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«Solvent-less» mechanochemical approach to the synthesis  
of allobetulin and some of its esters 

Various significant biological activities have been recently found for allobetulin and its derivatives which in 
combination with their low toxicities lead to an increased research effort. In the present work allobetulin and 
some its acyl derivatives have been synthesized by different reactions using a grindstone method. All reac-
tions were carried out at room temperature. Allobetulin (1a) and allobetulin 3-O-formate (1b) were prepared 
by reacting betulin with trifluoroacetic acid (TFA) and HCOOH, consecutively. The reactions time was  
30–40 min, and the yield of the products was 82 and 98 %, respectively. Allobetulin (1a) under the action of 
TFA for 2 hours affords allobetulin 3-O-trifluoroacetate (3) in 95 % yield. Whereas, the treatment of betulin 
diacetate with TFA for 30 min gives allobetulin 3-O- acetate (2a) in 92 % yield. The formation of products 
was detected by TLC using C6H6:CH2Cl2:CH3OH (5:5:1) as eluent and the spots were revealed after spraying 
the TLC plates with reagent (1 % phosphomolybdic acid-water) followed by heating at 110 ºC for 5 minutes 
to show a characteristic blue colour. The present procedure is simple, efficient, and environmentally benign. 
The structures of all products were confirmed by 1H NMR, 13C NMR, and FT-IR spectroscopy. 

Keywords: betulin, allobetulin, trifluoroacetic acid, mechanochemistry, grindstone, formic acid, 
allobetulinformate, betulin diacetate. 

 

Introduction 

The organic solvents are volatile and harmful, causing risks to people who inhale them as well as the 
environment. Thus, development of less hazardous synthetic methods for organic reactions is one of our ob-
jectives in current research. One of the methods belonging to such a protocol is a grindstone method. This 
mechanically activated solvent-free reaction helps in reducing the toxic waste produced, and therefore, be-
comes less harmful to the environment. Solvent-less organic reactions based on grinding of two macroscopic 
particles together mostly involves the formation of a liquid phase prior to the reaction, i.e. formation of an 
eutectic melt of uniform distribution where the reacting components being in close proximity react in a con-
trolled way [1]. 

The grindstone method has been successfully applied for many reactions like Reformatsky reaction [2], 
Aldol condensation [3], Dieckmann condensation [4], Knoevenagel condensation [5], Biginelli reaction [6], 
synthesis of carbamates [7], and others [8]. On the other hand, allobetulin has been utilized as an important 
precursor in the further transformation of triterpenoids [9–22] and as a sample for biological studies. Recent-
ly, considerable attention is paid to the study of their biological activity among which are compounds with 
anti-inflammatory, antiulcerous [23], antiviral [24, 25], and immunoregulatory activities [26], an antibacteri-
al, hepatoprotective, and antifeedant activity [9, 27, 28]. 

We report herein a simple and highly efficient method for the synthesis of allobetulin and its derivatives 
bearing acyl moiety at C-3 by a grindstone method. 
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Experimental 
1Н and 13C NMR spectra have been recorded with Bruker AVANCE 400 III HD spectrometer (Bruker, 

Billerica, MA, USA), 400.17 and 100.63 MHz, respectively. Chemical shifts are reported relative to 
tetramethylsilane peak set at 0.00 ppm. In the case of multiplets the signals were reported as intervals. Sig-
nals were abbreviated as s, singlet; d, doublet; t, triplet; m, multiplet. Coupling constants were expressed in 
Hz. 

TLC was conducted on Sorbfil plates using C6H6: CH2Cl2: CH3OH (5:5:1). Spots were detected by 
spraying TLC plates with 1 % phosphomolybdic acid and heating at 110 ºC for 5 minutes to show a charac-
teristic blue colour. 

Infrared spectra were obtained directly from the products using Bruker Tensor 27 FT-IR Spectrometer. 
The spectra were recorded in the range of 400 to 4000 cm-1. Melting temperatures have been detected in 
open capillaries using Buchi apparatus. Finely cut birch bark was extracted with hot ethanol to give crude 
betulin 1 [29]. 

Synthesis of compound allobetulin 1a 
0.5 g (1.1mmol.) of betulin, 15 ml of TFA were added into a porcelain mortar (8 cm diameter). After 

few seconds of grinding with the aid of a pestle, the reaction mixture became a dark paste. The mixture was 
grinded for a period of 40 minutes until totally solidified when a beige solid powder became. At the end of 
grinding, 10 ml of methanol was added to the mortar (to facilitate the product precipitation) and further well 
mixed with the product so obtained using the pestle and a spatula to remove the solid from mortar wall. The 
resulting solid was collected by vacuum filtration on a Büchner funnel. Yield is 98 %. Rf is 0.56 (in system 
A), mp is 265 ºC (lit., [30] 264–266 ºC). IR spectrum (KBr, ν, cm–1): 3423.4 — OH, 2934.5–2880.7 (-CH3 
and -CH2), 1451.6, 1381.6 (-CH3 and -CH2), 1039.0 (C-O-C). 1H NMR spectrum (400.17 MHz, CDCl3, δ, 
ppm, J/Hz): 0.78 (3H, s, CH3), 0.81 (3H, s, CH3), 0.86 (3H, s, CH3), 0.93 (3H, s, CH3), 0.95 (3H, s, CH3), 
0.99 (6H, s, CH3), 1.20–1.73 (24H, m, СН2, СН), 3.22 (1Н, t, C3Н, J 5.6 Hz), 3.45 (1H, d, C28H2, J 8 Hz), 
3.54 (1Н, s, С19H), 3.78 (1H, dd, C28H2, J 7.2 Hz). 13C NMR spectrum (100.63 MHz, CDCl3, δ, ppm): 13.52 
(С27), 15.39 (С24), 15.72 (С26), 16.50 (С25), 18.26 (С6), 21.00 (C11), 24.56 (С29 or C30), 26.28 (СH2), 
26.45 (СH2), 27.43 (С2), 27.99 (С23), 28.83 (С29 or C30), 32.72 (С21), 33.92 (С7), 34.16 (С13), 36.28 
(С17), 36.76 (С16), 37.27 (С10), 38.90 (С4), 38.92 (С1), 40.62 (С), 40.72 (С), 41.49 (С), 46.84(С18), 51.09 
(С9), 55.49 (С5), 71.29 (С28), 78.99 (С3), 87.94 (С19). 

Synthesis of allobetulin 3-O-acetate 2a 
Betulin diacetate 0.5 g (1.1 mmol) and 15 ml of TFA were mixed and placed in a mortar and ground by 

hand with a pestle. Grinding was continued until the mixture appeared homogeneous and the reaction was 
complete (TLC), which took 0.5 h. After removal of most solvent, the residue was diluted with methanol, 
and the white precipitate was collected by filtration to afford white product. Yield is 92 %. Rf is 0.64 
(C6H6:CH2Cl2:CH3OH / 5:5:1), and mp is 283 ºC (lit., [31] 285–287 ºC). IR spectrum (KBr, ν, cm-1): 2924.4–
2856 (-CH3 and -CH2), 1726 (C=O), 1247.5 and 1023.3 (C-O-C). 1H NMR spectrum (400.17 MHz, CDCl3, 
δ, ppm, J/Hz): 0.70 (3H, s), 0.74 (3H, s), 0.75 (3H, s), 0.77 (3H, s), 0.83 (3H, s), 0.87 (3H, s), 0.94 (3H, s), 
2.08 (3H, s, 3b-COCH3), 3.35 (1H, d, J=7.6, 28-Ha), 3.46 (1H, s, 19-H), 3.70 (1H, d, J=7.6, 28-Hb), 4.38 
(1H, m, 3α-H). 13C NMR spectrum (100.63 MHz, CDCl3, δ, ppm): 13.52 (С27), 15.69 (С24), 15.77 (С26), 
16.50 (С25), 18.14 (С6), 20.99 (C11), 21.37, 24.55 (С29 or C30), 26.23 (СH2), 26.42 (СH2), 27.93 (С2), 
28.36 (С23), 28.80 (С29 or C30), 32.69 (С21), 33.83 (С7), 34.13 (С13), 36.26 (С17), 36.70 (С16), 37.17 
(С10), 38.59 (С4), 39.66 (С1), 40.62 (С), 40.71 (С), 41.49 (С), 46.80 (С18), 51.00 (С9), 55.56 (С5), 71.26 
(С28), 80.96 (С3), 88.04 (С19), 171.15 (CH3COO). 

Synthesis of compound allobetulin 3-O-trifluoroacetate 3 
0.5 g of allobetulin (1.1 mmol), and 50 ml of TFA were added in a mortar and ground continuously. 

The mixture was ground until completion of the reaction, which was monitored by TLC (2h). 10 ml of meth-
anol was added to the syrupy formed product to give a white precipitate, which filtered through the filtration 
flask to afford the pure product without further purification. Yield is 95 %, Rf is 0.63 (C6H6:CH2Cl2:CH3OH / 
5:5:1), and mp is 268 ºC (lit., [24] 265.5–266.8 ºC). IR spectrum (KBr, ν, cm–1): 2944.6–2869.0 (-CH3 and  
-CH2), 1770.1 (C=O), 1219.3, 1188.6 and 1033.0 (C-O-C), 1166.6 (C-F). 1H NMR spectrum (400.17 MHz, 
CDCl3, δ, ppm, J/Hz): 0.72 (3H, s), 0.81 (3H, s), 0.82 (3H, s), 0.84 (3H, s), 0.85 (3H, s), 0.87 (3H, s), 0.91 
(3H, s), 3.37 (1H, d, J= 7.6, 28-Ha), 3.47 (1H, s, 19a-H), 3.70 (1H, d, J=7.6, 28-Hb), 4.63 (1H, m, 3a-H). 
13C NMR spectrum (100.63 MHz, CDCl3, δ, ppm): 12.46 (С27), 14.73 (С24), 15.22 (С26), 15.49 (С25), 
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17.04 (С6), 20.01 (C11), 22.23 (СH2), 23.52 (С29 or C30), 25.49 (СH2), 26.73 (СH2), 26.84 (С2), 27.77 
(С23), 31.66 (С29 or C30), 32.74 (С21), 33.09 (С7), 35.24 (С13), 35.69 (С17), 36.12 (С16), 37.05 (С10), 
37.39 (С4), 39.60 (С1), 39.71 (С), 40.44 (С), 45.77(С18), 49.94 (С9), 54.40 (С5), 70.22 (С28), 85.25 (С3), 
86.93 (С19). 115.09 (CF3COO), 156.57 (CF3COO). 

Synthesis of compound allobetulin 3-O-formate 1b 
Betulin 0.5 g (1.1 mmol) and 25 ml TFA were taken in a pestle; the mixture was grounded till the reac-

tion completion, which was monitored by TLC. The reaction was completed about 30 min at room tempera-
ture, after completion 10 ml of methanol was added, the precipitated product was filtered, and recrystallized 
in ethanol solvent. Yield is 82 %, Rf is 0.63 (C6H6:CH2Cl2:CH3OH / 5:5:1), and mp is 314 ºС (lit., [32] 
315 ºC). IR (KBr, ν, cm–1): 2925 (=C-H), 1720 (C=O), 1175 (C-O-C).1H NMR (400.17 MHz, CDCl3, δ, 
ppm): 0.73 (s, 3H, CH3), 0.79 (s, 3H, CH3), 0.80 (s, 3H, CH3), 0.84 (s, 3H, CH3), 0.86 (s, 3H, CH3), 0.89 (s, 
3H, CH3), 0.97 (s, 3H, CH3), 3.36 (d, 1H, J 7.6, 28-Ha), 3.47 (s, 1H, 19a-H), 3.7 (d, 1H, J 7.6, 28-Hb), 
4.54 (m, 1H, 3a-H), 8 (s, 1H, 3b-COH). 13C NMR(100.63 MHz, CDCl3, δ, ppm): 13.52 (С27), 15.39 (С24), 
15.72 (С26), 16.50 (С25), 18.26 (С6), 21.00 (C11), 23.81, 24.56 (С29 or C30), 26.25(СH2), 26.42(СH2), 
27.86 (С23), 28.82 (С29 or C30), 32.69 (С21), 33.81 (С7), 34.12 (С13), 36.28 (С17), 36.72 (С16), 37.15 
(С10), 37.76 (С4), 38.56 (С1), 40.62 (С), 40.72 (С), 41.48 (С), 46.80 (С18), 50.98 (С9), 55.48 (С5), 71.26 
(С28), 81.07 (С3), 87.96 (С19), 161.24 (HCOH). 

Results and Discussion 

The combination of solvents and long reaction time, costly chemicals makes this method environmen-
tally hazardous. This provided the stimulus to synthesize allobetulin 1a and its derivatives 1b, 2a and 3 using 
a grinding technique. In grindstone technique, reaction occurs through generation of heat by grinding of sub-
strate and reagent by a mortar and a pestle. 
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More recently, a new process for the isomerisation of betulin 1 to allobetulin 1a using trifluoroacetic ac-
id has been reported by Medvedeva and co-workers [30] by stirring compound 1 with TFA at room tempera-
ture for 8 minutes. Whereas, the mechanochemical method required a simple grinding of compound 1 and 
TFA for 40 min to give allobetulin 1a in 98 % (Scheme 1). The products obtained by both methods were 
found to be identical by mp. 

The transformation of 1 to 1b was reported as early as in 1922 by Schulze and Pieroh [32] in which 1 
was isomerised by formic acid under reflux during 2 hours to give 1b in moderate yield. While, the treatment 
of betulin 1 with formic acid under grinding at 20 ºC for 1h provided 1b in 82 % isolated yield (Scheme 1). 

It should be noted that compound 3 was previously being synthesized starting with betulin using a two-
stage method including the stage of 3-monoacetate betulin synthesis that directly reacted with TFA and 
trifluoroacetic anhydride at 0 ºC for 1.5 hour to afford of allobetulin 3-O-trifluoroacetate. The total yield of 
allobetulin 3-O-trifluoroacetate 3 was 40 % calculated with reference to betulin [24]. While, in our study the 
starting compound was allobetulin 1a which was ground with TFA at room temperature for 2 hours to give 
allobetulin 3-O-trifluoroacetate 3 in 95 % (Scheme 2). 

Compound 2a was also previously being synthesized from betulin diacetate 2 and formic acid under re-
flux according to the reported method in trichloromethane at reflux during 1.5 hour [33]. Replacing formic 
acid by trifluoroacetic acid using a grinding method the compound 2 was converted to allobetulin 3-O-ace-
tate 2a after 30 min in 92 % (Scheme 1). 

Chemical structure of compound 1a is confirmed using IR spectroscopy, 1H and 13C NMR, and their 
properties have been compared with literary data [31]. In its IR spectrum we observed the presence of hy-
droxyl group at 3423.4 cm-1 and also the appearance of intense bands at 1039 cm-1, which could be attributed 
to C–O groups. 1H NMR spectrum of the allobetulin 1a showed that the signals at 4.59 and 4.69 ppm of the 
olefinic region were missing, along with the formation of tetrahydrofuran ring which appeared as doublets of 
protons of С28Н2 group (АВ system) at δ 3.45 and 3.78 ppm, and a singlet of СН group at 3.54 ppm. The 13C 
NMR spectrum confirmed the absence of two olefinic carbons at 110 and 150 ppm and the presence of new 
signal at 87.94 ppm corresponding to C-19. 

The structures of the synthesized compounds 1b, 2a and 3 were established by 1H and 13C NMR spec-
troscopy in comparison with the analogous data published for related triterpenoids [24, 31, 32]. The 1H NMR 
spectra of allobetulin esters synthesized 1b, 2a and 3 contain characteristic signals of tetrahydrofuran ring, 
which appears as doublets of protons of СН2 group (АВ system), δ 3.45–3.78 ppm, and a singlet of СН group 
at 3.53–3.57 ppm. Comparison of the 1H NMR spectra of 1b, 2a, 3 and allobetulin revealed an appreciable 
downfield shift of the C-3 proton signals as a result of introduction of an acyl group (the very characteristic 
resonance signal from an unsubstituted derivatives is usually at around 3.22 ppm, while substitution of car-
bon C-3 shifts this signal downfield by 1.16–1.41 ppm). 

The allobetulin esters 1b, 2a and 3 have been characterized by IR spectra, which display the disappear-
ance of OH band of allobetulin and appearance of new bands such as the С=О group at 1720–1770 cm–1 and 
of the C–O ester group at 1000–1275 cm–1. 

Conclusion 

We reported simple, faster method for the synthesis of allobetulin and its acyl derivatives by a 
mechanochemical method. This procedure offers several advantages including time saving, very easy work-
up, and it is free from usage of organic solvents. The generality of this method has been demonstrated by the 
successful conversion with 82–98 % yields in 30–120 minute reaction completion. 
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С. Арроус, А. Болде, И. Будебу, М.В. Ляпунова, А.А. Бакибаев 

Аллобетулин жəне оның кейбір күрделі эфирлерінің синтезіне  
«еріткішсіз» механохимиялық тəсілдеме 

Аллобетулин жəне оның туындылары үшін соңғы кезде биологиялық белсенділік табылған, бұл 
олардың төмен улылығымен біріккенде ғалымдардың назарын өзіне тартады. Мақалада аллобетулин 
жəне оның кейбір ацетил тобы бар туындылары, механохимиялық белендіруге негізделген, əртүрлі 
əдістермен синтезделді. Барлық реакциялар бөлмелік температурада жүргізілді. Aллобетулин (1a) 
жəне aллобетулин 3-O-формиат (1b) бетулиннің трифторсірке қышқылымен (TFA) жəне HCOOH 
əрекеттесу реакциясы арқылы алынды. Реакцияның жүру уақыты 30–40 мин құрды, жəне өнімдердің 
шығымы сəйкесінше 82 жəне 98 % тең болды. Аллобетулин 3-O-трифторацетат (4) 95 % шығыммен 
аллобетулиннің (1a) TFA 2 сағаттық реакциясы нəтижесінде алынды. Ал аллобетулиннің 3-O-ацетаты 
(2a) бетулин диацетатының трифторсірке қышқылымен 30 мин ішінде өңделуі нəтижесінде 92 % 
шығыммен алынды. Өнімдердің түзілуі ЖҚХ əдісімен, элюент ретінде C6H6:CH2Cl2:CH3OH (5:5:1) 
қолданылуымен анықталды, дақтар ЖҚХ пластиналарын реагентпен (1 % фосфомолибден қышқылы –
су) бүркіп, соңынан көк түсті бояу пайда болғанша 110 ºC температурада 5 мин қыздырғанда 
анықталды. Бұл процедура қарапайым, тиімді жəне экологиялық қауіпсіз. Барлық өнімдердің 
құрылымдары 1Н ЯМР, 13С ЯМР жəне ИҚ-Фурье-спектроскопия əдістерінің мəліметтерімен 
дəлелденді. 

Кілт сөздері: бетулин, аллобетулин, трифторсірке қышқылы, механохимия, механохимиялық 
белсендіру, құмырсқа қышқылы, аллобетулиннің формиаты, бетулиннің диацетаты. 

