дисперсті фитопленка, 
пленка құрамы, фитопленка, технологиялық режимнің параметрлері, технология, микробқа қарсы 
белсенділігі, тест-микроорганизмдер. 
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Разработка ородисперсных пленок на основе СО2-экстракта  
Ziziphora bungeana с антимикробной активностью 

В статье представлена разработка нового лекарственного препарата в форме растворимой в полости 
рта (ородисперсируемой) пленки: разработка состава, технологии получения, изучение ее антимик-
робной активности. Актуальность разработки данной лекарственной пленки объясняется отсутствием 
лекарственных препаратов в форме пленок на фармацевтическом рынке Казахстана. Полученную 
пленку оценивали по ряду физико-химических и технологических показателей, по результатам кото-
рых был выбран оптимальный состав фитопленок. Авторами указаны использованные материалы для 
получения лекарственных препаратов, представлена технология их получения и методы определения 
качества: методы единичного измерения и потенциометрического определения рН, тензиометриче-
ский и кондуктометрический методы, тонкослойная и газовая хроматография и др. Противомикробная 
активность полученных фитопленок доказана in vitro. Тест-микроорганизмы изучали диско-
диффузионным методом в агаре. В качестве тест-микроорганизмов использовали Staphylococcus 
aureus ATCC 6538-p и Escherichia coli ATCC 8739. Внедрение СО2 экстракта Z. bungeana из лекарст-
венного растительного сырья в качестве активного ингредиента лекарственных пленок позволит рас-
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ширить ассортимент комплексных фитопрепаратов отечественного фармацевтического рынка для ле-
чения воспалительных заболеваний слизистой оболочки полости рта. 

Ключевые слова: СО2-экстракт зизифоры Бунге, фитопленка, диспергируемая в полости рта, состав 
пленки, параметры процесса технологического режима, технология, антимикробная активность, тест-
микроорганизмы. 
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Modeling the extraction process of medicinal raw materials 

The review considers 26 mathematical models of the process of biologically active substances extraction 
from medicinal plant raw materials, taking into account factors affecting the extraction process: diffusion co-
efficient, particle size, layer porosity, extractant feed rate, raw material grinding method, pressure, tempera-
ture and duration of extraction, individual characteristics of raw materials (content of the target component) 
and technological equipment. In general, these models fall into four important groups: empirical models, 
models based on heat transfer analogies, a shrinking core model, and models based on differential mass bal-
ance. Here were described problems that occur in the selection of mathematical models, first of all, associated 
with the imperfect behavior of the flows of extraction liquids, and the inhomogeneous cross-section of the ex-
traction apparatus. It was shown that first of all the extraction process modeling requires mathematical mod-
els to describe the mass transfer inside solid particles. It is also important to take into account the solubility of 
the target substances when simulating. It is shown that for describing the extraction processes, the optimal 
models are Naik and Lentz, Esquivel, diffusion, H. Sovová mass transfer, damaged and undamaged cells for 
calculating the main factors of extraction processes. 

Keywords: mathematical modeling, mass transfer, diffusion, regression equation, criterion equation, optimi-
zation, extraction, plant raw materials 

 

Introduction 

Extraction of medicinal plant raw materials is an integral and important process in phytochemical pro-
duction. 

The theory and practice of the extraction process have been intensively developed in recent years due to 
the increase in the technical equipment of pharmaceutical production, as well as the solution of problems 
arising from the consideration of extraction processes in a solid-liquid system. 

Analysis of the available information material and literature data indicates that three types of mathemat-
ical models can be used to calculate and optimize the process of extracting plant raw materials: 

1. Model of differential equations of the process; 
2. Model of criterion equations of the process; 
3. Model of regression equations. 

In this case, the general modeling scheme includes: 
1) obtaining and analyzing the model; 
2) the model check; 
3) introduction to the model of factors that optimize the process, or optimization of the process 

based on the model; 
4) obtaining of a new model; 
5) regulation of the production process to obtain optimal yield. 

Optimization of the extraction process of plant raw materials requires knowledge of the corresponding 
parameters of equilibrium and mass transfer, as well as the optimal operating conditions of the extraction 
apparatus. Mass transfer and solubility parameters can be quantified by applying an adequate mathematical 
model to laboratory experimental data. Each model includes several simplified assumptions about how the 
solute is distributed inside the solid body and the mechanisms involved in the kinetics of mass transfer: in-
ternal and external resistance to mass transfer, as well as their combination. 

Over the years, mathematical models have been developed using three different approaches: (a) empiri-
cal modeling; (b) based on simulations similar to heat transfer; and (c) simulations based on differential inte-
gration of mass balance. Empirical models are suitable in the case, when there is no information about the 
mechanisms of mass transfer. However, the need of developing models that take into account mass transfer 
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for the mathematical description of the phenomena, occurring during the extraction of plant raw materials, 
remains relevant. 

Main part 

There are several models in the available literature materials to describe the supercritical fluid extrac-
tion of plant raw materials in the extraction of oils [1, 2]. In general, these models can be divided into four 
important groups: empirical models, models based on heat transfer analogies, a shrinking core model, and 
models based on differential mass balance. The last class of models has a distinctive physical meaning and 
covers the coefficients of mass transfer in the liquid and solid phases or only in one phase. They take into 
account characteristics of the material matrix, such as particle size and layer porosity. There is necessary to 
determine different coefficients compared to empirical models. However, these models describe the trends 
and mechanisms carried out by the extraction process [3]. 

Criterion equations and regression equations obtained by experimental design methods are suitable to 
describe the extraction processes. The criterion equations interconnect a series of factors: raw material fine-
ness, mass transfer surface, extractant velocity, other hydrodynamic process conditions (pulsations, vibra-
tions), extraction time, concentration of substances in raw materials, coefficients of free and internal diffu-
sion and other factors. The second important direction in modeling is the implementation of research to 
translate laboratory experiments into factory production conditions. Most criterion equations do not take into 
account the criteria of geometric similarity and are not suitable for production conditions. 

To ensure maximum results by varying process conditions is an important production task in the devel-
oping a mathematical production model. Usually the maximum result (most often the yield or the lowest cost 
of the product) is closely related to some uncontrollable factor, such as the content of substances in the initial 
raw materials. Therefore, it is advisable to put this value into the model as one of the factors. 

Modeling of mass transfer during continuous supercritical extraction by carbon dioxide is necessary for 
a deep understanding of the mechanisms of the process before it can be used for design, operation, monitor-
ing, process control and optimization. Authors of the work [4], made a mathematical model (1) of the pro-
cesses of supercritical fluid extraction of Lupinus albus L. seeds, which included system of integro-
differential equations with a core determined by the function of the particle size distribution density: 
 ( ) (1 ) ( 1) ( )f a r a r a= − δ − + δ − α , (1) 
where r — is the part of grains of fine fraction (dust); δ — is the Dirac delta function. 

This model taking into account the polydispersity of the granular layer and the process of mass transfer 
of components inside the particle through the intercellular channels. 

The authors of the work [5] presented the process of supercritical fluid extraction of plant raw materials 
as extraction with cross-flow and a constant distribution coefficient (2). They derived a dependence that has 
good agreement with experimental data and it is described by the equation: 
 2/ {arcsin[sin( )]}y k x mx= , (2) 
where k — is the equilibrium concentration of biologically active substances in the extractant at the time of 
its saturation; m — is the time of one extraction cycle; x — is the extraction time; y — is the concentration of 
biologically active substances in the extractant. 

Tan and Liou [6] proposed a one-parameter model describing a desorption of activated carbon loaded 
with toluene by supercritical fluid extraction. 

In the work [7], theoretical models of diffusion of a hot ball, damaged and undamaged cells, shrinkage 
core and other relatively simple models are reviewed. Modeling process parameters include average particle 
size, solvent flow rate, pressure, temperature, and modifier concentration and their effect on mass transfer 
coefficients. 

The mechanisms involved in the mass transfer model are described in terms of resistance to external 
and internal mass transfer, the interaction of a dissolved substance and a solid body, and axial dispersion. 
Based on the studies carried out, the model of a damaged and undamaged cell has been determined to be 
suitable. It can be used to simulate supercritical fluid extraction as it reflects the solid structure and kinetics 
of the extraction process and allows scale up of laboratory data for industrial design. This is confirmed by 
work [8] on the example of extraction of lupulon from Humulus seeds by supercritical fluid extraction. 

The authors of [9] investigated the yields of essential oil components during supercritical fluid extrac-
tion (P = 7–15 MPa, T = 16–50 °С) on the example of plants of the Apiaceae and Asteraceae families. At the 
same time, it was determined that the resistance to mass transfer is negligible when extracting the compo-
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nents of essential oils and does not depend on the degree of grinding of the raw materials. It has a significant 
effect only during the extraction of Piper nigrum L. and Myristica, where the extract yield directly depends 
on the degree of grinding of the raw materials. Based on experimental data, a mathematical model has been 
developed that describes the kinetics of extraction and takes into account the structure of plant raw materials. 