 
С. Арроус, А. Болде, И. Будебу, М.В. Ляпунова, А.А. Бакибаев 

Механохимический подход «без растворителя»  
к синтезу аллобетулина и некоторых его сложных эфиров 

Для аллобетулина и его производных не так давно была обнаружена биологическая активность, что, в 
сочетании с их низкой токсичностью, привлекает внимание ученых. В данной работе аллобетулин и 
некоторые его производные, содержащие ацетильную группу, синтезируются различными методами, 
основанными на механохимической активации. Все реакции проведены при комнатной температуре. 
Aллобетулин (1a) и aллобетулин 3-O-формиат (1b) были получены реакцией взаимодействия бетули-
на с трифторуксусной кислотой (TFA) и HCOOH. Время проведения реакции составляло  
30–40 мин, выход продуктов составил 82 и 98 % соответственно. Аллобетулин 3-O-трифторацетат (4) 
с выходом 95 % получается реакцией аллобетулина (1a) с TFA в течение 2 часов. В то время как  
3-O-ацетат аллобетулина (2a) получается обработкой диацетатабетулина трифторуксусной кислотой в 
течение 30 минут с выходом 92 %. Образование продуктов определяли методом ТСХ с использовани-
ем C6H6:CH2Cl2:CH3OH (5:5:1) в качестве элюента, пятна были обнаружены после опрыскивания пла-
стин ТСХ реагентом (1 % фосфомолибденовая кислота – вода) с последующим нагреванием при 
110 ºC в течение 5 минут до появления характерного синего окрашивания. Данная процедура проста, 
эффективна и экологически безопасна. Структуры всех продуктов были подтверждены данными 1Н 
ЯМР, 13С ЯМР и ИК-Фурье-спектроскопии. 

Ключевые слова: бетулин, аллобетулин, трифторуксусная кислота, механохимия, механохимическая 
активация, муравьиная кислота, формиат аллобетулина, диацетатбетулина. 
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The reaction of C-alkylation of eudesmanolide (–)-α-santonin 

This article is concerned with sesquiterpene γ-lactones of the eudesman structure, which is promising class of 
natural organic compounds and characterized by a wide spectrum of physiological activity. Stereoselective 
synthesis of new practically significant 4α(ethyl)-3-keto-trans-eudesm-1(2),5(6)-diene-6,12-olide(C4-α-ethyl-
santonin) was carried out at room temperature in argon atmosphere by interaction of eudesmanolide  
(–)-α-santonin and an organohalide in presence of a strong base: tert-butyl-potassium: dimethylsulfoxide:  
tert-butyl alcohol. The yield was 50 %. The spatial structure of the synthesized C4-α-ethyl-santonin was es-
tablished by 1H NMR-, 2D NMR (COZY, NOESY), mass spectrometry and X-ray analysis. According to the 
results of X-ray analysis there has been found that the condensed six-membered C4-α-ethyl-santonin cycles 
are trans-articulated (CH3-10, β-oriented), the ethyl group at C-4 has the α-configuration, and the conforma-
tion of six-membered eudesmanolide is characterized as distorted chair-chair. Thus, combination of applica-
tion in the work of modern physico-chemical and spectroscopic research methods allowed characterization of 
the structure and properties of the compounds obtained. 

Keywords: sesquiterpene γ-lactone, cross-conjugated, eudesmanolide, α-santonin, alkylation, keto-eudesmane 
ester, stereoselectivity, electrophilic rearrangements. 

 
Chemical transformations of plant metabolites, in particular eudesmane sesquiterpene γ-lactones, lead-

ing to physiologically active derivatives have become an important field in synthetic and medical chemistry 
[1–3]. Previously, we have shown that the interaction of natural eudesmanolide (-)-α-santonin (1) with 
MeOH and EtOH in the presence of sodium alkoxides and the base Ме3СОК-DMCO-Ме3СOH 
stereoselectively leads to the formation of practically significant cis-condensed 6-keto-eudesman esters (3) 
and (4) (Fig. 1). In addition, it was suggested that they were formed from enolate ions (5) and (6) with a 
double bond at C5-C6 [4, 5]. 
 

          

Figure 1. Structure of santonin (1), cis-eudesman esters (3), (4) and enolates (5), (6) 

In further research, we studied the alkylation reaction of cross-conjugated (–)-α-santonin (1). Thus, the 
reaction of eudesmanolide (1) with bromoethane in the presence of base Ме3СОК-DMSO-Ме3СOH 
stereoselectively leads to the formation of a new product of C4-alkylation, namely 4α(Et)-3-keto-trans-
eudesma-1(2),5(6)-dien-6,12-olide (7). Yield was 50 % (Fig. 2). 
 

 

Figure 2. Synthesis of C4-α-ethyl-eudesmanolide (7) 
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Experimental 

IR spectra (7) were recorded on an Avatar-360 spectrometer in KBr pellets, 1H NMR spectra were reg-
istered on a Jeol, ECA-500 spectrometer (operating frequency 500.15 MHz) with a solvent — С5D5N. Mass 
spectra were measured on an Agilent 7890A. X-ray analysis was established on a Nonius Kappa CCD 
4-circle automatic diffractometer (Moα, λ = 0,71073 Å, graphite monochromator) at a temperature of 150 K. 
Specific rotation was determined on a MCP-100 polarimeter, melting points were measured on a М-56 in-
strument. Sorbfil PTSX-AF-UV plates were used for thin-layer chromatography. Sorbfil PTSKh-AF-UF 
plates were used for thin layer chromatography. 

4α(Et)-3-keto-eudesma-1(2),5(6)-dien-6,12-olide (7). To a solution of potassium tert-butoxide in 
Me3COH and DMSO (prepared from 0.06 g of metallic potassium and 1.5 ml of alcohol and 2 ml of DMSO) 
0.4 g (1.6 mmol) of compound (1) was added at room temperature under an argon atmosphere. The reaction 
mixture was stirred at room temperature for 5–7 minutes, and then 0.12 ml (1.62 mmol) of EtBr was added, 
and kept for 50 minutes. Then the alcohol was distilled off in a vacuum, the residue was dissolved in ethyl 
acetate, washed with water (3×10 ml), dried with MgSO4. The solvent was evaporated in a vacuum; the resi-
due (0.46 g) was chromatographed on a column with silica gel (eluent — hexane – ethyl acetate, 4:1). Yield 
was 0.22 g (50 %), colorless crystals, mp 105–106 ºС, Rf 0.60 (hexane – ethyl acetate, 3:2), [α]D

20 43° 
(с 0.003; CHCl3). IR spectrum (ν, сm–1): 1710 (С=О), 1778 (С=О), 1635 (С=С). 1Н NMR spectrum 
(500 МHz, С5D5N, δ, m.d, J/Hz): 6.08 (1Н, d, J = 9.8, Н-1), 6.58 (1Н, d, J = 9.8, Н-2), 1.42 (3Н, s, СН3-4), 
1.06 (3Н, s, СН3-10), 1.15 (3Н, d, J = 6.87, СН3-11), 1.53 (2Н, k, J = 5.5, J = 7.52, СН2-16), 0.65 (3Н, t, 
J = 7.52, СН3-17). Mass spectrum (EI, 70 eV), m/z (I rel, %): 274 (М+, 45.2). 
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Н. Мерхатулы, А.Н. Искандеров, А.Т. Омарова, П. Войтишек, С.К. Жокижанова 

Эвдесманолид (‒)-α-сантониннің С-алкилдеу реакциясы 

Мақала физиологиялық белсенділіктің кең спектріне ие, табиғи органикалық қосылыстардың 
маңызды тобы болып табылатын эвдесман типті сесквитерпенді γ-лактондардың құрылысына 
арналған. Жаңа практикалық маңызды 4α(этил)-3-кето-транс-эвдесм-1(2),5(6)-диен-6,12-олидтің  
(С4-α-этил-сантонин) стереоселективті синтезі бөлме температурасында аргон ортасында эвдесма-
нолид (–)-α-сантониннің күшті негіз қатысында (калий трет-бутилаты – диметилсульфоксид – трет-
бутил спирті) органикалық галогенидпен əрекеттестіріп жүргізілді. Оптикалық белсенді өнімнің 
шығымы 50 % құрайды. Синтезделіп алынған С4-α-этил-сантониннің құрылысы мен кеңістіктегі 
құрылымы протонды магнитті резонанс, екіөлшемді ядролы магнитті резонанс (2D NMR; COSY, 
NOESY), масс-спектрометрия жəне рентгенқұрылымдық талдау əдістерімен анықталды. 
Рентгенқұрылымдық анализ əдісінің нəтижесінде С4-α-этил-сантониннің конденсирленген алты-
мүшелі циклдері транс-қосарланған (СН3–10, β-бағытталған), С4 жағдайындағы этилді топ α-конфигу-
рация күйінде, эвдесманолидтің алтымүшелі циклдерінің конформациясы бұрмаланған кресло-кресло 
күйінде болатындығы анықталды. Мақалада зерттеудің казіргі заманауи физика-химиялық жəне 
спектроскопиялық əдістерді қолдануы алынған заттардың құрылысы мен қасиеттерін сенімді түрде 
сипаттауға мүмкіндік берді. 

Кілт сөздер: сесквитерпенді γ-лактон, кросс-қосарлану, эвдесманолид, α-сантонин, алкилдеу, кето-
эвдесман эфирі, стереоселективтілік, электрофилді қайтатоптасу. 
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Н. Мерхатулы, А.Н. Искандеров, А.Т. Омарова, П. Войтишек, С.К. Жокижанова 

Реакция С-алкилирования эвдесманолида (‒)-α-сантонина 

Статья посвящена сесквитерпеновым γ-лактонам эвдесмановой структуры, являющимся перспектив-
ным классом природных органических соединений, характеризующихся широким спектром физиоло-
гической активности. Стереоселективный синтез нового практически значимого 4α(этил)-3-кето-
транс-эвдесм-1(2),5(6)-диен-6,12-олида (С4-α-этил-сантонина) проводили при комнатной температуре 
в атмосфере аргона взаимодействием эвдесманолида (–)-α-сантонина с органогалогенидом в присут-
ствии сильного основания (трет-бутилат-калия – диметилсульфоксид – трет-бутиловый спирт). Вы-
ход целевого оптически активного продукта составил 50 %. Строение и пространственная структура 
синтезированного С4-α-этил-сантонина установлены методами протонного магнитного резонанса, 
двумерного ядерно-магнитного резонанса (2DNMR; COSY, NOESY), масс-спектрометрии и рентгено-
структурного анализа. По результатам рентгеноструктурного анализа было установлено, что конден-
сированные шестичленные циклы С4-α-этил-сантонина являются транс-сочлененными (СН3-10, 
β-ориентирована), этильная группа при С-4 имеет α-конфигурацию, а конформация шестичленных 
циклов эвдесманолида характеризуется как искаженное кресло-кресло. Таким образом, совокупность 
применения в работе современных физико-химических и спектроскопических методов исследования 
позволила надежно и однозначно охарактеризовать строение и свойства полученных соединений. 

Ключевые слова: сесквитерпеновый γ-лактон, кросс-сопряжение, эвдесманолид, α-сантонин, 
алкилирование, кето-эвдесмановый эфир, стереоселективность, электрофильные перегруппировки. 
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rns are presented through three bonds and the proton-carbo
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ties of two-dimensional spectroscopy COSY (1H-1H), HM
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correlation NMR COSY (1H-1H) and HMQC (1H-13C) is als

ructure of the cyclic polysaccharide β-cyclodextrin. The che
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Introduction 
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The most important feature of 
ty in an aqueous medium. 

The study by NMR spectrosco
the basis of alkaloids 1–4 and β-CD 
1H and 13C substrates (1–4) and rec
of intermolecular interaction. Accor
β-CD, one can judge the formation o
cal shifts of 1H and 13C in the spect
entering the β-CD cavity [4]. 

Interpretation of the 1H NMR s
presence of strong-field signals in t
proton singlet at 2.26 ppm, which 
H-11, 11, 11, respectively. 
 

One-proton quintet signal at 2
doublet at 4.19 ppm from 3J to 7.2 H
radical resonate in the low-field reg
multiplet at 7.17–7.22 ppm. The rem
at 7.26–7.27 (4H) ppm. Hydroxyl an
ual protons of the solvent and appe
are observed in the PMR spectrum o

In the carbon NMR spectrum o
are observed in the strong field regi
and C-7 correspond to doublet signa
ly. Aromatic carbon atoms resonate 
In the supramolecular complexes of
signals of 13С nuclei (±∆δ) are shif
shielding and shielding of carbon nu
approach each other. 

Chemical shifts NMR

Atom  
number 

Group 
The val

СНх 
1Н 

1 2 3 

1 =С< – 
2 =СН- 7.27
3 =СН- 7.26
4 =СН- 7.20
5 =СН- 7.26
6 =СН- 7.27
7 >СН- 4.19

Вестник Караг

β-CD is its ability to hydrophobically bind the gu

Results and Discussion 

opy of supramolecular inclusion complexes 5–8 o
is based on determining the difference in the val

eptor (β-CD) in free condition and composition 
ding to the magnitude of chemical shifts of intern
of internal or external complexes, respectively. T
tra of substrates makes it possible to determine th

spectrum of the pseudoephedrine 1 molecule in t
he form of a three-proton doublet with 3J 6.4 Hz
can be attributed to the protons of the methyl g

 

1 

2.53 ppm from 3J 6.4 Hz can be correlated to p
Hz corresponds to the methane hydrogen atom H-
gion of the spectrum. Proton H-4 was detected in
maining protons of the aromatic nucleus H-2, 6, 3
nd imine protons H-8 and H-10 fell into the regio
eared along with them as broadened singlet at 3.
of the pseudoephedrine complex with β-CD 5. 
of an individual pseudoephedrine, signals of meth
ion at 15.77 and 33.90 ppm, respectively. Asymm
als with chemical shifts of 61.10, 61.30 and 76.72

at 127.35 (C-3, 5), 128.07 (C-4), 128.44 (C-2, 6
f pseudoephedrine with β-CD in comparison wit

fted both to the weak and strong fields (Table 1)
uclei during the formation of supra complexes wh

R 1H and 13C 1 and β-CD in the free state and in co

lue of δ0 in the free 
state, ppm 

The value of δ  
in the complex, ppm 

C

13С 1Н 13С 
4 5 6 

Pseudoephedrine 
144.10 – 144.02 

7 128.44 7.27 128.48 
6 127.35 7.26 127.35 
0 128.07 7.20 128.09 
6 127.35 7.26 127.35 
7 128.44 7.27 128.48 
9 76.94 4.19 76.88 
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uest molecule in its cavi-

obtained respectively on 
lues of chemical shifts of 
of complexes as a result 

nal or external protons of 
The change in the chemi-
he direction of the latter 

the free state showed the 
z at 0.67 ppm and three-
groups H-12, 12, 12 and 

protons H-9. One-proton 
-7. Protons of the phenyl 
n the form of one-proton 
3, 5 resonate as multiplet 
on of resonance of resid-
.25 ppm. Similar signals 

hyl atoms C-12 and C-13 
metric carbon atoms C-9 
2–76.94 ppm, respective-
) and 144.10 (C-1) ppm. 
th the free substrate, the 
). This is due to the dis-
hen the interacting nuclei 

T a b l e  1  

omplex 5 

Change in chemical shift 
∆δ(δ- δ0), ppm 

1Н 13С 
7 8 

– -0.08 
0 0.04 
0 0 
0 0.02 
0 0 
0 0.04 
0 -0.06 
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1 2 3 

9 >СН- 2.53
11 -СН3 2.26
12 -СН3 0.67

1 >СН- 4.77
2 >СН- 3.27
3 >СН- 3.49
4 >СН- 3.30
5 >СН- 3.45
6 -СН2- 3.57

 
The NMR spectrum of an indiv

of signals in the region 3.23–3.32; 3
 

The lowest-field doublet signa
proton of the hydroxyl group at the 
the neighboring atom (OH-3) resona
The doublet signal in the region of 4
indicated proton in a weaker field c
oxygen atom. The hydroxyl group 
field of a strong field at 3.49–3.60 p
intensity signal at 3.45 ppm correspo
3.23 to 3.32 ppm metinic protons H-

The β-CD NMR spectrum (Fig
The signal of carbon atom C-6

and 7351 ppm resonate due to the C
C-1, respectively, are observed in t
with the neighboring glucopyranous

The study of the one-dimension
to identify the pattern of displaceme
confirms non-valent binding to the
values (∆δ=+0.10 ppm) is characteri
be concluded that an internal (inclus
spectrum, the difference is more sign

Study of supramolec

C o n t i n u
4 5 6 

3 61.10 2.53 57.03 
6 33.90 2.26 33.82 
7 15.77 0.67 15.71 

β-cyclodextrin 
7 102.43 4.79 102.68 
7 72.87 3.29 72.92 
9 73.54 3.59 73.68 
0 82.00 3.34 82.14 
5 72.52 3.55 72.65 
7 60.40 3.61 60.57 

vidual β-CDD (Fig. 1) is characterized by the ma
.45–3.60; 4.47–4.49; 4.77–4.78; 5.66; 5.71–5.73 

Figure 1. 1Н NMR spectrum β-CD 

l in the range of 5.71–5.73 ppm with the splitting
C-2 atom. Also in the weak field region, the pro

ates in the internal cavity of the β-CD molecule (
4.77–4.78 ppm corresponds to the proton H-1 β-C
ompared to the protons of other CH groups is du
OH-6 resonates splitting into a triplet with a ce

ppm signals of protons H-6a, b of the methylene g
onds to the protons H-3 and H-5 of glucopyranos
-2 and H-4 appear. 

g. 2) consists of six signals from 13C nuclei of the 
6 appears at 60.41 ppm in the high-field part. The
C-5, C-2 and C-3 atoms, respectively. Signals o
the weaker field at 82.02 and 102.41 ppm, whic
s unit through the oxygen bridge. 
nal spectra of β-CD in the free and bound state (T
ent of all 1H and 13C signals of the host molecule 
 guest. For proton spectra, the greatest differen
istic of the H-3 and H-5 inner-sphere protons, on 
sive) complex with pseudoephedrine is formed. I
nificant and ranges from 0.05–0.25 ppm. 
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a t i o n  o f  T a b l e  1  
7 8 

0 -4.07 
0 -0.08 
0 -0.06 

0.02 0.25 
0.02 0.05 
0.10 0.14 
0.04 0.14 
0.10 0.13 
0.04 0.17 

anifestation of six groups 
ppm. 

 

g of 4 Hz belongs to the 
oton of the OH group of 
(δ = 5.66 ppm, doublet). 

CDD. The location of the 
ue to the influence of the 
nter at 4.48 ppm. In the 

group are observed. High 
se link. In the range from 

elementary link. 
e signals at 72.49, 72.85 

of carbon atoms C-4 and 
h are directly connected 

Table 1) made it possible 
to the weak field, which 

nce in the chemical shift 
the basis of which it can 

In the case of the carbon 
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Analysis of two-dimensional 
and 4) allowed us to establish hom
the free state 1 and in the compositio
 

Figure 3. Correlations of COSY (1H-

Thus, the formation of supram
chemical shifts of NMR of the subs
signals of the receptor molecules an
was 1 receptor molecule in the inclu
displacements of atoms in the substr
following picture of the inclusion of
 

Scheme 1. T

In the spectra of free lupinine i
an intensity of 10H and 4H, respect
ring systems are observed. The dou
tributed to the protons H-10, 10. Th
tons H-11, 11. Hydroxyl protons H-

Вестник Караг

Figure 2. 13C NMR spectrum β-CD 

NMR spectra in COSY (1H-1H) and HMQC (
mo- and heteronuclear interactions in pseudoephe

on of the supramolecular inclusion complex 5. 

 

-1H) in molecule 1 Figure 4. Correlations of HMQ

molecular inclusion complexes is confirmed on the
trate and receptor atoms. Comparison of the inte
nd the substrate in individual and encapsulated f
usion complexes 5 per 1 substrate molecule. Con
rate molecule are observed for the aliphatic fragm
f pseudoephedrine in the internal cavity of β-CD (

The formation of the inclusion complex 1 with β-CD 

in the strong field at 1.03–1.64 and 1.75–1.91 pp
tively, of protons H-6, 4, 4, 3, 3, 8, 8, 5, 7, 7, and
ublet-like multiplet signal at 2.65–2.67 ppm with
he two-proton multiplet at 3.47–3.59 ppm belong
11 resonated with a broad one-proton singlet at 4
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(1H-13C) formats (Fig. 3 
edrine molecules in both 

 

C (1H-13C) in molecule 1 

e basis of changes in the 
gral intensities of the 1H 
forms showed that there 
sidering that the greatest 
ment, we can assume the 
(Scheme 1): 

 

pm multiplet signals with 
d H-9, 9, 2, 2 condensed 
h integral 2H can be at-
gs to the methylene pro-
.23 ppm. 
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Carbon atoms resonate at 21.6
in the 13C NMR spectrum of substra
attributed to carbon atoms with a nit

Analysis of the two-dimension
to establish homo- and heteronuclea
out through three bonds are determ
lupinine molecule. 
 

Figure 5. Correlations of COSY (1H-

Nonvalent bonding of atoms oc
chemical shifts of the interacting nuc
in the spectrum of the inclusion com
nal of the methylene proton in the O

For β-CD protons, the formatio
nuclei into the region of a weak field
characteristic of the H-3 and H-5 in
ternal β-CD complex is formed lupin

In the case of carbon spectra of
signals is observed. To the carbon a
at 21.59, 25.40, 27.35 and 29.33 pp
weak field signals of the C-2, 10, C-
and appear at 57.28, 64.62 and 60.5
shifts ranges from 0.03–0.25 ppm fo

Chemical shifts NMR 1H

Atom 
number 

Group 
The val

СНх 
1Н 

1 2 3 

2 -СН2-N 1.90
3 -СН2- 1.36
4 -СН2- 1.34
5 >СН- 1.58
6 >СН- 1.17
7 -СН2- 1.65

Study of supramolec

 

2 

2 (C-3), 25.40 (C-8), 25.75 (C-6), 27.40 (C-7), 2
ate 2. The weakest field signals are at 57.28, 60.4
trogen heteroatom of C-2, 10, C-9 and secondary 
nal spectra of COSY (1H-1H) and HMQC (1H-13C
ar interactions in the substrate molecule. The CO
mined between the protons of the system of c

-1H) in molecule 2 Figure 6. Correlations of HMQ

ccurs in the process of supramolecular interaction
clei. Equivalent signals of protons of condensed n

mplex with β-CD (6) in the ranges 1.00–1.62 and 
OH group as a result of complexation shifts to 3.49
on of an inclusion complex is accompanied by th
d. The largest difference in chemical shift values 

nner-sphere protons, on the basis of which it can 
nine (Table 2). 
f substrate 2, the receptor and their complex 6, a 
atoms of the condensed system, lupinine molecul
pm. The C-6 signal of the methine group is obse
-9 and C-11 atoms also underwent slight shifts on

56 ppm, respectively. The difference in the values
or carbon atoms of β-CD (Table 2). 

H and 13C 2 and β-CD in the free state and as part o

lue of δ0 in the free 
state, ppm 

The value of δ in the com-
plex, ppm 

C

13С 1Н 13С 
4 5 6 

Lupinine 
0 57.29 1.92 57.28 
6 21.62 1.34 21.59 
4 29.35 1.32 29.33 
8 41.01 1.57 41.03 
7 25.58 1.20 25.69 
5 27.40 1.64 27.42 
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29.35 (C-4), 41.00 (C-5) 
45 and 64.66 ppm can be 
C-11, respectively. 

C) (Fig. 5, 6) allowed us 
OSY correlations carried 
condensed nuclei of the 

 

C (1H-13C) in molecule 2 

n. This is reflected in the 
nuclei of lupinine appear 
1.76–1.92 ppm. The sig-
9–3.50 ppm. 
he displacement of all 1H 
(∆δ=+0.10–0.12 ppm) is 
be concluded that an in-

more significant shift of 
les correspond to signals 
erved at 25.69 ppm. The 
n the chemical shift scale 
s of changes in chemical 

T a b l e  2  

of complex 6 

Change in chemical shift 
∆δ(δ-δ0), ppm 

1Н 13С 
7 8 

0.02 -0.01 
-0.02 -0.03 
-0.02 -0.02 
-0.01 0.02 
0.03 0.11 
-0.01 0.02 
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1 2 3 

8 -СН2- 1.37
9 -СН2- 1.82
10 -СН2-N 2.66
11 -СН2ОН 3.56

1 >СН- 4.77
2 >СН- 3.27
3 >СН- 3.49
4 >СН- 3.30
5 >СН- 3.45
6 -СН2- 3.57

 
Thus, the formation of supram

chemical shifts of the characteristic
ties of the 1H NMR signals of the r
showed that in the 6 per 1 inclusion
that the greatest displacements of a
the entire lupinine molecule, the fo
assumed (Scheme 2). 
 

Scheme

In the spectrum of molecular an
4 protons, which can be correlated 
The protons of two neighboring me
(H-2ax, triplet of doublets, 2J 11.7,
manifested by a one-proton doublet 
the spectrum, protons of the pyridin
manifested themselves in the multip

Вестник Караг

C o n t i n u
4 5 6 

7 25.40 1.38 25.40 
2 64.66 1.83 64.62 
6 57.29 2.66 57.28 
6 60.45 3.55 60.49 

β-cyclodextrin 
7 102.43 4.79 102.68 
7 72.87 3.30 72.90 
9 73.54 3.61 73.69 
0 82.00 3.33 82.15 
5 72.52 3.55 72.66 
7 60.40 3.61 60.56 

molecular inclusion complexes is confirmed on 
 atoms of the substrate and receptor. Compariso
receptor molecules and the substrate in the free 
n molecule complexes there is 1 receptor molecu
atoms in the substrate molecule are observed uni
ollowing variants of encapsulating lupinine into 

 

e 2. Possible options for encapsulating 2 in β-CD 

nabasine 3 in the range from 1.25 to 1.52 ppm N
to the CH2-groups with atoms of C-4 and C-5 o

ethylene groups of the heterocycle resonate at 1.7
, 3J .7 Hz) and 2.99 (H-2eq, doublet, 2J 13.7 Hz
of doublets at 3.54 with 2J 10.8 and 3J 2.5 Hz. In 
ne cycle at 7.26 (H-11), 7.68 (H-12), 8.38 (H-10

plet signals. 

 

3 
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a t i o n  o f  T a b l e  2  
7 8 

0.01 0 
0.01 -0.04 

0 -0.01 
-0.01 0.04 

0.02 0.25 
0.03 0.03 
0.12 0.15 
0.03 0.15 
0.10 0.14 
0.04 0.16 

the basis of changes in 
n of the integral intensi-
and encapsulated forms 

ule. Taking into account 
iformly for the atoms of 
the β-CD cavity can be 

NMR 1H observed signals 
of the piperidine system. 
76 (H-3, multiplet), 2.61 
z) ppm. Proton H-6 was 
the weak-field region of 
0) and 8.50 (H-10) ppm 
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In the case of the carbon spectrum of anabasine, a similar picture is noted — the signals of 13C nuclei of 
the piperidine fragment are observed in the region of a strong field, while the pyridine cycle gives signals in 
the weak-field part. Methylene atoms C-2, C-3, C-4 and C-5 of a saturated heterocycle are signals with 
chemical shifts at 47.20, 25.97, 25.81 and 35.38 ppm, respectively. The methine atom C-6 resonates at 
59.37 ppm. Carbon atoms in the o-position of the pyridine ring give signals in the region of 148.26–148.86 
ppm m-Atoms C-7 and C-11 resonate at 141.60 and 123.66 ppm, respectively. The carbon atom C-12 ap-
peared at 134.52 ppm. It should be noted that the presence of asymmetric carbon atoms in the molecule 3 
leads to the splitting of 13C NMR signals due to the presence of antipodes in the molecules studied. 

Homo- and heteronuclear correlations in the anabasine molecule were established using the two-
dimensional spectra of COSY (1H-1H) (Fig. 7) and HMQC (1H-13C) (Fig. 8). 
 

  

Figure 7. Correlations of COSY (1H-1H) in molecule 3 Figure 8. Correlations of HMQC (1H-13C) in molecule 3 

An insignificant strong-field shift was observed (∆δ = –0.01 ppm) for protons of the piperidine ring of 
molecule 3 during complexation. In the supracomplex, the signals of the protons of the pyridine system are 
observed at 7.27, 7.68, 8.38 and 8.49 ppm. Since the signals of the piperidine fragment of the substrate un-
derwent the greatest change in the process of complexation, the assumption was made that the protons were 
bound to the protons of β-CD. 

For 1H cyclodextrin cone nuclei, the formation of a complex is accompanied by a shift of all signals to 
the weak field region. The largest difference in the chemical shift values (∆δ=+0.11–0.12 ppm) is character-
istic of the protons of the internal cavity H-3 and H-5, on the basis of which it can be concluded that the for-
mation of the supramolecular inclusion complex 7 of the cyclic polysaccharide with molecule 3 (Table 3). 

T a b l e  3  

Chemical shifts NMR 1H and 13C 3 and β-CD in the free state and as part of complex 7 

Atom number 
Group 

The value of δ0  
in the free state, ppm 

The value of δ  
in the complex, ppm 

Change in chemical shift 
∆δ(δ-δ0), ppm 

СНх 
1Н 13С 1Н 13С 1Н 13С 

Anabasine 

2 
-СНax 2.61 

47.20 
2.61 

47.16 
0 

-0.04 
-СНeq 2.99 2.99 0 

3 -СН2- 1.76 25.97 1.75 25.95 -0.01 -0.02 
4 -СН2- 1.45 25.51 1.44 25.48 -0.01 -0.03 
5 -СН2- 1.38 35.24 1.37 35.21 -0.01 -0.03 
6 >СН- 3.54 59.37 3.56 59.33 0.02 -0.06 
7 >С= – 141.60 – 141.57 – -0.03 
8 -СН=N 8.50 148.26 8.49 148.28 -0.01 0.02 
10 -СН=N 8.38 148.62 8.38 148.62 0 0 
11 -СН= 7.26 123.66 7.27 123.70 0.01 0.04 
12 -СН= 7.68 134.52 7.68 134.66 0 0.14 

β-cyclodextrin 
1 >СН- 4.77 102.43 4.79 102.66 0.02 0.23 
2 >СН- 3.27 72.87 3.30 72.96 0.03 0.09 
3 >СН- 3.49 73.54 3.61 73.68 0.12 0.14 
4 >СН- 3.30 82.00 3.34 82.16 0.04 0.16 
5 >СН- 3.45 72.52 3.56 72.65 0.11 0.13 
6 -СН2- 3.57 60.40 3.63 60.57 0.06 0.17 
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Based on the values of the inte
glucopyranose units and 6–7 water m
ecule 3 is inserted into the internal c
entering the internal cavity of the rec
 

Scheme 3. T

The cytisine 4 alkaloid in the 
H-5, 3J 6.8 Hz) and 6.16 (1H, H-3, 
pyridine core. In the area of 3.63–3
ed, and the signal of the axial proto
11, 13, 13 methylene groups associ
range of 2.73–2.90 ppm (5H), splitti
respectively. Widened singlet signa
correspond to protons H-8 and H-9. 

Analysis of the DEPT format s
nals in the carbon spectrum. Spectra
atoms of the methine groups of the 
the region of 35.33 and 27.75 ppm a

The signals of the methylene 
53.16 (C-11) and 54.07 (C-13) ppm
quaternary carbon atoms C-6 and C-

The results of the analysis of t
and HMQC (1H-13C) indicating hom
grams below (Fig. 9–11). 
 

 

Figure 9. Scheme of the COSY  
(1H-1H) correlations in molecule 4 

Вестник Караг

egral intensities of the signals of the protons of 
molecules released during complexation, it can b
cavity of one β-CD molecule with the piperidine f
ceptor (Scheme 3): 

The formation of the inclusion complex 3 with β-CD 

low-field part of the proton spectrum exhibits tw
3J 6.8 Hz) ppm and one triplet signal at 7.27 (1H
.80 ppm (2H) the resonances of the protons H-10

on is shifted to the strong-field part of the spectr
ated with the NH-group, and the methine proton
ing under the influence of neighboring atoms into
ls in the high-field part of the spectrum at 1.77 (

 
4 

spectra indicated the presence of four CH2-signals
a at 139.19, 115.60 and 104.36 ppm correspond 
α-pyridine system. Two other signals of tertiary

and are due to C-7 and C-9 atoms, respectively. 
groups of the bicyclic system appeared at 26.

m. In the weakest field at 152.95 and 162.85 ppm
-2, respectively, appear. 
two-dimensional spectra in the formats COSY (1

mo- and heteronuclear interactions in molecule 4 

Figure 10. Scheme of TOCSY  
(1H-1H) correlations in molecule 4 

Figure 1
(1H-13C) co
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CD, consisting of seven 
be assumed that one mol-
fragment of the substrate 

 

wo doublet at 6.00 (1H, 
H, H-4, 3J 6.8 Hz) of the 
0ax and H-10eq are not-
rum. Four protons H-11, 
n H-7 give signals in the 
o triplets and a multiplet, 
(2H) and 2.20 (1H) ppm 

s and five CH-group sig-
to the C-4, C-3 and C-5 

y carbon atoms appear in 

41 (C-8), 49.98 (C-10), 
m low-intensity signals of 

1H-1H), TOCSY (1H-1H) 
are presented in the dia-

11. Scheme of HMQC  
orrelations in molecule 4 
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According to Table 4, it can be
are shifted towards a weaker field 
difference in chemical shift values 
the toroidal molecule H-3 and H-5
Comparison of the proton integral
supramolecular complex of 1:1 com

Chemical shifts NMR 1H

Atom number 
Group 

Th
in the

СНх 
1Н 

2 >С=О – 
3 =СН- 6.16
4 =СН- 7.27
5 =СН- 6.00
6 >С= – 
7 >СН- 2.76
8 -СН2- 1.77
9 >СН- 2.20
10 -СН2- 3.76
11 -СН2- 2.84
13 -СН2- 2.80

1 >СН- 4.77
2 >СН- 3.27
3 >СН- 3.45
4 >СН- 3.30
5 >СН- 3.45
6 -СН2- 3.57

 

Scheme 4. T

From the above results, it follo
β-cyclodextrin with the formation o
substrates in the inner region of the
sulting supra complexes of alkaloid
mented in nanomedicine. 
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44(2), 83–100. DOI 10.1134/S00181439100

Study of supramolec

e noted that all protons of the glucopyranose β-C
compared to similar protons of the individual re
(∆δ(1H)=0.15 m.e.) are observed in the protons 

5. That serves as evidence of the formation of a
l intensities of the substrate and receptor indic

mposition (Scheme 4). 

H and 13C 4 and β-CD in the free state and as part o

he value of δ0  
e free state, ppm 

The value of δ  
in the complex, ppm 

C

13С 1Н 13С 
Cytisine 

162.85 – 162.92 
6 115.60 6.17 115.62 
7 139.19 7.28 139.27 
0 104.36 6.01 104.51 

152.95 – 152.89 
6 35.33 2.76 35.27 
7 26.41 1.78 26.35 
0 27.75 2.21 27.69 
6 49.98 3.76 49.98 
4 53.16 2.86 53.08 
0 54.07 2.81 54.01 

β-cyclodextrin 
7 102.43 4.79 102.49 
7 72.87 3.29 72.97 
5 73.54 3.60 73.60 
0 82.00 3.31 82.12 
5 72.52 3.60 72.59 
7 60.40 3.62 60.49 

The formation of the inclusion complex 4 with β-CD 

Conclusions 

ows that all the alkaloids studied enter supramole
f 1:1 inclusion complexes with the occurrence of
 receptor. This will increase the solubility of sub

ds are essentially nanocomplexes of the latter an
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T a b l e  4  

of complex 8 

Change in chemical shift 
∆δ(δ-δ0), ppm 

1Н 13С 

– 0.07 
0.01 0.02 
0.01 0.08 
0.01 0.15 

– -0.06 
0 -0.06 

0.01 -0.06 
0.01 -0.06 

0 0 
0.02 -0.08 
0.01 -0.06 

0.02 0.06 
0.02 0.10 
0.15 0.06 
0.01 0.12 
0.15 0.07 
0.05 0.09 
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О.А. Нүркенов, Т.М. Сейлханов, С.Д. Фазылов,  
А.Ж. Исаева, О.Т. Сейлханов, Л.М. Власова 

Псевдоэфедрин, лупинин, анабазин  
жəне цитизиннің β-циклодекстринмен супрамолекулалық қосылу  

кешендерін ЯМР спектроскопия əдісімен зерттеу 

Бірөлшемді 1Н, 13С, DEPT жəне екіөлшемді COSY (1H-1Н), HMQC (1H-13С) жəне ТOCSY (1Н-1Н) ЯМР 
спектроскопиялары əдістері арқылы псевдоэфедрин, лупинин, анабазин жəне цитизин алкалоидтары, 
сонымен қатар құрамында циклдық полисахариды бар β-циклодекстрин қосылу кешендері зерттелді. 
Зерттеліп отырған алкалоид молекулаларындағы протондармен үш байланыс арқылы біріккен 
протондардың корреляция сызбасы жəне COSY (1H-1Н) жəне HMQC (1H-13С) бір байланысты көміртек 
атомдары протондарының корреляциясы келтірілген. Зерттеліп отырған алкалоидтарды сəйкестендіру 
кезінде COSY (1H-1Н), HMQC (1H-13С) жəне ТOCSY (1Н-1Н) екіөлшемді спектроскопия мүмкіндіктері 
циклдік полисахаридты рецепторы бар супрамолекулалық өздік жинақталған субстраттардың 
құрылымын дұрыс əрі нақты сəйкестендіруге мүмкіндік берді. Сонымен қатар COSY (1H-1Н) жəне 
HMQC (1H-13С) ЯМР-тың гомо- жəне гетероядролы корреляциясы β-циклодекстрин циклдік 
полисахаридтың құрылымы мен құрылысын сəйкестендіруге жəне растауға қолданылды. 
Псевдоэфедрин, лупинин, анабазин, цитизин, β-циклодекстриннің жəне олардың қосылу кешендерінің 
ЯМР спектрлеріне салыстырмалы талдау жүргізілді. Псевдоэфедрин, лупинин, анабазин, цитизин, 
β-циклодекстриннің жəне олардың қосылу кешендеріндегі 1Н жəне 13С ядролардың химиялық жылжу 
мəндерінің өзгеруі анықталды. ЯМР 1Н спектрлеріндегі субстрат пен рецептордың протондық 
интегралдық қарқындылықтарының мəні бойынша зерттеліп отырған псевдоэфедрин, лупинин, 
анабазин жəне цитизиннің β-циклодекстринмен супрамолекулалық əрекеттесуі молекула 1 
гидрафобты фрагментінің рецептор молекуласының 1 ішкі қуысына енуімен жүреді. 