Models of CO2-extraction of Ocimum basilicum L. were studied by the authors of [10], while the fac-
tors influencing the yield of the target substances, pressure and temperature were chosen. Brunner's, Candio's 
and Spiro's models, Esquivel's empirical model, Gordillo's model and others were considered in the work. It 
was found that the process of CO2-extraction of Ocimum basilicum L. for the extraction of linalool is most 
closely described by the Gordillo model, while its solubility is strongly dependent on pressure. At the same 
time the process of eugenol extraction is described by the Del Vale and Aguilera model, which characterizes 
the dependence of solubility on temperature. 

The kinetics of the extraction process of Satureja montana L. with supercritical carbon dioxide for the 
quantitative extraction of essential oil components has been studied. Modeling was carried out using the 
equations of Ficks, Esquivel, Chrastil, Valle and Aquilera, Adachi and Lu, Sparks. It was established that all 
models have a similar deviation from the experimental data, and the Esquivel model most closely describes 
the extraction process of Satureja montana L. [11]. 

Researchers at the Institute of Technology (Brazil) [12] have studied the process of extracting citronella 
essential oil, which contains more than eighty components. It has been established that the quantitative ex-
traction of the sum of components of the essential oil of Cymbopogon nardus L. is achieved at 18.0 MPa and 
at of 80 °С temperature. The Naik and Lentz models were used to calculate the extraction process; they 
showed good agreement with experimental data. 

A mathematical model for the extraction of essential oil by steam distillation, based on Fick's law in a 
non-stationary state for a one-dimensional geometry of a rectangle, was calculated using the example of ex-
traction of Rosmarinus officinalis L., Ocimum basilicum L. and Lavandula dentata L. [13]. 

The effective diffusion coefficient (D) is used in the model as an adjustable parameter to predict the ex-
perimental yield curves of the essential oil. It was found that the diffusion mathematical model based on 
mass transfer has good agreement with experimental data. 

Modeling of the process of supercritical fluid extraction of Anethum graveolens L. seeds is given in the 
work [14]. Pressure, temperature and flow rate of CO2-gas are determined as factors influencing the yield of 
the target substance. Two models were used for modeling. One is based on desorption, the second is based 
on the classical model of mass transfer proposed by H. Sovová [15]. The calculation results showed that both 
models are in good agreement with experimental data, but the second model requires more accurate initial 
calculations [14]. 

The process of CO2-extraction of Sesamum seeds has been optimized according to the following tech-
nological parameters: pressure, temperature, CO2-gas supply rate and raw material grinding. It was estab-
lished that an increase in the pressure and flow rate of CO2-gas increases the extract yield and shortens the 
extraction time, an increase in the degree of seed refinement and a decrease in diffusion resistance also in-
crease the yield of extract. Quantitative yield (85 % with hexane extraction) is achieved under the following 
conditions: 35 MPa pressure, 50 °C temperature, 2 ml/min CO2-gas supply rate and 300–600 microns parti-
cle size. Shrinking cores and undamaged cores mathematical models were used to describe the extraction 
process. The shrinking cores model is possessed the best convergence to experimental data [16]. 

Researchers from the Plapiqui University (Argentina) [17] have proposed a new two-dimensional non-
stationary mathematical model for the extraction of plant oil from sunflower pellets in an industrial extractor 
of De Smet type. Extraction from a moving layer of oil material was modeled taking into account the differ-
ent availability of oil in pellets, counter-flow of porous substance and micelle, diffusion over the entire ex-
traction area, mass transfer between granules and micelles, micelle transfer to percolation areas, loading and 
drying zones, as well as transient operation of the extractor. 

To describe the process of supercritical CO2-extraction of corn oil cake, researchers at the University of 
Albert (Canada) used the mathematical models of Sovová and the model of Krastil [18]. It has been estab-
lished that the quantitative extraction of biologically active substances from corn oil cake is achieved at 
49 MPa and at 70 °С temperature; both models have good agreement with experimental data. 