Кілт сөздер: псевдоэфедрин, лупинин, анабазин, цитизин, β-циклодекстрин, қосылу кешені, ЯМР 
спектроскопиясы. 
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Исследование супрамолекулярных комплексов включения  
псевдоэфедрина, лупинина, анабазина и цитизина  
с β-циклодекстрином методом спектроскопии ЯМР 

Методами ЯМР одномерной 1Н, 13С и DEPT и двумерной спектроскопии COSY (1H-1Н), HMQC 
(1H-13С) и ТOCSY (1Н-1Н) исследованы алкалоиды псевдоэфедрин, лупинин, анабазин и цитизин, а 
также их супрамолекулярные комплексы включения с циклическим полисахаридом β-циклодек-
стрином. Представлены схемы корреляций протонов с протонами через три связи и схемы корреляций 
протонов с углеродными атомами через одну связь COSY (1H-1Н) и HMQC (1H-13С) в молекулах ис-
следуемых алкалоидов. Использование при идентификации изучаемых алкалоидов возможностей 
двумерной спектроскопии COSY (1H-1Н), HMQC (1H-13С) и ТOCSY (1Н-1Н) позволило правильно и 
однозначно идентифицировать строение субстратов супрамолекулярной самосборки с циклическим 
полисахаридным рецептором. Гомоядерная и гетероядерная корреляция ЯМР COSY (1H-1Н) и HMQC 
(1H-13С) применена также для идентификации и подтверждения строения и структуры циклического 
полисахарида β-циклодекстрина. Были определены химические сдвиги алифатических и гидроксиль-
ных протонов внутренней и внешней поверхности рецептора. Проведен сравнительный анализ спек-
тров ЯМР 1Н и 13С псевдоэфедрина, лупинина, анабазина и цитизина, β-циклодекстрина и их супра-
молекулярных комплексов включения. Определены изменения значений химических сдвигов ядер 1Н 
и 13С псевдоэфедрина, лупинина, анабазина и цитизина, а также β-циклодекстрина в комплексах 
включения. По величине протонных интегральных интенсивностей субстрата и рецептора в спектрах 
1Н ЯМР было определено, что супрамолекулярное взаимодействие исследуемых псевдоэфедрина, лу-
пинина, анабазина и цитизина с β-циклодекстрином сопровождается вхождением гидрофобных фраг-
ментов 1 молекулы субстрата во внутреннюю полость 1 молекулы рецептора. 

Ключевые слова: псевдоэфедрин, лупинин, анабазин, цитизин, β-циклодекстрин, комплексы включе-
ния, спектроскопия ЯМР. 
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Component composition of Achillea salicifolia Besser essential oil  
and its biological activity 

In the present article the component composition and biological activity of the essential oil of Achillea 
salicifolia Besser (Asteraceae Family) were studied. The raw material of plant was collected during the flow-
ering period in the Akmola region of the Republic of Kazakhstan. The plant materials were dried at the shade 
and their essential oils were obtained by hydrodistillation using Clevenger-type device, the yield was 0.34 %. 
The component composition of essential oil was analyzed using GC/MS Clarus-SQ 8 (Perkin Elmer). Anti-
radical activity of essential oil was evaluated according to 2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid 
(GA) and butylhydroxyanisole (BHA) were used as comparison reagents. Cytotoxic activity was carried out 
using test on larvae of Artemia salina. Antibacterial effect of EO was evaluated in vitro against 3 pathogenic 
bacteria species, namely gram-positive — Staphylococcus aureus 6532, Bacillus cereus, gram-negative — 
Salmonella enteridis and microscope fungi Candida albicans SC5314. Forty seven components representing 
91.2 % composition of the essential oil were characterized. The main components of the oil were α-thujone 
(43.0 %), 1,8-cineole (11.0 %), terpinen-4-ol (5.3 %), camphor (5.3 %) and sabinene (3.1 %). According to 
the results of DPPH assay, A. salicifolia showed low antiradical activity comparing with BHA and lethal tox-
icity concerning crustaceans of Artemia salina larvae in all tested concentrations (1–10 mg·ml-1). 

Keywords: Achillea salicifolia Besser, essential oil, gas chromatography–mass spectrometry, antimicrobial, 
cytotoxic and anti-radical activities, Artemia salina, 2,2-diphenyl-1-picrylhydrazyl. 

 

Introduction 

Achillea L. is one of the most important genera of the Asteraceae (Compositae) family, which includes 
over 120 species. This genus is widely distributed in Europe, Asia and Northern Africa, and is naturalized in 
other parts of the world [1]. Achillea species have been previously reported with pharmaceutical useful prop-
erties, such as antioxidant, antimicrobial [2], spasmolytic, antidiabetic, antiulcer, anti-tumor, choleretic, 
hepatoprotective activity and cytotoxic effects [3–9]. 

The Achillea genus has a wide distributional range, and the differences in oil composition may be af-
fected by different environmental factors such as plant genetic type, seasonality, and developmental stage, 
because it is a chemically polymorphic and perennial plant. Terpenoids (1,8-cineole, camphor, borneol, 
pinenes, artemisia ketone, santolina alcohol, farnesane, caryophyllene and its oxides, cubebene, germacrenes, 
eudesmol, α-bisabolol and oxides, farnesene, γ-gurjunene, γ-muurolene and chamazulene) are the main com-
ponents of Achillea’s essential oils [10]. 

The component composition and antimicrobial activity of essential oil of A. salicifolia Besser (collected 
from Ardahan between Gole, Turkey) were studied by Turkish researchers. The study showed that the main 
components of essential oil were camphor (55.3 %), 1,8-cineole (22.8 %), 2,5,5-trimethyl-3,6-heptadien-2-ol 
(4.4 %), camphene (3.2 %), artemisia alcohol (3.2 %), terpinene-4-ol (3.0 %), α-terpineol (2.5 %) and bornyl 
acetate (2.0 %). The essential oil showed weak antifungal activity and effectiveness against a wide spectrum 
of microorganisms and Candida albicans. The authors explained this effect to the content the compounds — 
camphor and 1,8-cineole in the oil, which were known as antimicrobial agents [11]. 

The aim of present study is to investigate the component composition of essential oil of A. salicifolia 
Besser, collected in Kazakstan, and compare with the results from Turkey; and to make a conclusion how the 
differences of components have influence on biological activity. Also we included results from antiradical 
and cytotoxic activity of the essential oil, which have not been reported before. 
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Experimental 

Aerial parts of Achillea salicifolia were collected in Akmola region of the Republic of Kazakhstan on 
August 19, 2017. The voucher specimen was prepared and deposited in Herbarium of the Biological and Ge-
ographical Faculty of Buketov Karaganda State University (N1984.08.14.01.01). 

The essential oil was extracted from the dried leaves and flowers using a Clevenger-type water distilla-
tion apparatus for 2 hours. The yield was 0.34 %. Determination of component composition of A. salicifolia 
essential oil was carried out on the Clarus-SQ 8 (PerkinElmer) Gas Chromatograph equipped with Mass-
spectrometer (GC/MS apparatus). 

Preparation of sample of essential oil: about 25 mg (exact weight) of essential oil A. salicifolia placed 
into a 25 ml volumetric flask, dissolved in 15 ml of hexane, adjusted to volume and stirred until complete 
mixing of the oil. 

Chromatographic conditions: capillary column — Restek Rxi®-1 ms 0.25 mm × 30 m × 0.25 µm, sam-
ple volume: 1.0 µl, carrier gas — He, carrier gas speed: 1 ml min-1, split ratio 1:25, temperature of column: 
40 ºC, rise of 2 ºC min-1 to 280 ºC, temperature of evaporator — 280 ºC, mass spectrometric detection: tem-
perature — 240 ºC, EI+ = 70 eV, the scanning time from 4 to 120 minutes, the scan mode ion 39–500 m/z. 
The percentages of components are automatically calculated based on the total peak areas of the chromato-
gram of ions (Fig. 1). Components were identified by mass spectra and the retention times, with use of NIST 
library. 

As shown in Table 1 the volatile composition of A. salicifolia contains α-thujone — 43.0 %, 1,8-ci-
neole — 11.0 %, camphor — 5.3 %, terpinen-4-ol — 5.3 % as main components. Mostly main components 
belong to monoterpenoids. 
 

 

Figure 1. Chromotogram of GC/MS experiment of the essential oil of A. salicifolia 

T a b l e  1  

Component composition of essential oil of A. salicifolia 

Rlit Rcalc Compound  Area, % Rlit Rcalc Compound Area, %
1 2 3 4 5 6 7 8 

800±2 797 n-Hexanal 0.1 1167±2 1160 Borneol 1.1 
821 842 Cyclopropane,  

1,1-dimethyl-2-(2-methyl-
2-propenyl)- 

0.3 1177±2 1170 Terpinen-4-ol 5.3 

929±2 919 α-Thujene 0.2 1190±N/A 1171 α-Thujenal 0.2 
929±7 925 α-Pinene 0.7 1193±3 1181 Myrtenal 0.1 
952±2 939 Camphene 0.5 1189±2 1183 α-Terpineol 0.9 
962±3 950 Benzaldehyde 0.1 1208±3 1197 trans-Piperitol 0.2 
974±2 963 Sabinene 3.1 1239±3 1228 p-Isopropylbenzaldehyde 0.2 

943 966 β-Pinene 0.3 1285±3 1275 Bornyl acetate 1.5 
991±2 980 2,3-Dehydro-1,8-cineole 0.2 1297±N/A 1283 trans-Sabinyl acetate 0.5 

1017±2 1009 α-Terpinene 1.2 1357±3 1343 Eugenol 0.1 
1025±2 1016 p-Cymene 1.2 1419±3 1405 Caryophyllene 0.2 
1032±2 1023 1,8-Cineole 11.0 1457±2 1445 (E)-β-Famesene 0.6 

,  17-Nov-2017 + 15:32:32Achillea salicifolia in hexane

12.30 22.30 32.30 42.30 52.30 62.30 72.30 82.30 92.30 102.30 112.30
Time0

100

%

Achillea salicifolia hexane3 Scan EI+ 
TIC

6.89e9
23.41

17.14

12.93

10.46

23.19

24.12 29.42

38.3830.65 54.28
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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 6 7 8 

1060±3 1050 γ-Terpinene 1.9 1481±3 1462 Germacrene D 0.7 
1070±4 1063 cis-Sabinene hydrate 1.6 1471±24 1475 Elixene 0.1 
1088±2 1078 Terpinolene 0.4 1509±3 1491 β-Bisabolene 0.1 
1103±2 1104 α-Thujone 43.0 1569 iu 1552 Longipinocarvone 0.2 
1107±2 1108 2-Methylbutyl isovalerate 0.2 1576±2 1557 Spathulenol 0.1 
1103±2 1112 α-Thujone 5.3 1581±2 1561 Caryophyllene oxide 0.3 
1122±3 1117 cis-2-Menthenol 0.4 1637±4 1623 Caryophylladienol II 0.2 
1139±2 1130 trans-Pinocarveol 0.3 1649±2 1641 β-Eudesmol 0.3 
1143±0 1132 cis-Sabinol 0.2 1695±N/A 1674 (1R,7S, E)-7-Isopropyl-4,10-

dimethylenecyclodec-5-enol 
0.1 

1143±9 1136 Camphor 5.3 2092±4 2087 Methyl linoleate 0.2 
1164±N/A 1150 Pinocarvone 0.3 2091±7 2096 Methyl oleate 0.2 

Total 91.2 
 

Determination of antiradical activity of essential oil 
Studying antiradical activity of essential oil was performed in regard to 2,2-diphenyl-1-picrylhydrazyl 

radical (DPPH). Absorbance analytes dependent on the concentration were measured on a spectrophotometer 
Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity of essential oil was compared with 
butylhydroxyanisole (BHA). The values of antiradical activity (ARA) were calculated using the formula 
shown below: 
 АRА (%) = (A0 – At) / A0 *100 %, 
where A0 — is optical density of control; At — is the optical density of the working sample [12]. 

DPPH molecule forms a free radical that is stable in the different environments and wide range temper-
ature, due to the maximum freedom of the electron delocalization over the entire molecule and spatial shield-
ing atoms bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where may 
occur the isomerization or disproportionation. In addition, delocalization is causing intense violet color of 
this radical in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a 
proton; there is a restoration of the radical, resulting in the violet color turns into yellow. The results of the 
experiment showed that the essential oil of A. salicifolia has low antiradical activity (Tables 2, 3). 

T a b l e 2  

The change in optical density depending on the concentration 

No Sample 
Values of optical density depending on concentration, mg·ml-1 

0.1 0.25 0.5 0.75 1.0 
1 BHA 0.1362 0.1333 0.1257 0.1202 0.1145 
2 A. salicifolia (aerial part) 0.7376 0.7106 0.6430 0.6130 0.5870 

 

T a b l e  3  

Antiradical activity of essential oil in various concentrations, % 

No Sample 
The concentrations of essential oil, mg·ml-1 

0.1 0.25 0.5 0.75 1.0 
1 BHA 80.82 81.23 82.30 83.08 83.88 
2 A.salicifolia (aerial part) 3.62 7.14 15.99 19.91 23.30 

 
Determination of the cytotoxic activity of essential oil was carried out for the first time. 
The 55 ml separator funnel was filled with artificial sea water and added 200 mg eggs of Artemia sa-

lina. Then, it was kept with a soft supply of air for three days, until the crustaceans hatch from eggs. The one 
side of funnel was covered with aluminum foil, and after 5 minutes, the larvae, which moved on the bright 
side of the separator funnel were removed with a Pasteur pipette. 

20–40 Larvae were placed into each of the 24 micro titer plates with 990 μl of seawater. Dead larvae 
were counted under a microscope. 10 μl of dimethylsulfoxide solution per 10 mg·ml-1 sample was added. 
Actinomycin D or staurosporine was used as a standard comparison reagent, and DMSO was a negative con-
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trol. After 24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility) 
the dead larvae were counted under the microscope. 

Mortality P was determined by the following formula: 
 P = (A – N – B) / Z × 100 %, 
where A is amount of dead larvae after 24 h; N is amount of larvae died before the test; B is the average 
amount of larvae died in a negative control; Z is the total amount of larvae [13]. 

Results of the study the cytotoxic activity of essential oils are shown in Table 4. 

T a b l e  4  

The cytotoxic activity of essential oils of A. salicifolia 

Parallel 

The amount of 
larvae in the  

control 

The amount of larvae in a 
sample 

The amount of 
surviving  

larvae in the 
control, % 

The amount of 
surviving larvae 

in sample, % 

Mortal-
ity, P,% 

The 
percentage of 
neurotoxicity, 

% 
sur-

vivors 
died 

sur-
vivors 

died paralyzed

10 mg·ml-1

1 24 1 0 24 0 

96 0 96 0 
2 26 2 0 26 0 
3 23 0 0 28 0 

Average 24 1 0 26 0 
5 mg·ml-1

1 24 1 0 26 0 

96 0 96 0 
2 26 2 0 23 0 
3 23 0 0 32 0 

Average 24 1 0 27 0 
1 mg·ml-1

1 24 1 0 21 0 

96 0 96 0 
2 26 2 0 27 0 
3 23 0 0 27 0 

Average 24 1 0 25 0 
 

Based on this experiment it can be assumed that the essential oil of A. salicifolia in all concentrations 
tested exhibit acute lethal toxicity — all larvae are died. 

The antimicrobial assay was performed a broth microdilution method against 3 bacterial strains; i.e. 
gram-positive — Staphylococcus aureus 6532, Bacillus cereus, gram-negative — Salmonella enteridis and 
Candida albicans SC5314. Ampicillin and fluconazole standard antibiotics were used as a positive and 
DMSO as a negative controls. The stock solution was prepared in DMSO and concentration was 50 mg ml-1. 
The final concentration was varied from 2.5 mg·ml-1 till 0.2 mg·ml-1 for bacterial strains and from 
1.25 mg·ml-1 till 0.1 mg ml-1 for Candida albicans. The lowest concentration that inhibits growth was deter-
mined as MIC value. 

T a b l e  5  

Antimicrobial activity of essential oil of A. salicifolia, mg·ml-1 

Microorganisms 
MIC 

EO Ampicillin Fluconazole 
Staphylococcus aureus 6532 1.25 0.25 - 
Bacillus cereus 1.25 0.25 - 
Salmonella enteritidis 0.63 0.25 - 
Candida albicans SC 5314 0.31 - 0.066 
 

The results of antimicrobial activity showed that against gram-positive bacterial strains MIC of essential 
oil was 1.25 mg·ml-1, against gram-negative 0.63 mg·ml-1 and 0.31 mg·ml-1 against Candida albicans SC 
5314 respectively. Thus, the essential oil was effective against Candida albicans SC 5314 (0.31 mg·ml-1). 
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Conclusions 

We have investigated the chemical composition, antiradical, cytotoxic and antimicrobial activities of 
the essential oil of A. salicifolia wild growing in Akmola region (Kazakhstan). The essential oil possessed 
quite different chemical composition as compared with the oil composition of the same species reported in 
previously published study. The main constitute in the essential oil were α-thujone — 43.0 %, 1,8-cineole — 
11.0 %, camphor — 5.3 %, terpinen-4-ol — 5.3 % while the main constitute of the oil from other study was 
camphor — 55.3 %, 1,8-cineole — 22.8 %, 2,5,5-trimethyl-3,6-heptadien-2-ol — 4.4 %, camphene — 
3.2 %, artemisia alcohol — 3.2 %, terpinene-4-ol — 3.0 %, α-terpineol — 2.5 % and bornyl acetate — 2.0 % 
[11]. The yield of essential oil was 0.34 %, it was higher than essential oil from Turkey (0.08 %). Antimicro-
bial tests provided information that essential oil had low activity against gram-positive (MIC —  
1.25 mg·ml-1) and gram-negative (MIC — 0.63 mg·ml-1) bacterial strains and significant effective against 
Candida albicans SC 5314 (MIC — 0.31 mg·ml-1) as comparing with previous study. It can be assumed that 
low antimicrobial activity is associated with a low content of camphor and 1,8-cineole. 

In present study antioxidant and cytotoxic tests results of the essential oil of A. salicifolia were reported 
for the first time. The essential oil showed lethal toxicity on Artemia salina larvae; and low antiradical activi-
ty in all concentrations tested. These studies confirmed that the essential oil of the plant can be different in 
quantity and quality according to geographical and environmental conditions and the period of plant growth 
and proceeding from this fact the different level biological activity. 
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Е.М. Сүлеймен, А.Ш. Жанжаксина, М.Ю. Ишмуратова 

Achillea salicifolia Besser эфир майының компоненттік құрамы  
жəне оның биологиялық белсенділігі 

Мақалада Achilllea salicifolia Besser (Asteraceae тұқымдастығы) өсімдігі эфир майының компоненттік 
құрамы жəне биологиялық белсенділігінің зерттеу нəтижелері келтірілген. Achilllea salicifolia Besser 
өсімдік шикізаты гүлдену кезеңінде Қазақстан Республикасының Ақмола облысында жиналған. Эфир 
майы сулы дистилляция əдісімен алынды, шығымы 0,34 % құрады. Эфир майының компоненттік 
құрамы Clarus-SQ 8 (PerkinElmer) масс-спектрометриялық детекторымен қамтылған хроматограф 
көмегімен анықталған. Сонымен қатар эфир майы радикалға, микробқа қарсы жəне цитоуыттылық 
белсенділігі зерттелді. Эфир майының цитоуыттылық белсенділігі Artemia salina дернəсілдерінде 
анықталды. Радикалға қарсы белсенділігі 2,2-дифенил-1-пикрилгидразил затына қатысты зерттелді, 
салыстыру реагенті ретінде галл қышқылы жəне бутилгидроксианизол қолданылды. Микробқа қарсы 
белсенділік үш түрлі патогенді бактерияларға: грамоң — Staphylococcus aureus 6532, Bacillus cereus; 
грамтеріс — Salmonella enteridis жəне Candida albicans SC5314 қолдана анықталды. Зерттеулер 
нəтижесінде Achilllea salicifolia Besser эфир майының негізгі компоненттері (47 компонент) 91,2 % 
құрайтын, туйон (43,0 %), 1,8-цинеол (11,0 %), терпинен-4-ол (5,3 %), камфора (5,3 %) жəне сабинен 
(3,1 %) болды. Эфир майынның Artemia salina дернəсілдеріне қатысты барлық сыналған концентрация 
мəндерінде (1–10 мг·мл-1) жоғары улылық жəне төмен радикалға қарсы белсенділікті көрсетті. 

Кілт сөздер: Achillea salicifolia Besser, эфир майы, газ хроматография–масс-спектрометрия, микробқа 
қарсы, цитоуыттылық жəне радикалға қарсы белсенділіктер, Artemia salina, 2,2-дифенил-1-
пикрилгидразил. 

 
Е.М. Сүлеймен, А.Ш. Жанжаксина, М.Ю. Ишмуратова 

Компонентный состав эфирного масла Achillea salicifolia Besser  
и его биологическая активность 

В статье даны результаты исследования компонентного состава и биологической активности 
эфирного масла Achilllea salicifolia Besser (семейства Asteraceae). Растительное сырье было собрано в 
период цветения в Акмолинской области Республики Казахстан. Эфирное масло было получено 
методом гидродистилляции, выход продукта составил 0,34 %. Компонентный состав эфирного масла 
изучен с помощью газового хроматографа с масс-спектрометрическим детектором Clarus-SQ 8 (Perkin 
Elmer). Также былa изученa антирадикальная, антимикробная и цитотоксическая активность эфирного 
масла. Определение антирадикальной активности эфирного масла проводили по отношению к 
2,2-дифенил-1-пикрилгидразилу, в качестве реагента сравнения использовали галловую кислоту и 
бутилгидроксианизол. Цитотоксическая активность проведена с использованием теста на личинках 
рачков Artemia salina. Антимикробную активность эфирного масла оценивали против трех видов 
патогенных бактерий: грамположительные — Staphylococcus aureus 6532, Bacillus cereus, 
грамотрицательные — Salmonella enteridis и Candida albicans SC5314. В результате проведенных 
исследований установлено, что основными компонентами эфирного масла (47 компонентов, 
составляющих 91.2 %), были α-туйон (43.0 %), 1.8-цинеол (11.0 %), терпинен-4-ол (5.3 %), камфора 
(5.3 %) и сабинен (3.1 %). Эфирное масло Achilllea salicifolia Besser проявляет летальную токсичность 
в отношении личинок Artemia salina во всех испытанных концентрациях (1–10 мг·мл-1) и обладает 
низкой антирадикальной активностью. 

Ключевые слова: Achillea salicifolia Besser, эфирное масло, газовая хроматография–масс-
спектрометрия, антимикробная, цитотоксическая и антирадикальная активности, Artemia salina, 
2,2-дифенил-1-пикрилгидразил. 
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Solution behavior of quenched or strongly charged polyampholytes  
in aqueous-salt solutions 

Quenched (or strongly charged) polyampholytes based on fully charged anionic monomer — sodium salt of 
2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and cationic monomer — (3-acrylamidopropyl)-
trimethylammonium chloride (APTAC) were synthesized by radical copolymerization and their behavior was 
studied in aqueous-salt solutions. A series of unbalanced (AMPS-25 and AMPS-75) and balanced (AMPS-
50) quenched polyampholytes were characterized by 1H NMR, FTIR, GPC, DLS, viscosity, DSC, TGA. It 
was established that at the isoelectric point (IEP) the quenched polyampholytes in aqueous solutions are stabi-
lized by cooperative intraionic contacts between strong charged anionic and cationic moieties. The conforma-
tional state of AMPS-25 and AMPS-75 in aqueous solution is represented as «core» and «shell» structure. 
The «core» part behaves polyampholyte character (PA region) while the «shell» part exhibits polyelectrolyte 
effect (PE region). Increasing of the ionic strength tends to shrink the polyelectrolyte «shell» and to swell the 
polyampholyte «core». In contrast to AMPS-25 and AMPS-75, the hydrodynamic size of balanced 
polyampholyte AMPS-50 at the IEP increases upon increasing of the ionic strength demonstrating the 
antipolyelectrolyte behavior. In aqueous solution the isoelectric points of quenched polyampholytes were 
found to be pH 6.1±0.1. In the presence of KCl the positions of the IEP shifted to pH 6.5–7.0 due to specific 
binding of chloride ions by quaternary ammonium groups of «quenched» polyampholytes. 

Keywords: quenched polyampholytes, isoelectric point, hydrodynamic size, intrapolyelectrolyte complexes, 
«core-shell» structure, polyampholyte regime, polyelectrolyte regime, ionic strength. 

 

Introduction 

Quenched polyampholytes [1–3] are fully charged polyampholytes prepared from the charged cationic 
and anionic monomers retaining in contrast to annealed polyampholytes their respective charges over a wide 
range of pH. Typical examples of quenched polyampholytes are copolymers of 2-acrylamido-2-methyl-
propanesulfonate sodium salt (AMPS) and 2-acrylamido-2-methylpropyldimethylammonium chloride 
(AMPDAC) or (3-acrylamidopropyl)trimethylammonium chloride (APTAC) prepared by microemulsion 
polymerization [4–8]. The precipitation of charged monomer counterions as silver salt was observed for stoi-
chiometric mixture of 2-methacryloyloxyethyltrimethylammonium iodide (METMAI) and silver salt of 
2-methcaryloyloxyethanesulfonate (AgMES) [2]. As a result, the AgI as precipitates and the METMA-MES 
as ion-pair monomers retains in solution. Polymerization of such ion pairs produces equimolar quenched 
polyampholyte without inorganic counterions. Quenched polyampholytes prepared in solution have a ten-
dency to be alternative because of the strong electrostatic attractive forces acting between the opposite 
charged monomers. 

McCormick and co. [9–13] synthesized a series of low- and high-charge-density ampholytic copoly-
mers of AMPS and AMPDAC and thoroughly studied their solution properties. In studied systems the 
sulfonate and quaternary ammonium groups are pH insensitive and the charge balance of these terpolymers 
is exclusively determined by composition of copolymers. 

Amphoteric terpolymers consisting of acrylamide, sodium styrene sulfonate, and acryloxyethyl 
trimethylammonium chloride monomers, demonstrated excellent thermal-resistance and shear-stability in 
high-salinity solution [14]. Due to remarkable salinity tolerance, temperature resistance, and shear stability 
they may be widely applied in drilling fluids and oil recovery. 

Low and high molecular weight amphoteric random copolymers of AMPS-APTAC with equimolar 
composition were prepared via reversible addition-fragmentation chain transfer (RAFT) radical polymeriza-
tion and conventional free-radical polymerization (FRP) [15]. The copolymer prepared by RAFT was soluble 
in pure water and formed inter-polymer aggregates while the same copolymer prepared by FRP was insolu-
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ble in pure water but dissolved in aqueous solutions of NaCl. Such difference in solubility is connected with 
formation of intra- and inter-chain interactions that enhanced with increasing the molecular weight. 

According to literature survey the quenched polyampholytes are less considered subject in comparison 
with annealed polyampholytes [16–18] and polymeric betaines [19]. 

In the present paper the solution properties of linear polyampholytes consisting of fully charged anionic 
AMPS and cationic APTAC monomers are considered together with their behavior at the isoelectric point 
where the whole macromolecules are quasineutral. 

Experimental 

Materials 
2-Acrylamido-2-methylpropanesulfonic acid sodium salt (AMPS, 98 wt.%) and (3-acrylamidopropyl)-

trimethylammonium chloride (APTAC, 75 wt.% in water), and ammonium persulfate (APS, 99 % purity) 
were purchased from Sigma-Aldrich Chemical Co. used without further purification. 

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

Bruker 400 MHz (Bruker, Germany). FTIR spectra were recorded on a Cary 660 FTIR (Agilent, USA). The 
average molecular weights (Mw and Mn) of aqueous solutions of AMPSNa-APTAC were measured by gel-
permeable chromatography (GPC) using Viscotek (Malvern) chromatograph equipped with 270 dual detector 
(Malvern) and VE 3580 RI detector (Malvern). Two 6000M columns (Malvern) were used and DMF was as 
mobile phase at 0.7 mL/min flow rate. Polystyrene standard samples (PolyCAL™, Malvern) were used in 
order to plot the calibration curve. The injection volume of sample was equal to 100 µL. The viscosity of 
polymers was measured on Ubbelohde viscometer at 25±0.1 ºC. The average hydrodynamic size and zeta-
potential of AMPS-APTAC copolymers were determined with the help of Zetasizer Nano ZS90 (Malvern, 
UK) at 30 ºC. TGA and DSC measurements were performed on «LABSYS evo» (Setaram, France) at heat-
ing rate 10 ºC/min. Ionic strength of the solution was adjusted by reagent grade KCl. The pH of the solution 
was regulated by adding of 0.1M HCl or 0.1M NaOH. 

Results and Discussion 

Synthesis and characterization of AMPS-APTAC copolymers 
Quenched polyampholytes based on AMPS and APTAC were synthesized by free radical 

(co)polymerization in the presence of APS at 60 ºC during 4 h at various molar ratio of initial monomers 
[AMPS]:[APTAC] = 75:25, 50:50 and 25:75 mol/mol. Further in dependence of molar fraction of AMPS 
they are abbreviated as AMPS-25, AMPS-50 and AMPS-75 (Fig. 1). 
 

 

Figure 1. Polymerization protocol of AMPS and APTAC 

The obtained copolymers were dissolved in distilled water, dialyzed against deionized water and freeze-
dried. 1H NMR spectra of AMPS-75, AMPS-50 and AMPS-25 in D2O are shown in Figure 2. 
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polymerization. The conversion of AMPS-APTAC copolymers found from 1H NMR spectra exceeded 80 %. 
The weight-average molecular weight (Mw), the number-average molecular weight (Mn), and z-average mo-
lecular weight (Mz) together with polydispersity index (PDI) of the AMPS-APTAC copolymers according to 
GPC measurements are summarized in Table 3. 

T a b l e  3  

The molecular weights and PDI of AMPS-APTAC copolymers 

Copolymers Mw⋅10–5 Mn⋅10–5 Mz⋅10–5 PDI 
AMPS-75 6.40 6.37 6.50 1.01 
AMPS-50 3.31 2.01 5.11 1.65 

 
Solution properties of AMPS-APTAC copolymers 
Concentration dependence of the reduced viscosity of AMPS-APTAC at different ionic strengths of the 

solution (μ) expressed as mol⋅L-1 of KCl is demonstrated in Figures 4–6. 
 
  

μ (mol⋅L-1): 1 — 0; 2 — 0.1; 3 — 0.5; 4 — 0.75; 5 — 1.0 

Figure 4. Concentration dependence  
of the reduced viscosity of AMPS-25 

μ (mol⋅L-1): 1 — 0; 2 — 0.1; 3 — 0.5; 4 — 0.75; 5 — 1.0 

Figure 5. Concentration dependence  
of the reduced viscosity of AMPS-75  

 

μ (mol⋅L-1): 1 — 0.05; 2 — 0.1; 3 — 0.75; 4 — 1.0; 5 — 0.5

Figure 6. Concentration dependence  
of the reduced viscosity of AMPS-50  

Figure 7. Dependence of the intrinsic viscosity  
of AMPSNa-APTAC copolymers on the ionic  

strength of the solution adjusted by KCl 

 



Solution behavior of quenched or strongly charged polyampholytes … 

Серия «Химия». № 2(94)/2019 39 

The unbalanced AMPS-APTAC polyampholytes, to whom belong AMPS-25 and AMPS-75, can be 
considered as a combination of polyampholyte and polyelectrolyte regimes because the charge imbalance 
causes the increasing of net charge of macromolecules. In that case, the conformational state of AMPS-25 
and AMPS-75 in aqueous solution can be represented similar to «core» and «shell» structure. The «core» 
part containing the equal amount of positive (25 mol.%) and negative (25 mol.%) charges that are mutually 
compensated can belong to polyampholyte region. The «shell» part of AMPS-25 and AMPS-75 containing 
the excess of either positive or negative charges is responsible for water solubility and should give to mac-
romolecules polyelectrolyte character. Since the «core» part of AMPS-50 comprising of equal number of 
positive and negative charges (balanced polyampholyte) has no excess of positive and negative charges in 
«shell» part, it forms a fine suspension in water but is soluble in salt solution. Surprisingly in pure water 
AMPS-25 and AMPS-75 do not exhibit polyelectrolyte effect in spite of the excess of positive (Z = +50 mV) 
and negative (Z = –40 mV) charges. Concentration dependence of the reduced viscosity has a linear charac-
ter (Figs. 4 and 5). Decreasing of the reduced viscosity upon dilution is probably connected with domination 
of polyampholyte effect over polyelectrolyte effect. Intramolecular salt bonds (50 mol.%) formed between 
25 mol.% positive and 25 mol.% negative charges (polyampholyte effect) prevail the electrostatic repulsion 
of similar charges (polyelectrolyte effect) in macromolecular chains. In other words, due to counteracting of 
polyampholyte and polyelectrolyte effects the conformation of macromolecules remains unchanged (or 
slightly changed) upon dilution in spite of the excess of positive or negative charges. As seen from Figures 4 
and 5 the reduced viscosity of AMPS-25 and AMPS-75 decreases with increasing of the ionic strength. In 
contrast, the reduced viscosity of AMPS-50 increases upon addition of KCl demonstrating antipoly-
electrolyte behavior (Figs. 6 and 7). Since AMPS-25 and AMPS-75 contain an excess of positive and nega-
tive charges and behave polyelectrolyte character, addition of low-molecular-weight salts shields the electro-
static repulsions. In its turn, addition of low-molecular-weight salts to AMPS-50 shields the electrostatic at-
traction between the oppositely charges and results in increasing the reduced viscosity. In case of AMPS-25 
and AMPS-75 it is expected the simultaneous realization of both polyelectrolyte and polyampholyte behav-
ior. Screening of similar charged monomers by low-molecular-weight salts tends to shrink the «shell» (poly-
electrolyte part) while surrounding of oppositely charged monomers by low-molecular-weight salts tends to 
swell the «core» (polyampholyte part). Such antagonism between polyelectrolyte and polyampholyte effects 
may cause not dramatically decreasing of the intrinsic viscosity upon increasing of the ionic strength. The 
plateau observed at μ > 0.1 is likely due to opposite actions of polyelectrolyte and polyampholyte effects. 
Analogous behavior was observed for AMPS-MADQUAT copolymers with the excess of AMPS monomers 
at μ = 0.5 — 2.0 [20]. 

Behavior of AMPS-APTAC at the IEP 
In pure water the isoelectric points (IEP) of AMPS-APTAC copolymers corresponding to zero net 

charge (quasi-electroneutral) of macromolecules are around of pH 6.1±0.1 (Fig. 8). At the IEP the average 
hydrodynamic size of quenched polyampholytes is minimal due to strong electrostatic attraction of opposite-
ly charged monomers. Increasing of the average hydrodynamic size of amphoteric macromolecules from 
both sides of the IEP is interpreted in terms of expanding of macromolecular chains due to strong electrostat-
ic repulsion of anionic or cationic groups respectively [16–18]. 
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Figure 8. pH dependent average hydrodynamic size of AMPS-50 (1), AMPS-75 (2) and AMPS-25 (3)  
in aqueous solution 
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In the presence of KCl the position of the IEP shifts to higher values of pH up to 6.5–7.0. It is connect-
ed with specific binding of chloride ions by quaternary ammonium groups that diminishes the amount of 
positive charges (leading to apparent change of copolymer composition) and increases the value of the IEP in 
comparison with the nonsalted solution [21]. 

Different behavior of unbalanced (AMPS-25 and AMPS-75) and balanced (AMPS-50) polyampholytes 
upon increasing of the ionic strength is illustrated in Figure 9. In aqueous solution AMPS-25 and AMPS-75 
have an excess of positive (Z = +50) and negative (Z = –40) charges while AMPS-50 is in electroneutral 
state (Z = 0). 
 

 

Figure 9. Schematic representation of «core-shell» structure and behavior  
of AMPS-25, AMPS-50 and AMPS-75 in aqueous-salt solution 

Increasing of the ionic strength screens the electrostatic repulsion between uniformly charged groups, if 
polyelectrolyte effect dominates and shields the electrostatic attraction between oppositely charged mono-
mers, if polyampholyte effect prevails (Table 4). In former case, the macromolecular chain diminishes, 
whereas in the latter case it expands. 

T a b l e  4  

Intrinsic viscosities of AMPS-APTAC copolymers in dependence of the ionic strength 

Copolymers 
Intrinsic viscosity, dL⋅g-1

Ionic strength, KCl mol⋅L-1 
0 0.05 0.1 0.5 0.75 1.0 

AMPS-25 46.4 - 2.68 - 2.32 1.12 
AMPS-50 - 0.88 1.40 2.15 1.90 1.96 
AMPS-75 53.8 - 2.93 - 2.42 1.47 
 

The viscometric data reveal that in aqueous solutions of KCl the intrinsic viscosities of AMPS-25 and 
AMPS-75 decrease while the intrinsic viscosity of AMPS-50 increases demonstrating antipolyelectrolyte 
behavior. In aqueous solution the conformation of AMPS-25 and AMPS-75 can be considered as «core» and 
«shell» structure where the «core» part exists in polyampholyte regime, the «shell» part represents a poly-
electrolyte regime. Addition of low-molecular-weight salts tends to shrink the «shell» part (polyelectrolyte 
region) and to swell the «core» part (polyampholyte region). Such antagonism between polyelectrolyte 
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(«shell») and polyampholyte («core») effects may cause gradual decreasing of the intrinsic viscosity at rela-
tively high ionic strengths. 

According to Lifshiz et al [22] the globular structure of macromolecules can be considered as dense 
three-dimensional nucleation, consisting of a dense «core» surrounded by loose and open surface or hydro-
philic «edge». In our mind, such globular structure can exist at the IEP of quenched polyampholytes as rep-
resented schematically in Figure 10. Imaginative structure of «core» consists of 1) high dense globule  
(r = ∼5–10 nm), 2) low-dense globule (r = ∼25–50 nm), 3) dense coil (r = ∼100 nm), and 4) low-dense coil 
(r = ∼200–500 nm). Radial distribution of macromolecular chains may have whole-number values  
r1:r2:r3:r4 = a:b:c:d. Formation of spherical globules with an ∼5 nm diameter was directly visualized by Field 
Emission Scanning Electron Microscope (FE-SEM) images for charge-balanced polyampholyte chains made 
of sodium 4-vinylbenzenesulfonate (NaSS) and [3-(methacryloylamino)propyl]trimethylammonium chloride 
(MPTC) denoted as poly(NaSS-co-MPTC) [23] (Fig. 11). 
 