The effect of drying conditions on the composition of supercritical extracts obtained from olive leaves 
was studied [19]. The leaves were dried on a conveyor belt and the effect of air temperature and residence 
time on the extraction kinetics, overall yield, antioxidant activity, total polyphenols and the chemical compo-
sition of the extracts was assessed. It was established that the drying conditions do not affect on the kinetics 
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of extraction. In this case, the quantitative yield was achieved at 60ºС temperature and at 120 minutes as dry-
ing time. To describe the process of CO2-extraction of olive leaves, the H. Sovová model was used, which 
showed good agreement with experimental data. 

The H. Sovová model is widely used to optimize the process of extracting biologically active substanc-
es from plant raw materials. So its use to describe the extraction of Salvia officinalis L. by the method of su-
percritical fluid extraction made it possible to calculate the initial coefficients for multifactorial modeling of 
the process by an artificial neural network [20]. At the same time the model H. Sovová can also be used in-
dependently to optimize supercritical fluid extraction of plant raw materials [21–35]. 

A modeling approach based on thermodynamic and mass transfer phenomena confirms the Brunauer-
Emmett-Teller adsorption theory, which was used in the study to correlate supercritical fluid extraction data 
from Eryngium billardieri L. 

A response surface methodology based on a central composite design was used to assess the effects of 
operating conditions such as pressure, temperature, particle size and dynamic time. The quantitative yield of 
essential oil was 0.8522 % at 30 MPa pressure, 308 K temperature, 0.75 mm particle size and 130 minutes as 
extraction time. The predicted results showed that the response surface method is in satisfactory agreement 
with the experimental data. To describe the study, a quadratic model was chosen, including linear, interactive 
and quadratic terms [36]. 

First proposed by Dankwerts [37], dispersion models have come to be widely used to describe reactors 
with imperfect flow. The model was built on the basis of a constant linear velocity of the correspondent fluid 
flows. This problem creates difficulties in formulating and simulating the model when the fluid velocity 
changes along the flow path. This situation occurs when the reactor has a non-uniform cross-section or the 
void fraction changes along the flow path, which is very common in modern reactors. It has been noted that 
most continuous flow reactors operate at approximately constant flow rates. Given this Siripatana et al. [38] 
simplified the dispersion model by reformulating the model in terms of volumetric flow rate rather than line-
ar velocity. The model was called the “volumetric dispersion model” and was used for counter-current ex-
traction and adsorption in a fixed bed. Previous work has illustrated the simplicity of a volumetric dispersion 
model in describing the effect of inhomogeneous cross-section and variable steam quality along reactors 
[39]. Different mathematical models have been used in previous studies of supercritical fluid extraction, but 
most of them did not take into account the role of axial dispersion [9, 40, 41]. Nevertheless, some researchers 
have formulated models based on the formulation of Dankwerts [42–47]. Their models mainly focus on a 
situation where the fluid velocity is constant in the processing unit and it is not easy to extend them to predict 
the performance of non-uniform flow reactors/extractors. It is desirable to have a supercritical fluid extrac-
tion model that can be used to design and analyze non-uniform flow extractors. It is expected that volumetric 
variance model will simplify and expand design capabilities without unnecessary mathematical complexity 
[48]. 

Modeling of thermodynamic phase equilibrium and optimization of supercritical CO2-extraction pro-
cesses for the concentration of phytosterol and tocopherol from rapeseed oil using the Striek-Vera Peng-
Robins (3) state equation made it possible to increase the yield and quality of target substances. While the 
average relative deviation of experimental and calculated data is about 1–12 % [49]. 
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here n — is the number of data points; F — is a weighting parameter; P — is the pressure (MPa); y — is a 
gas composition (mole fraction). 

The phenomenological model (4) for the supercritical extraction of alkaloids nicotine and solanesol 
showed that for the quantitative extraction of target substances, their solubility must be taken into account. 
This is in good agreement with experimental data showing that a lower pressure is required for the extraction 
of solanesol (15 MPa) than for nicotine (37 MPa) [50]. 

 
1

2 2

( )

( ) ( )

* ( )
1K.a 

1 1

C

C C

SCF SCF t t
S S

t t t t

Fk a k ae
e e

− −

− −

∗ ∗+= +
+ +

, (4) 

here kSCF*aSCF — is the external mass transfer; kS*aS — is the internal mass transfer; factor F characterizes 
intermediate stage global extraction process. 
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Conclusions 

Thus, the carried out analysis shows that for the transition from laboratory conditions to large-scale 
production, it is relevant to develop models that directly take into account the parameters of the extraction 
process, such as pressure, temperature and extraction duration, individual characteristics of raw materials and 
technological equipment. An empirical approach prevails or simplified differential equations of material bal-
ance are used to describe the kinetics of the plant raw materials extraction process. In this case, the 
H. Sovová mass transfer model and the damaged and undamaged cell model are considered to be relatively 
adequate models. 