Figure 10. Proposed structure and proposed size  
of quenched polyampholytes in aqueous solution  

at the isoelectric point (IEP) 

Figure 11. Cross-sectional FE-SEM image of 
poly(NaSS-co-MPTC) at 20 ºC [23] 

Thermal properties of solid AMPS-APTAC copolymers 
The results of thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) of 

quenched polyampholytes are shown in Figure 11. An initial decreasing of sample mass at the interval of 
temperature 65–120 ºC is due to loosing of the humidity. Intensive mass loose of samples starts at the inter-
val of temperature 308–332 ºC. It is connected with thermal decomposition of polymers. 
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Figure 11. TG (1–3) and DSC (1a-3a) curves of АМРS-50 (1), АМРS-75 (2), АМРS-25 (3) 
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Conclusions 

Quenched (or high-charge-density) polyampholytes were prepared from anionic AMPS and cationic 
APTAC monomer pairs. Copolymers with large charge asymmetries (AMPS-25 and AMPS-75) exhibited a 
good solubility in water. Equimolar polyampholyte (AMPS-50) was dispersed in water but soluble in aque-
ous solutions of KCl. Polyampholytes with excess of anionic (AMPS-75) or cationic (AMPS-25) charges 
behave as neutral polymers, e.g. at concentration range of 0.05–03 g⋅dL-1 the reduced viscosity linearly di-
minishes upon dilution. The viscometric data reveal that in aqueous solutions of KCl the intrinsic viscosities 
of AMPS-25 and AMPS-75 decrease while the intrinsic viscosity of AMPS-50 increases demonstrating 
antipolyelectrolyte behavior. In aqueous solution the conformation of AMPS-25 and AMPS-75 can be con-
sidered as «core» and «shell» structure where the «core» part exists in polyampholyte regime, the «shell» 
part represents a polyelectrolyte regime. Addition of low-molecular-weight salts tends to shrink the «shell» 
part (polyelectrolyte region) and to swell the «core» part (polyampholyte region). Such antagonism between 
polyelectrolyte («shell») and polyampholyte («core») effects may cause not dramatically decreasing of the 
intrinsic viscosity at relatively high ionic strengths. In aqueous solution the positions of the isoelectric points 
of strongly charged polyampholytes determined by DLS experiments are around of pH 6.3±0.2. In the pres-
ence of KCl the position of the IEP shifts to pH 6.5–7.0 due to specific binding of chloride ions by quater-
nary ammonium groups of APTAC. Imaginative structure of polyampholyte «core» at the IEP consisting of 
high dense globule, low-dense globule, dense coil, and low-dense coil is suggested. Quenched 
polyampholytes exhibit thermostability up to 300 ºC. 
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Г. Төлеутай, А.В. Шахворостов, С.К. Қабдрахманова, С.Е. Құдайбергенов 

Quenched, немесе күшті зарядталған, полиамфолиттердің  
сулы-тұзды ерітіндідегі қасиеті 

Радикалды сополимерлеу əдісі көмегімен оң жəне теріс зарядталған мономерлер натрий 2-акриламид-
2-метил-1-пропансульфон қышқылы (AMPS) жəне (3-акриламидопропил)үшметиламмоний хлориді 
(APTAC) негізінде сызықты полиамфолиттер синтезделіп, олардың сулы-тұзды ерітіндідегі физика-
химиялық қасиеті зерттелді. Тең емес (AMPS-25 жəне AMPS-75) жəне тең (AMPS-50) қатынаста 
алынған quenched полиамфолиттер 1Н ЯМР- жəне ИҚ-спектроскопия, термогравиметриялық талдау, 
дифференциалды-сканирлеуші калориметрия əдістерімен сипатталып, олардың тутқырлықтары 
анықталды. Quenched полиамфолиттер изоэлектрлік нүкте (ИЭН) жағдайында күшті зарядталған 
анионды жəне катионды фрагменттер арасындағы ионаралық байланыс көмегімен тұрақталатындығы 
зерттелді. Сулы ерітіндідегі AMPS-25 жəне AMPS-75 конформациялық жағдайы «ядро» жəне «қабық» 
құрылымынан тұрады. Бұнда «ядро» қабатшасы полиамфолиттік сипатта (ПА аймақ) болса, «қабық» 
қабатшасы полиэлектролиттік эффект (ПЭ аймақ) көрсететіні белгілі болды. Ертіндінің иондық күшін 
арттыру полиэлектролиттің «қабық» қабатшасының қысылуына, ал «ядро» қабатшасының ісінуіне 
əкелетіндігі анықталды. Зарядтары тең емес AMPS-25 жəне AMPS-75-ке қарағанда, зарядтары тең 
қатынастағы полиамфолит AMPS-50-тің ИЭН-дегі гидродинамикалық өлшемі ертіндінің иондық 
күшін арттырғанда өсіп, антиполиэлектролиттік сипатқа ие болады. Сулы ертіндідегі quenched 
полиамфолиттің ИЭН-сі рН=6,1±0,1 тең. KCl қатысында ИЭН quenched полиамфолиттегі төрттік 
аммоний тобының хлорид иондарды байлануы нəтижесінде pH=6,5–7,0 аралығына ығысатындығы 
белгілі болды. 

Кілт сөздер: quenched полиамфолиттер, изоэлектрлік нүкте, гидродинамикалық өлшем, 
полиэлектролитішілік кешен, «ядро-қабық» құрылым, полиамфолиттік жағдай, полиэлектролиттік 
жағдай, иондық күш. 

 
Г. Толеутай, А.В. Шахворостов, С.К. Кабдрахманова, С.Е. Кудайбергенов 

Поведение quenched, или сильно заряженных, полиамфолитов  
в водно-солевых растворах 

Методом свободно-радикальной сополимеризации синтезированы quenched (или сильно заряженные) 
линейные полиамфолиты на основе отрицательно и положительно заряженных мономеров — 
натриевой соли 2-акриламидо-2-метил-1-пропансульфоновой кислота (AMPS) и (3-акриламидо-
пропил)триметиламмоний хлорида (APTAC) и исследованы их физико-химические свойства в водно-
солевых растворах. Ряд несбалансированных (AMPS-25 и AMPS-75) и сбалансированных (AMPS-50) 
quenched полиамфолитов охарактеризованы методами 1H ЯМР- и ИК-спектроскопии, термограви-
метрического анализа и дифференциально-сканирующей калориметрии, а также изучена их вязкость. 
Установлено, что в изоэлектрической точке (ИЭТ) quenched полиамфолиты стабилизируются с помо-
щью внутриионных контактов между сильно заряженными анионными и катионными фрагментами. 
Конформационное состояние AMPS-25 и AMPS-75 в водном растворе представлено как структура 
«ядро» и «оболочка». При этом «ядро» имеет полиамфолитный характер (ПА область), а «оболочка» 
проявляет полиэлектролитный эффект (ПЭ область). Повышение ионной силы раствора приводит к 
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сжатию «оболочки» полиэлектролита и набуханию «ядра» полиамфолита. В отличие от AMPS-25 и 
AMPS-75, гидродинамические размеры сбалансированного полиамфолита AMPS-50 в ИЭТ увеличи-
ваются при повышении ионной силы раствора, демонстрируя антиполиэлектролитный характер. Ус-
тановлено, что в водном растворе ИЭТ quenched полиамфолитов имеют рН=6,1±0,1. В присутствии 
KCl положение ИЭТ смещается до pH=6,5–7,0 из-за специфического связывания хлорид-ионов чет-
вертичными аммониевыми группами quenched полиамфолитов. 

Ключевые слова: quenched полиамфолиты, изоэлектрическая точка, гидродинамический размер, внут-
риполиэлектролитные комплексы, структура «ядро-оболочка», полиамфолитный режим, полиэлек-
тролитный режим, ионная сила. 
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Voltammetric determination of carbaryl in some cereals  
on an impregnated graphite electrode modified with carbon ink 

Nowadays, pesticides are an integral part of our lives. These compounds are contained in food, water, soil. 
Consequently people consume them constantly in significant amounts. Therefore, the control of pesticides 
content in various objects is the most important problem for human health maintaining. In the present work, 
the electrochemical oxidation of carbaryl on an impregnated graphite electrode modified with carbon ink was 
studied for the first time. The optimal conditions of carbaryl extraction from some grain crops were selected, 
followed by its determination on an impregnated graphite electrode modified with carbon ink by linear sweep 
anodic voltammetry. A number of cereals, such as wheat, oats and corn, were selected as the objects of study. 
The determination of carbaryl in the objects was carried out after chromatographic separation by TLC. It is 
revealed that carbon ink increases the electroactive surface of the impregnated graphite electrode. As a result, 
the sensitivity of carbaryl determination increases. Therefore, the accuracy of carbaryl trace amounts deter-
mination increases. The range of linear dependence of dI/dE on the concentration of carbaryl was from  
0·10–8 M to 1.6·10–8 M, the detection limit was 1.2·10–9 M. 

Keywords: carbaryl, linear sweep anodic voltammetry, impregnated graphite electrode, carbon ink, food, pes-
ticides, thin-layer chromatography, crops. 

 

Introduction 

Today, the problem of pesticide residues determination in food, drinking water and soil is relevant to 
safety and well being of society. Even a small amount of pesticides in food, water and soil can cause signifi-
cant harm to human health. Therefore, the monitoring of these residues is one of the most important steps to 
minimize the potential risks to the health of not only humans, but also animals [1]. In order to avoid hazards 
to human and animal health caused by pesticide residues, governments of various countries regulate the max-
imum level of pesticide residues in fruits and vegetables, in drinking water, and in the soil, seeking to limit 
their effects on the population [2]. 

Carbamates are a group of pesticides, the derivates of carbamic acid. All pesticides of this group are 
known as active insectoacaricides, fungicides, and herbicides [3]. The mechanism of carbamates toxic effect 
on the living organism has been poorly studied. However, it is known that the effect of carbamates on the 
body disrupts redox processes; there are signs of hypoxia and damage to the central nervous system. In per-
sons working with carbamates, there are lesions of the upper respiratory tract. In contact with the skin there 
is a pronounced irritant effect. In case of acute intoxication, hemolytic anemia may develop. There is a 
strong irritant effect of carbamic acid derivatives on mucous membranes [3]. 

The maximum level of pesticide residues values of carbamates in food products, as established by regu-
latory authorities, range from 0.01 to 10 mg/kg in relation to acceptable daily intake. In addition, for drinking 
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water and soil, values were given as indicative limits from 10 µg/l to 90 µg/l [1]. According to the literature, 
mainly carbamates, namely carbaryl, are determined using chromatographic methods of investigation, such 
as gas and liquid chromatography, thin layer chromatography [4]. Along with the above methods for the de-
termination of carbamates, inverse voltammetry is also used [5–8]. The advantages of this method are high 
sensitivity, a wide range of defined elements, and simplicity of measurement techniques, reliability, and low 
costs [9]. 

In this work, the electrochemical properties of a carbaryl model compound from the class of carbamates 
were studied by linear sweep anodic voltammetry on an impregnated graphite electrode modified with car-
bon ink. The working conditions for the determination of carbaryl in working solutions were the following: 
the background electrolyte was an alcohol solution of sodium perchlorate, the working electrode was an im-
pregnated graphite electrode, the auxiliary and reference electrode were platinum and silver chloride elec-
trodes. It has been established that the application of carbon ink as an electrode modifier improves the sensi-
tivity of its determination, which is especially important when determining the trace amounts of carbaryl in 
cereals. The dependence of dI/dE on the carbaryl concentration was linear from 0·10–8 to 1.6·10–8 M, the de-
tection limit was 1.2·10–9 M. The approbation of the method for carbaryl determination in corn, oats, and 
wheat was carried out. 

Experimental 

Carbaryl is an organic compound, a carbamate, the α-naphthyl ester of N-methylcarbamic acid, the 
highly effective insecticide (Fig. 1). It is a solid crystalline substance with a white or slightly yellowish tinge; 
it has no odor, is poorly soluble in water, and well in organic solvents. Carbaryl is approved to be used in 
Russia. 
 

 

Figure 1. The structural formula of carbaryl 

The following reagents were used to study the electrochemical properties of carbaryl, namely sulfuric 
acid H2SO4 (Reahim, Russia), purified ethyl alcohol 96 % C2H5OH (Labtech, Russia), potassium chloride 
KCl (Uralkali, Russia), sodium perchlorate NaClO4 (Merk, Germany), carbaryl C12H11NO2 (Sigma-Aldrich, 
USA), microcrystalline graphite (<20μm, Sigma-Aldrich, USA), polystyrene (Sigma-Aldrich, USA), 1,2-
dichloroethane C2H4Cl2 (Sigma-Aldrich, USA). 

All necessary experiments were carried out on a TA — Lab voltammetric station (manufactured by 
Tomanalit Research and Production Enterprise, Tomsk). 

The currents recorded on the anodic voltammogram in the form of a wave were transformed in the 
mode of the first derivative dI/dE – E, where the analytical signals were observed in the form of peaks. 

A sodium perchlorate alcohol solution of 0.1 M was used as the background electrolyte. An impregnat-
ed graphite electrode was used as a working electrode, which was obtained by vacuum impregnation of 
blanks from spectral coal with epoxy resins (Mikroprimesi LLC, Tomsk), the auxiliary and reference elec-
trode were silver and silver chloride electrodes, respectively. Working solutions of carbaryl were prepared by 
dissolving a certain sample of state standard sample in ethanol. 

Modifying carbon ink was a mixture of 0.09 g of microcrystalline graphite and 0.01 g of polystyrene 
dissolved in 0.5 cm3 of 1,2-dichloroethane. To create a homogeneous suspension, the mixture was vigorously 
stirred for 3 minutes using an ElmySkyline shaker. 1 μl of the resulting suspension was placed on the surface 
of the working electrode and dried in air for 2–3 minutes. 

The electrochemical properties of carbaryl on an unmodified and modified carbon ink impregnated 
graphite electrode were carried out in the potential range from –2.5 to +2.5 V under scan rate ν = 70 mV/s. 
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Figure 3. Cyclic voltammograms 1·10–4 M Fe(CN)6
3-/Fe(CN)6

4- on unmodified graphite (2)  
and graphite electrode modified with carbon ink in graphite electrode (3)  

at pH=6.86, ν = 70mV/s (1) is the background curve 

The Randles-Shevchik equation (1) was used to calculate the electroactive surface area: 
 Ip = 2.69×105Z3/2АD1/2CV1/2,  (1) 
where Ip is peak current, A; Z is the number of electrons (n = 1); A is the area of the electroactive surface, 
cm2; D is diffusion coefficient (7.60·10–6 cm2/s), [10]; С is concentration of Fe(CN)6

3-/Fe(CN)6
4- in solution 

(1·10–4 М); V is the sweep speed, mV/s. 
The calculated electroactive surface area of the unmodified graphite electrode was 0.013 cm2, while, af-

ter modification, it became 10 times large as 0.103 cm2. Thus, the efficiency of using carbon ink as a modifi-
er of an impregnated graphite electrode for the voltammetric determination of carbaryl is shown. All further 
determinations of carbaryl, both in model solutions and in grain crops, were carried out on an impregnated 
graphite electrode modified with carbon ink. 

As a method for isolating carbaryl from the analyzed mixture of components obtained from grain crops, 
the method of thin layer chromatography was used (the technique is presented in the «experimental part» 
section). The verification of proposed determination method for carbaryl in model solutions was carried out 
using the «introduced-found» method. The results are presented in Table 1. 

T a b l e  1  

Check the correctness of the definition of carbaryl using the «entered-found» method 

No. Is entered, 10–8М Found, 10–8 М ∆, % 
1 0.4 0.33 ±4.5 
2 0.8 0.79 ±4.3 
3 1.2 1.12 ±4.0 

 
Thus, in the indicated range of carbaryl concentrations, the standard deviation of the found results from 

the accepted reference values does not exceed 4.5 %. 
In the work, the carbaryl was determined by voltammetry on a carbon ink impregnated graphite elec-

trode modified in carbon in corn, oats, and wheat. Sample preparation and chromatographic isolation of 
carbaryl from grain crops was performed according to the method presented in the section «experimental 
part». Quantitative determination of carbaryl in the resulting washes was carried out under the following 
conditions: the anodic region of the signal at a potential of –0.8V, ν=70 mV/s, the background electrolyte 
was an alcohol solution of sodium perchlorate 0.1 M. The concentration of carbaryl was calculated by the 
method of calibration curve. The results of the voltammetric determination of carbaryl are presented in  
Table 2. These results are calculated using the equations presented in Figure 2b. 
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T a b l e  2  

The results of the determination of carbaryl in food (n = 3) 

Object of study Found, М ∆, % 
Corn 0.84·10–8 ±0.13 
Oats 0.36·10–8 ±0.054 

Wheat – – 
 

Thus, the selected voltammetric conditions for the determination of carbaryl in model solutions allow 
the determination of its trace amounts in corn and oats. Carbaryl was not detected in wheat. 

Conclusions 

In this work, the electrochemical properties of a carbaryl model compound from the class of carbamates 
were studied by anodic voltammetry on an impregnated graphite electrode modified with carbon ink. The 
working conditions for the determination of carbaryl in working solutions were selected, namely the back-
ground electrolyte is an alcohol solution of sodium perchlorate, the working electrode is an impregnated 
graphite electrode, the auxiliary and reference electrode is platinum and silver chloride electrodes. It is re-
vealed that when using carbon ink as an electrode modifier, it increases the sensitivity of its determination, 
which is especially important when determining the trace amounts of carbaryl in grain crops. The range of line-
ar dependence of dI/dE on the concentration of carbaryl was from 0·10–8 to 1.6·10–8 M, the detection limit was 
1.2·10–9 M. The approbation of the carbaryl determination method in corn, oats and wheat was carried out. 
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А.С. Гашевская, А.О. Гусар, Е.В. Дорожко, К.В. Дёрина, С.О. Кенжетаева 

Кейбір дəнді дақылдарда ерітінді сіңірілген, көміртектік сиялармен 
модификацияланған, графит электродында карбарилді  

вольтамперометриялық анықтау 

Пестицидтер бұл күнде біздің өміріміздің ажырамайтын бөлігі болды. Олар күнде біздің ағзамызға 
тағамдармен, сумен, топырақпен түседі. Сондықтан əртүрлі нысандарда пестицидтердің құрамын 
бақылау адам өмірі үшін ең маңызды мəселе болды. Мақалада алғаш рет карбарилдің ерітінді 
сіңірілген, көміртек сияларымен модификацияланған, графит электродында электрохимиялық 
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тотығуы зерттелген. Карбарилдің кейбір дəнді дақылдардан бөліп алудың оңтайлы жағдайлары 
табылды, соңынан көміртек сияларымен модификацияланған, ерітінді сіңірілген графит электродында 
анодтық вольтамперометрия əдісімен анықталды. Зерттеу нысандары болып бидай, сұлы, жүгері 
сияқты дəнді дақылдар таңдалған. Таңдалған нысандарда карбарилдің анықталуы ЖҚХ əдісімен 
хроматографиялық бөлуден кейін жүргізілді. Электродтық модификатор ретінде көміртек сияларын 
қолданғанда ерітінді сіңірілген графит электродының электробелсенді беттерінің аумағы артататыны 
анықталды. Сол мезгілде карбарилді анықтау сезімталдығы да жоғарлайтыны анықталды, əсіресе бұл 
карбарилдің дəнді дақылдардағы іздік мөлшерлерін анықтау барысында маңызды. Карбарил 
концентрациясынан сызықтық тəуелділік диапазоны dI/dE — 0·10–8 М-ден 1,6·10–8 М дейін, ал табу 
шекарасы 1,2·10–9 М құрады. 

Kілт сөздер: карбарил, анодтық вольтамперометрия, ерітінді сіңірілген электрод, көміртектік сиялар, 
тағамдар, пестицидтер, жұқақабатты хроматография, дəнді дақылдар. 
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Вольтамперометрическое определение карбарила  
в некоторых зерновых культурах на импрегнированном  

графитовом электроде, модифицированном углеродными чернилами 

Пестициды на сегодняшний день являются неотъемлемой частью нашей жизни. Каждый день они по-
падают в наш организм с продуктами питания, водой, почвой. Поэтому контроль содержания пес-
тицидов в различных объектах является наиболее важной проблемой для жизни человека. В настоя-
щей работе впервые изучено электрохимическое окисление карбарила на импрегнированном графито-
вом электроде, модифицированном углеродными чернилами. Подобраны оптимальные условия выде-
ления карбарила из некоторых зерновых культур, с последующим его определением на импрегниро-
ванном графитовом электроде, модифицированном углеродными чернилами, методом анодной вольт-
амперометрии. Объектами исследования были выбраны зерновые культуры, такие как пшеница, овес 
и кукуруза. Определение карбарила в выбранных объектах исследования проводилось после хромато-
графического разделения методом ТСХ. Выявлено, что при использовании углеродных чернил в каче-
стве электродного модификатора происходит увеличение площади электроактивной поверхности им-
прегнированного графитового электрода. При этом увеличивается чувствительность определения кар-
барила, что особенно важно при определении следовых количеств карбарила в зерновых культурах. 
Диапазон линейной зависимости dI/dE от концентрации карбарила составил от 0·10–8 М до 1,6·10–8 М, 
предел обнаружения — 1,2·10–9 М. 

Ключевые слова: карбарил, анодная вольтамперометрия, импрегнированный электрод, углеродные 
чернила, продукты питания, пестициды, тонкослойная хроматография, зерновые культуры. 
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Boiling temperature and the enthalpy of water vaporization  
exposed to high frequency electromagnetic field 

The article is dedicated to the study of the influence of a high-frequency electromagnetic field on the boiling 
temperature and the enthalpy of water vaporization. It has been established that as a result of exposure to de-
ionized water of the electromagnetic field of ultrahigh frequencies, its boiling point and evaporation enthalpy 
increase. It has been shown that the effectiveness of electromagnetic exposure depends on the frequency of 
the field and the exposure time. The maximum increase in the enthalpy of evaporation is observed as a result 
of exposure to a field with a frequency of 60, 130 and 170 MHz and is 5–10 %. The observed phenomena can 
be caused by a change in the structural organization of water as a result of electromagnetic interference, effect 
has a cumulative nature — the value of ΔHev increases with an increase in the exposure time to 2 hours; the 
effect of «saturation» is established — an increase in the exposure time over 2 hours does not lead to a further 
increase in enthalpy. The effect of the electromagnetic field is selective — the properties of water are sensi-
tive to the action of a field of strictly defined frequencies. 

Keywords: water, electromagnetic field, frequency, irradiation time, boiling point, evaporation enthalpy. 

 

Introduction 

Interest in the study of water and its unique properties has not waned for many decades [1–3]. Numer-
ous studies are focused on changing the properties of water and aqueous solutions under the influence of 
magnetic and electromagnetic fields [4]. Experimental material accumulates, numerous theories are created 
to explain the changes in the properties of water and aqueous solutions under the influence of field effects, 
but there is currently no generally accepted theory about the nature of changes occurring in water as a result 
of external influences. Numerous experiments on the effects of the electromagnetic field (EMF) of ultrahigh 
frequencies (30–300 MHz) indicate the sensitivity of the properties of the aquatic environment to this type of 
exposure [5–8]. Based on the experimental data, it can be assumed that under the influence of the field, the 
cohesive interaction within the aqueous phase is enhanced, which is manifested in an increase in its surface 
tension, weakening of the hydration characteristics [6], etc. The enhancement of the intermolecular interac-
tion in the aquatic environment can be fixed by measuring the properties that depend on it. Accurate infor-
mation on cohesion can be obtained from thermodynamic characteristics related to the energy of vaporiza-
tion. In the process of evaporation of a substance, a complete rupture of intermolecular bonds occurs; there-
fore, the work of cohesion is determined by the enthalpy of vaporization (evaporation). The determination of 
the enthalpy of evaporation of water and its changes as a result of exposure to an electromagnetic field with a 
variable frequency was the purpose of this study. 

Method 

Deionized water purified with the deionizer of water WD-301, with an initial specific electric conduc-
tivity of 1.4–1.8·10–4 S/m was used in this study. 

The source of the electromagnetic field was a high-frequency generator G4–119A, which output power 
was 1 W and its frequency range was 30–200 MHz. The voltage at the high-frequency electrodes was  
20–22 V. The cell consisted of a 50 ml teflon beaker, in the center of which an internal high-frequency elec-
trode was located. The high-frequency electrode was a brass rod isolated with teflon. The outer high-
frequency electrode was an aluminum cup, closely fitting to the teflon surface. The electrodes through the 
bottom of the cup were connected to the generator by means of an high-frequency cable. The field frequency 
was varied in 10 MHz steps. The time of exposure of the field to water ranged from 1 to 3 hours. It was 
found that the maximum effect was achieved within 2 hours, but the main changes were observed at an expo-
sure time of 1 hour. In the future, precisely this time was chosen for the experiment. 

The determination of Tboil and the enthalpies of evaporation were carried out using a standard setup [9]. 
In a round bottom flask, equipped with a reflux condenser and a thermometer (division price 0.1 ºC), 50 ml 
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of a predetermined frequency of irradiated field or unirradiated water was poured. In the flask, a vacuum was 
created using a vacuum pump (minimum pressure 0.1 atm), which was monitored with a pressure gauge 
(graduation value 0.05 atm). The water was kept at a minimum pressure for 1 hour to remove dissolved gas-
es. Then water was heated to boiling at a given vacuum and the temperature was fixed. The pressure was 
gradually increased up to atmospheric, determining the boiling point at each pressure value with a step of 
0.10 atm. Experimental data on the batch of water at different pressures were compared with the table values 
[10]. A satisfactory agreement of the results was obtained (the discrepancies did not exceed ± 0.2 ºC). The 
enthalpy of vaporization ΔHev was determined from the slope of the line in the coordinates lnP – 1000/Т ac-
cording to the linear form of the Clausius-Clapeyron equation: lnP = const – 1000ΔHev /RT. 

Results and Discussion 

Studies have shown that as a result of exposure to electromagnetic fields at certain frequencies (60, 130 
and 170 MHz), an increase in the boiling point of water is observed. The use of other EMF frequencies either 
did not change the batch of water, or the changes were expressed slightly. Figure 1 shows the dependences of 
Tboil on the pressure P for non-irradiated and irradiated EMF frequencies of 170 and 80 MHz of water. In the 
first case (Fig. 1a), in the region of low values of atmospheric pressure, the batch of irradiated water exceeds 
a similar value for unirradiated water at P < 0.60–0.75 atm. A similar pattern is observed for frequencies 60 
and 130 MHz. Figure 1b shows that the effect of an EMF of 80 MHz slightly changes the boiling point of 
water only at P <0.35 atm. 

 
 a) f = 170 MHz b) f = 80 MHz  

Figure 1. Dependence of the boiling point of water exposed to an electromagnetic field of a given frequency f,  
from atmospheric pressure (T = 23 ºС; texp= 1 hour) 

Table 1 shows the Tboil values of unirradiated and irradiated EMF of various frequencies of water at 
P = 0.20 atm (average values from 5 parallel experiments). 

T a b l e  1  

The boiling point Tboil of water at P = 0.20 atm, depending on the frequency  
of the electromagnetic field (exposure time 1 hour) 

Frequency f, MHz Tboil, ºС ∆Т, ºС Frequency f, MHz Tboil, ºС ∆Т, ºС 
0 59.8±0.2 – 120 61.0±0.4 1.2 

30 59.8±0.2 – 130 61.6±0.3 1.8 
40 60.2±0.3 0.4 140 59.6±0.2 0.2 
50 59.6±0.3 0.2 150 60.2±0.3 0.4 
60 61.0±0.4 1.2 160 59.8±0.1 – 
70 59.8±0.1 – 170 61.7±0.3 1.9 
80 60.1±0.2 0.3 180 59.4±0.2 0.4 
90 59.7±0.1 0.1 190 59.6±0.3 0.2 

100 59.9±0.3 0.1 200 59.6±0.2 0.2 
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From the experimental dependence of Tboil – P (in the range of 0.10–0.70 atm, where the differences in 
boiling points are quite well expressed), the enthalpies of evaporation of water exposed to EMF of different 
frequencies were calculated using the Clapeyron-Clausius equation. The correlation coefficient of the linear 
approximation of the experimental data was 0.997–0.999. Table 2 shows the values of ΔHev at those EMF 
frequencies at which its significant change is observed — by 5–10 %. The impact of the field of other fre-
quencies in the studied range did not lead to a noticeable change in ΔH. 

T a b l e  2  

The enthalpy of evaporation of water exposed to an electromagnetic field (exposure time 1 hour) 

Frequency f, MHz ∆Hev, kJ/mol ∆, % 
0 45.3±0.5 – 
30 47.6±0.6 5.1 
60 48.2±0.9 6.4 

130 49.9±0.9 10 
170 48.1±0.8 6.5 

 
The determination of the enthalpy of evaporation was carried out immediately after the electromagnetic 

treatment of water, then after 1, 2 and 7 days. The results are presented in Table 3 for 2 frequencies of EMF 
(60 MHz and 170 MHz). It can be stated that with time there is a tendency to a slight increase in ∆Hev. The 
effect of relaxation is absent, i.e. the original properties of water during the week are not restored. 

T a b l e  3  

The enthalpy of evaporation of water depending on the time elapsed after exposure to an electromagnetic field 

Time after exposure  
to electromagnetic field, day 

∆Hev, kJ / mol (f = 60 MHz) ∆Hev, kJ / mol (f = 170 MHz) 

0 48.2±0.9 48.1±0.8 
1 48.3±0.8 48.3±0.9 
2 49.0±0.8 47.8±0.9 
7 48.7±0.7 49.0±0.6 

 

Conclusions 

Thus, as in all previous studies [5–8], it was shown that the effect of EMF is selective — the properties 
of water are sensitive to the action of a field of strictly defined frequencies. It was also established that the 
EM effect has a cumulative nature — the value of ΔHev increases with an increase in the exposure time to 
2 hours; the effect of «saturation» is established — an increase in the exposure time over 2 hours does not 
lead to a further increase in enthalpy. The enhancement of the cohesive interaction in the aqueous phase as a 
result of exposure to EMF can be due to several reasons: hardening of the hydrogen bonds between water 
molecules, an increase in the proportion of water bound into clusters, or an enhancement of the van der 
Waals interaction. The question remains controversial, since the enthalpies of evaporation characterize the 
intensity of intermolecular interaction, but do not reveal its nature. Nevertheless, the obtained data are con-
sistent with the results of [6] on the increase as a result of the electromagnetic effect of the surface tension of 
water by 5–10 %, which is also determined by the intensity of the intermolecular interaction. 
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Жоғары жиіліктегі электрмагнитті өріс əрекетіне ұшыраған  
судың қайнау температурасы жəне булану энтальпиясы 

Мақала судың қайнау температурасы мен булану энтальпиясына жоғары жиіліктегі электрмагнитті 
өрістің əсерін зерттеуге арналған. Деиондалған суға өте жоғары жиіліктегі электрмагнитті өріс əрекет 
еткенде оның қайнау температурасы мен булану энтальпиясы артатыны анықталған. Электрмагнитті 
əрекеттің тиімділігі өріс жиілігіне жəне экспозиция уақытына тəуелді болатыны көрсетілген. Булану 
энтальпиясының максималды жоғарылау жиілігі 60, 130 жəне 170 МГц өрістің əрекетінен байқалады 
жəне 5–10 % құрайды. Байқалған құбылыстар электрмагнитті əрекет нəтижесінде судың құрылымдық 
ұйымдасу өзгеруімен түсіндірілуі мүмкін жəне электрмагнитті əрекет жинақталатын сипатқа ие 
екені — булану энтальпиясы мөлшері сəулелендіру уақыты 2 сағатқа дейін артқанда жоғарылай-
тыны — анықталған; «қануғы» эффектісі — экспозиция уақыты 2 сағаттан артық болғанда энтальпия 
əрі қарай өспейтіні анықталған. Электрмагнитті өрістің əрекеті таңдаулы сипатқа ие болатыны 
көрсетілген — судың қасиеттері қатаң белгілі жиіліктегі өрістің əрекетіне сезімтал болады. 

Кілт сөздер: су, электрмагнитті өріс, жиілік, сəулелендіру уақыты, қайнау температурасы, булану 
энтальпиясы. 

 
В.Ю. Чиркова, Е.А. Шарлаева, И.Е. Стась 

Температура кипения и энтальпия испарения воды,  
подвергшейся воздействию высокочастотного электромагнитного поля 

Статья посвящена изучению влияния высокочастотного электромагнитного поля на температуру ки-
пения и энтальпию испарения воды. Установлено, что в результате воздействия на деионизованную 
воду электромагнитного поля ультравысоких частот происходит повышение температуры ее кипения 
и энтальпии испарения. Показано, что эффективность электромагнитного воздействия зависит от час-
тоты поля и времени экспозиции. Максимальное увеличение энтальпии испарения наблюдается в ре-
зультате воздействия поля частотой 60, 130 и 170 МГц и составляет 5–10 %. Наблюдаемые явления 
могут быть обусловлены изменением структурной организации воды в результате электромагнитного 
воздействия. Также установлено, что электромагнитное воздействие имеет накопительный характер — 
величина энтальпии испарения возрастает при увеличении времени облучения до 2 часов; установлен 
эффект «насыщения» — увеличение времени экспозиции свыше 2-х часов не приводит к дальнейшему 
росту энтальпии. Показано, что воздействие электромагнитного поля носит избирательный харак-
тер — свойства воды чувствительны к действию поля строго определенных частот. 

Ключевые слова: вода, электромагнитное поле, частота, время облучения, температура кипения, эн-
тальпия испарения. 
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Determination of quinine in drugs and beverages by fluorimetric method 

A highly sensitive and simple fluorimetric method for the determination of quinine in pharmaceuticals and 
non-alcoholic beverages is proposed. The optimal conditions for quinine fluorimetric determination in drugs 
and beverages were found: solvent — 0.01 M sulfuric acid, excitation wavelength 353 nm, luminescence 
wavelength 452 nm, strobe parameters — signal delay 0.85 µs, signal duration 21.25 µs. To increase the sen-
sitivity of the developed method, quinine luminescence was studied in sulfuric acid of various concentra-
tions — from 0.005 to 1.000 M, and the quantum yield of quinine luminescence was calculated in all studied 
concentrations of sulfuric acid. It has been established that the highest luminescence intensity, the highest 
quinine quantum yield and the smallest background signal of the solvent was observed in 0.01 M H2SO4. The 
calibration curve exhibited the linear range from 0.10 to 1.00 mg/l. The limit of detection (LOD) was found to 
be 0.0029 mg/l for quinine in 0.01 M H2SO4. The suggested approach was successfully applied to determine 
the amount of quinine in tablets «Analgin-quinine» and in the non-alcoholic beverage «Schweppes Bitter 
Lemon». The proposed method can be used to control the quality of pharmaceuticals and food products. 

Keywords: quinine, pharmaceuticals, beverages, fluorimetry, quantum yield, strobe parameters. 

 

Introduction 

Quinine is the alkaloid derived from Cinchona bark. Since 1633, quinine has been used as an antimalar-
ial drug [1]. It also has antipyretic and analgesic properties [2]. In addition, due to the bitter taste, quinine is 
actively used in tonic water with the taste of «bitter lemon» or «bitter lime» [3]. In medicine, quinine is used 
to increase labor activity [4], but overdosing can lead to abortion [2]. Recent studies in rats have shown that 
quinine completely blocks ovulation and causes oxidative stress in the ovary of rats [5]. Quinine overdose is 
dangerous to human health and might be fatal. Therefore, the use of quinine as a food additive is limited up 
to 83–85 mg/l [6]. 

Different chromatographic techniques are applied for quinine determination in pharmaceuticals [7–9]. 
Despite the high prevalence of chromatography, these methods are expensive and toxic solvents are con-
tained in mobile phases in most cases. Electrochemical [10–11], spectrophotometric [12] and fluorimetric 
[13] methods of analysis are used for quinine determination in beverages. Electrochemical and spectropho-
tometric methods have lower cost instrumentation, but suffer from less sensitivity. Fluorimetric methods 
have the highest sensitivity, and often are used as detectors in chromatography for the quinine determination 
in beverages [14–15]. 

It is known that quinine has the highest luminescence intensity in sulfuric acid solution. But different 
concentrations of sulfuric acid are used by researches. Thus, the authors [13] used 0.05 M sulfuric acid to 
determine quinine in tonic water. In work [12] 0.0005 M H2SO4 is used for quinine determination in bever-
ages by capillary electrophoresis. For the determination of quinine in soft drinks by sequential injection 
analysis (SIA) 0.1 M H2SO4 was used [16]. Unfortunately, the authors of these works do not justify the 
choice of a particular acid concentration. 

Qualitative and quantitative determination of quinine in drugs and beverages is a pressing issue in 
pharmaceutical and food industries, thus the development of highly sensitive methods for quality control is 
encouraged. The aim of the work is to develop a highly sensitive fluorimetric method for the determination 
of quinine in drugs and beverages. 

Experimental 

Reagents. The working solutions of quinine were prepared using the standard quinine substance (95 %; 
manufactured by Vekton, St. Petersburg, Russia). Quinine working solutions were prepared in 0.01 M 
H2SO4. 

The following research objects were selected: 1. Tablets «Analgin-quinine», manufacturer Sopharma 
(Bulgaria). Ingredients: active ingredients — metamizole sodium 200 mg and quinine hydrochloride 50 mg; 
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excipients — microcrystalline cellulose, sodium carboxymelitic starch, Coplidon-25, talc and magnesium 
stearate. 2. Non-alcoholic beverage «Schwepps Bitter Lemon». Ingredients: water, sugar, citric acid, natural 
flavors, stabilizers, antioxidant ascorbic acid, quinine, carotene dye. 

Equipment. All measurements were performed on a Fluorat-02-Panorama spectrofluorimeter fluid ana-
lyzer (manufactured by Lumex-Marketing LLC, St. Petersburg, Russia). Spectrophotometric measurements 
were carried out using Agilent Technology Cary 60 UV-Vis spectrophotometer. 

Results and Discussion 

As previously noted quinine has good luminescence in sulfuric acid solution [16]. Therefore a synchro-
nous scan of a standard quinine solution (C = 10 mg/l) in sulfuric acid was performed at various 
monochromator displacements, to reveal the optimal excitation wavelength at which the maximum quinine 
luminescence occurs (Fig. 1). 
 

 

Figure 1. Synchronous scan mode of quinine standard solution (C = 10 mg/l)  
in sulfuric acid at different shifts of the monochromator 

From the synchronous scanning mode an excitation wavelength of 353 nm was established and the 
maximum quinine luminescence in sulfuric acid at 452 nm was observed (Fig. 2). 
 

 

Figure 2. Excitation spectrum and luminescence spectrum of quinine in sulfuric acid 

To increase the accuracy and sensitivity of the developed method different concentrations of sulfuric 
acid were studied, as well as the background and quinine intensity signals and the quantum yield in the stud-
ied acid solutions. The results are presented in Table 1. 

It is known that quantum yield is one of the most important characteristics of a substance [17]. The qui-
nine quantum yield in sulfuric acid solutions of different concentrations was calculated by the standard 
method. As a standard we have chosen a solution of fluorescein in 0.1 M NaOH with well-known quantum 
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yield 0.64 and the luminescence emission of fluorescein at a wavelength of 520 nm. For calculations accura-
cy the concentrations of the standard (fluorescein) and the test substance (quinine) were selected so that their 
optical density was lower than 0.1. The areas under the emission spectrum of both the investigated and 
standard substances (Si), the optical densities of these substances at the excitation wavelength (Di) and the 
refractive indices of solvents (ni) were measured under the same conditions. The calculation of the quantum 
yield was carried out according to the formula 
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where Stest is the area under the emission spectrum of the investigated substance; Sst is area under the emis-
sion spectrum of the standard substance; ntest is refractive index of the investigated solvent H2SO4; nst is re-
fractive index of the standard solvent NaOH; Dtest is optical density of the investigated substance quinine at 
the excitation wavelength; Dst is optical density of the standard substance fluorescein at the excitation wave-
length; φtest is quantum yield of investigated substance quinine; φtest is quantum yield of standard substance 
fluorescein. 