The work was carried out under the grant project AP08052030 "Modeling and optimization of the tech-
nology of original drugs" funded by the Science Committee of the Ministry of Education and Science of the 
Republic of Kazakhstan. 
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И.А. Хабаров, В.В. Журов, А.Н. Жабаева, С.М. Адекенов 

Дəрілік шикізатты экстракциялау үдерісін модельдеу 

Мақалада дəрілік өсімдік шикізатынан биологиялық белсенді компоненттерді экстракциялау 
үдерісінің 26 математикалық моделі қарастырылған, олар шығарып алу үдерісіне əсер ететін 
факторларды ескереді: диффузия коэффициенті, бөлшектердің мөлшері, қабаттың кеуектігі, 
экстрагент беру жылдамдығы, шикізатты ұсату тəсілі, шығарып алу қысымы, температурасы мен 
ұзақтығы, шикізат (мақсатты компоненттің құрамы) пен технологиялық жабдықтың жеке 
сипаттамасы. Жалпы алғанда, бұл модельдер төрт маңызды топқа бөлінеді: эмпирикалық модельдер, 
жылу беру аналогтарына негізделген модельдер, сығылатын ядро модельдері жəне массаның 
дифференциалды тепе-теңдігіне негізделген модельдер. Математикалық модельдерді таңдауда ең 
алдымен, экстракциялық сұйықтықтар ағындарының идеалды емес əрекетімен, экстракциялық 
аппараттардың біртекті емес көлденең қимасымен байланысты мəселелер сипатталған. Экстракциялау 
үдерісін модельдеу, ең алдымен, қатты бөлшектердің ішіндегі масса тасымалын сипаттау үшін 
математикалық модельдерді қажет ететіні көрсетілген. Сондай-ақ, модельдеу кезінде мақсатты 
заттардың ерігіштігін ескеру қажет. Жүргізілген талдау негізінде өсімдік шикізатынан биологиялық 
белсенді заттарды экстракциялау үдерістерінің негізгі факторларын есептеу үшін диффузиялық, 
H. Sovová, Naik жəне Lentz, Esquivel, бұзылған жəне зақымдалмаған ұяшық модельдері оңтайлы 
болып табылатыны анықталды. 

Кілт сөздер: математикалық модельдеу, масса тасымалдау, диффузия, регрессия теңдеуі, критерийлік 
теңдеу, оңтайландыру, экстракция, дəрілік шикізат. 

 
И.А. Хабаров, В.В. Журов, А.Н. Жабаева, С.М. Адекенов 

Моделирование процесса экстракции лекарственного сырья 

В обзорной статье рассмотрены 26 математических моделей процесса экстракции биологически ак-
тивных веществ из лекарственного растительного сырья, учитывающие факторы, влияющие на про-
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цесс извлечения: коэффициент диффузии, размер частиц, пористость слоя, скорость подачи экстра-
гента, способ измельчения сырья, давление, температуру и продолжительность извлечения, индивиду-
альную характеристику сырья (содержание целевого компонента) и технологического оборудования. 
В целом, эти модели делятся на четыре важные группы: эмпирические модели; модели, основанные на 
аналогиях теплопередачи; модель сжимающегося ядра и модели, основанные на дифференциальном 
балансе массы. Описаны проблемы при подборе математических моделей, связанных, прежде всего, с 
неидеальным поведением потоков экстракционных жидкостей, неоднородным поперечным сечением 
экстракционных аппаратов. Показано, что моделирование процесса экстракции, в первую очередь, 
требует математических моделей для описания массопереноса внутри твердых частиц. Также при мо-
делировании важно учитывать растворимость целевых веществ. На основании проведенного анализа 
определено, что для расчета основных факторов экстракционных процессов биологически активных 
веществ из растительного сырья оптимальными являются модели: диффузионная, H. Sovová, Naik и 
Lentz, Esquivel, разрушенной и неповрежденной ячейки. 

Ключевые слова: математическое моделирование, массоперенос, диффузия, уравнение регрессии, кри-
териальное уравнение, оптимизация, экстракция, растительное сырье. 
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