According to the literature, the quinine quantum yield in 0.1 M H2SO4 is 0.58 [18]. 

T a b l e  1  

Investigation of the luminescent properties of quinine in solutions of sulfuric acid of various concentrations 

Investigated parameter 
Concentration of sulfuric acid, M 

0.005 0.01 0.05 0.1 0.5 1.0
Background signal intensity 
(sulfuric acid), rel. units 

0.00199 0.00025 0.00327 0.00357 0.00542 0.01626 

Quinine signal intensity 
(C = 100 mg/l) in sulfuric acid, rel. units 

16.724 18.928 19.043 19.186 19.438 19.267 

Quinine quantum yield, rel. units 0.555 0.609 0.420 0.590 0.608 0.610 
 

As can be seen from the table the highest quantum yield of quinine is observed in 0.01 M and 0.1 M 
sulfuric acid solutions. With increase sulfuric acid concentration acid, the intensity of the quinine lumines-
cence signal also increases, but rather slightly. Therefore 0.01 M sulfuric acid was chosen for quinine quanti-
tative determination in the studied pharmaceuticals and food products. Furthermore the lowest background 
signal intensity was observed at a given acid concentration, which will further increase the detection limit. 

For sensitivity enhancement of quinine determination, the strobe parameters were selected — delay 
time (signal intensity versus time) and signal duration (recording time at one wavelength) (Fig. 3). 
 

 
A — signal delay; B — signal duration 

Figure 3. Dependence of quinine luminescence intensity on strobe parameters 

When studying the dependence of the luminescence intensity on the signal delay in the range from 0.05 
to 8.00 μs, the optimum value of the signal delay for quinine was set to 0.85 μs. From the signal duration 
range from 1.00 to 25.00 μs the duration is set to 21.25 μs. The highest quinine luminescence intensity was 
observed under selected strobe parameters. 
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Depending on the nature of the excited electronic state the luminescence is divided into two types –
fluorescence and phosphorescence. In practice, the processes of fluorescence and phosphorescence differ in 
temporal characteristics. Instantaneous attenuation of the emission after excitation cessation from 10–7 to  
10–10 s is typical for fluorescence, the continuation of a certain glow time after excitation cessation from 10–6 
to 10–1 s — for phosphorescence. To establish the type of quinine luminescence process the dependence of 
the luminescence signal intensity on the signal time was plotted (Fig. 4). 
 

 

Figure 4. The decay kinetics curve for quinine in 0.01 M H2SO4 

Using the quinine attenuation curve obtained, the average luminescence lifetime was calculated through 
the area under the attenuation curve (a definite integral from 0 to 8 μs for the function): 

8
6 5 4 3 2

0

( 0.0001  0.0051  0.0742  0.5032  1.5474  1.3684  1.6855 .)х х х х х х dx+−− + + +−  

For quinine the lifetime was 1.505·10–5 s. From the calculations it can be concluded that phosphores-
cence is characteristic for quinine in 0.01 M H2SO4. 

Thus, the following working conditions were selected: solvent — 0.01 M H2SO4, excitation wavelength 
353 nm, luminescence wavelength 452 nm, signal delay 0.85 μs, signal duration 21.25 μs. Under optimized 
conditions a linear calibration curve of the luminescence intensity on quinine concentration was plotted in 
the range of 0.10–1.00 mg/l (Fig. 5A). 

Spectrophotometry was used as a comparison method. Quinine was determined by its own absorption. 
The dependence of the optical density from the quinine concentration in 0.1 M sulfuric acid at an absorption 
wavelength 347 nm showed linear response in concentration range of 1.00 to 10 mg/l (Fig. 5B). 
 

 

Figure 5. Calibration curves of the intensity of the luminescence (A) and absorption (B)  
on the concentration of quinine in 0.01 M sulfuric acid 

Sample preparation of the objects was as follows. The tablet was previously dissolved in 20 ml of 0.01 
M sulfuric acid. The resulting solution was diluted 10 000 times. The intensity of the diluted solution was 
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measured and quinine concentration was recalculated into 20 ml of the initial solution. The original sample 
of the beverage was degassed and diluted 10 times with distilled water. The results of quantitative determina-
tion of quinine by two methods are presented in Table 2. 

T a b l e  2  

The results of the determination of quinine in tablets and soft drinks by fluorimetric  
and spectrophotometric methods, n = 3, p = 0.95, ttable = 2.78 

Sample 
Fluorimetric method, 

mg/l 
Sr 

Spectrophotometric method, 
mg/l 

Sr texp 

Tablet «analgin-quinine» 51.41±0.43 0.003 52.33±2.74 0.021 0.074 
Beverage «Schweppes 
Bitter Lemon» 

53.74±1.86 0.014 54.42±5.25 0.039 0.373 

 
As can be seen from Table 2 there is a good agreement between results obtained by the developed 

fluorimetric method and spectrophotometric method. The quinine content does not exceed the maximum al-
lowable value of 85 mg/l in a beverage. But it is content in the tablet is slightly higher than the stated amount 
of 50 mg per tablet, which might have a bearing on human health on scheduled administration. 

Additionally the limit of detection of quinine in 0.01 M sulfuric acid was calculated as 0.0029 mg/l. The 
value of the limit of detection is much lower in comparison with the majority of works [7–8, 11–16]. 

Conclusions 

An effective, highly sensitive, simple and low-cost fluorimetric method for the determination of quinine 
in pharmaceuticals and soft drinks has been developed. The quantum yield of quinine in sulfuric acid of var-
ious concentrations was calculated. Optimal conditions for quinine determination in 0.01 M sulfuric acid 
were selected. The quinine luminescence process was studied and the quinine phosphorescence process was 
observed in 0.01 M H2SO4. Due to the selected assay conditions the high detection sensitivity and the limit of 
detection for quinine determination in pharmaceuticals and beverages has been achieved. 
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Дəрілік препараттар мен сусындардағы хининді  
флуориметрия əдісімен анықтау 

Фармацевтикалық препараттар мен алкогольсіз сусындарда хининді анықтаудың жоғары сезімтал 
жəне қарапайым флуориметрлік əдісі ұсынылған. Дəрілік заттар мен сусындарда хининді 
флуориметрлік анықтаудың оңтайлы шарттары табылды: еріткіш — 0,01 М күкірт қышқылы, қозу 
толқынының ұзындығы 353 нм, люминесценция толқынының ұзындығы 452 нм, строб параметр-
лері — сигналдың кідірісі 0,85 мкс, дабылдың ұзақтығы 21,25 мкс. Əзірленетін əдістеменің 
сезімталдығын арттыру үшін 0,005-нан 1,000 М-ге дейін күкірт қышқылының əртүрлі концентра-
цияларында хининнің люминесценциясына зерттеу жүргізілді, сондай-ақ күкірт қышқылының барлық 
зерттелетін концентрацияларында хининнің кванттық шығыны есептелді. Хининнің люминесцен-
циясының ең үлкен қарқындылығы, хининнің ең үлкен кванттық шығымы жəне еріткіштің ең аз 
фонының сигналы 0,01 М H2SO4-те байқалатыны анықталды. Хининді анықтау 0,10-ден 1,00 мг/л 
дейінгі концентрация аралығында жүргізілді. Табылған жағдайда «Анальгин-хинин» дəрілерінде жəне 
«Schweppes Bitter Lemon» алкогольсіз сусынында хининнің мөлшері зерттелді. Салыстыру əдісі 
ретінде талдаудың спектрофотометриялық əдісі қолданылды. Хининді салыстыру əдісімен анықтау 
толқын ұзындығы 347 нм кезінде хининді жұтқан кезде 1,00-ден 10,00 мг/л-ге дейінгі концентрация 
диапазонында жүргізілді. Ұсынылған əдістеме фармацевтикалық препараттар мен тамақ өнімдерінің 
сапасын бақылау үшін пайдаланылуы мүмкін. 

Кілт сөздер: хинин, фармацевтикалық дəрілік заттар, сусындар, квантты шығым, строб параметрлері. 
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Определение хинина в лекарственных препаратах и напитках  
методом флуориметрии 

Предложен высокочувствительный и простой флуориметрический метод определения хинина в фар-
мацевтических препаратах и безалкогольных напитках. Найдены оптимальные условия флуориметри-
ческого определения хинина в лекарствах и напитках: растворитель — 0.01 М серная кислота, длина 
волны возбуждения 353 нм, длина волны люминесценции 452 нм, параметры строба — задержка сиг-
нала 0.85 мкс, длительность сигнала 21.25 мкс. Для увеличения чувствительности разрабатываемой 
методики проведены исследования люминесценции хинина при различных концентрациях серной ки-
слоты от 0.005 до 1.000 М, а также подсчитан квантовый выход хинина при всех исследуемых кон-
центрациях серной кислоты. Установлено, что наибольшая интенсивность люминесценции хинина, 
наибольший квантовый выход хинина и наименьший сигнал фона растворителя наблюдается в 0.01 М 
H2SO4. Определение хинина проводилось в диапазоне концентраций от 0.10 до 1.00 мг/л. Рассчитан 
предел обнаружения хинина в 0.01 М H2SO4 при заданных условиях, который составил 0.0029 мг/л. 
При найденных условиях исследовано содержание хинина в таблетках «Анальгин-хинин» и в безалко-
гольном напитке «Schweppes Bitter Lemon». В качестве метода сравнения использован спектрофото-
метрический метод анализа. Определение хинина методом сравнения проводили в диапазоне концен-
траций от 1.00 до 10.00 мг/л при поглощении хинина при длине волны 347 нм. Предложенная методи-
ка может быть использована для контроля качества фармацевтических препаратов и пищевых продук-
тов. 

Ключевые слова: хинин, фармацевтические препараты, напитки, квантовый выход, параметры строба. 
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Thermal capacity of new nanodimensional cobalt-cuprate-manganite 
LaLi2CoCuMnO6 and nickelite-cuprate-manganite LaLi2NiCuMnO6  
in the interval of 298.15–673 K and their thermodynamic properties 

The specific thermal capacities of our new obtained nanodimensional cobalt-cuprate-manganite and nickelite-
cuprate-manganite of lanthanum and lithium of structures LaLi2CoCuMnO6 and LaLi2NiCuMnO6 were first 
studied with the method of a dynamic calorimetry in the interval of temperatures of 298.15–673 K. Their 
mole thermal capacities were calculated from specific thermal capacities. It was established that 
LaLi2CoCuMnO6 at 398 K and LaLi2NiCuMnO6 at 373 K and 573 K were subjected to II-type phase transi-
tions. Based on temperature of phase transitions the equations of temperature dependence of thermal capacity 
were set up. All obtained experimental and calculated data were processed strictly with methods of mathe-
matical statistics. The mean square deviations were measured for average values of specific thermal capaci-
ties, as well as random components of an error for mole thermal capacities. The standard entropies of the 
studied compounds were calculated with method of ionic increments. Referring to the experimental data on 
thermal capacities and calculated values of standard entropies in the interval of 298.15–675 with step through 
50 K the temperature dependences of an enthalpy of Нº(Т)–Нº(298.15), entropy of Sº(T) and the specified 
thermodynamic potential Фхх(Т) were calculated. 

Keywords: thermodynamics, cobalt, nickelite, cuprate, manganite, thermal capacity, calorimetry, lanthanum, 
lithium. 

 

Introduction 

It has been known that cuprates, cobaltites, nickelites and manganites of the rare-earth elements doped 
with oxides of alkaline and alkaline-earth metals have the unique physical and chemical properties as semi-
conductor, magnetic, superconducting and they represent as materials of operative memory [1–9]. For sever-
al years we have been conducting the systematic and purposeful researches on synthesis and studying the 
thermodynamic and electrophysical properties of double and threefold manganites, chromites, ferrites, 
cuprate-manganites, manganite-ferrites, chromite-manganites, cobalt-manganites, nickelite-manganites, fer-
ro-chrome manganites, etc. [10–15]. 

The certain theoretical and practical interest includes the research of thermodynamic properties of new 
phases consisting of cobaltites, nickelites, cuprates and manganites. Thus, this paper demonstrates the re-
search results of the thermodynamic properties of new nanodimensional cobalt-cuprate-manganite and 
nickelite-cuprate-manganite of lanthanum and lithium of structures LaLi2CoCuMnO6 and LaLi2NiCuMnO6. 
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Experimental 

LaLi2CoCuMnO6 and LaLi2NiCuMnO6 were synthesized with method of the ceramic technology in the 
interval of 800–1200 ºС by interaction of La2O3 (especially pure), CoO (analytically pure), NiO (analytically 
pure), CuO (analytically pure), Mn2O3 (analytically pure) and Li2CO3 (analytically pure) with intermediate 
milling and stirring every 100 ºС for 20 h. Low-temperature annealing for obtaining a stable phase at a low 
temperature was made at 400 ºС for 10 h. By grinding of polycrystalline samples in a vibration mill of the 
Retsch (Germany) company of the MM301 brand there have been obtained their nanodimensional 
(nanocluster) particles, the sizes (40–90 nm) of which were determined on an atomic-force microscope 
JSPM-5400 Scanning Probe Microscope «JEOL» (Japan). The radiographic research of nanodimensional 
LaLi2CoCuMnO6 and LaLi2NiCuMnO6 was performed on the DRON-2.0 diffractometer at FeКα — radia-
tion, with Ni-filter. It was established with the indexing of roentgenograms of compounds that they were 
crystallized in an isometric system with the following parameters of grid: LaLi2CoCuMnO6 — 
а = 11.33±0.02Å; Vo = 2563.20±0.06Å3; Z = 4; Vo

elec.cell = 640.80±0.02Å3; ρroent.= 4.0 g/cm3; 
ρpick.= 3.90±0.02 g/cm3; LaLi2NiCuMnO6 — а = 13.83±0.02Å; Vo = 2644.16±0.06Å3; Z = 4; 
Vo

elec.cell = 661.04±0.02Å3; ρroent. = 4.03 g/cm3; ρ pick = 3.99±0.01 g/cm3 [16, 17]. 
The thermal capacity of compounds was investigated on IT-S-400 calorimeter in the interval of 298.15–

673 K. Calibration of the device was performed using copper standard, and checking operation — measure-
ment of thermal capacity of α-Al2O3. The specific thermal capacity (Cp(specific)) was measured at each temper-
ature every 25 K from which the mole thermal capacity (Cºp (m)) was calculated. The procedure of experi-
ments is in detail described in [18]. Our similar researches on this calorimeter were performed in [10–15, 
19]. Table 1 demonstrates below the results of calorimetric researches. 

T a b l e  1  

Experimental values of thermal capacities of LaLi2CoCuMnO6 and LaLi2NiCuMnO6  

[Сp(specific) ± δ , J/(g·K); Cºp(m) ± 
0

Δ , J/(mol·K)] 

Т, К 
LaLi2CoCuMnO6 LaLi2NiCuMnO6 

Сp(specific) ± δ  Cºp(m) ±
0

Δ  Сp(specific) ± δ  Cºp(m) ±
0

Δ  
298.15 0.6022±0.0056 257±7 0.5962±0.0183 254±22 

323 0.7895±0.0077 336±9 0.7704±0.0130 328±15 
348 0.8035±0.0081 342±10 0.8730±0.0058 372±7 
373 0.8384±0.0077 357±9 0.9014±0.0099 384±12 
398 0.8736±0.0072 372±9 0.8199±0.0139 349±16 
423 0.8233±0.0204 351±24 0.9554±0.0138 407±16 
448 0.9887±0.0084 421±10 0.9975±0.0098 425±12 
473 1.0365±0.0107 442±13 1.0553±0.0154 450±18 
498 1.0468±0.0108 446±13 1.0689±0.0187 455±22 
523 1.0678±0.0141 455±17 1.1006±0.0208 469±25 
548 1.0917±0.0130 465±15 1.1132±0.0120 474±14 
573 1.1136±0.0082 475±10 1.1465±0.0186 488±22 
598 1.1293±0.0112 481±13 1.0405±0.0168 443±20 
623 1.1428±0.0078 487±9 1.1089±0.0261 472±31 
648 1.1588±0.0127 494±15 1.1314±0.0152 482±18 
673 1.1751±0.0052 501±6 1.1691±0.0185 498±22 

 

Results and Discussion 

Results of the calorimetric researches in Figure 1 and Table 1 show that there were defined the anoma-
lies changes of thermal capacity probably connected with II-type phase transitions on the curve of depend-
ence Cºp ~ f(T) for LaLi2CoCuMnO6 at 398 K, and LaLi2NiCuMnO6 at 373 K and 573 K. These transitions 
might be caused with Schottky effects, changes of magnetic resistance, conductivity, dielectric permeability, 
existence of Curie and Neel points, etc. Including temperatures of phase transitions the equations of tempera-
ture dependence of thermal capacity were set up for LaLi2CoCuMnO6 [J/(mol·K)]: 
 Cºp(1) = (1284±37) – (1454.1±41.9)·10–3T – (527.7±15.2)·105T–2, (298.15–398 К); (1) 
 Cºp(2) = (714±21) – (857.7±24.7)·10–3T, (398–423 К); (2) 
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 Cºp(3) = (959±28) – (430.6±12.4)·10–3T – (761.8±21.9)·105T–2, (423–673 К) (3) 
and for LaLi2NiCuMnO6 [J/(mol·K)]: 
 Сºр(1) = (2402.31±105.7) – (3540.0±155.76)⋅10–3Т – (971.0±42.72)⋅105Т–2, (298.15–373 К); (4) 
 Сºр(2) = (902.0±39.69) – (1388.80±61.11)⋅10–3Т, (373–398 К); (5) 
 Сºр(3) = (915.07±40.26) – (403.53±17.76)⋅10–3Т – (641.86±28.24)⋅105Т–2, (398–573 К); (6) 
 Сºр(4) = (1522.45±66.99) – (1804.72±79.41)⋅10–3Т, (573–598 К); (7) 
 Сºр(5) = (635.83±27.98) + (70.76±3.11)⋅10–3Т – (840.05±36.96)⋅105Т–2. (598–673 К). (8) 

The standard entropy of LaLi2CoCuMnO6 and LaLi2NiCuMnO6 was calculated with system of ionic en-
tropy increments according to [20]. 

 

 
a 

 
b 

Figure. Dependence of thermal capacity of LaLi2CoCuMnO6 (a) and LaLi2NiCuMnO6 (b)  
on temperature in the interval of 298.15–673 K 

Referring to the experimental data on Cºp(T) and calculated values of standard entropies of Sº(298.15) 
the temperature dependences of the thermodynamic functions of Нº(Т)–Нº(298.15), Sº(T) and Фхх(Т) were 
calculated. Their values are presented in Table 2. Errors of thermodynamic functions were calculated using 
errors of the experimental data on Cºp(T) and calculated values of Sº(298.15). 

T a b l e  2  

Thermodynamic functions of LaLi2CoCuMnO6 and LaLi2NiCuMnO6 

T, K 
LaLi2CoCuMnO6 LaLi2NiCuMnO6 

Cºp(T), 
J/(mol·K) 

Sº(T), 
J/(mol·K) 

Нº(Т)–Нº(298.15), 
kJ/mol 

Фxx(T), 
J/(mol·K) 

Cºp(T), 
J/(mol·K) 

Sº(T), 
J/(mol·K) 

Нº(Т)–Нº(298.15), 
kJ/mol 

Фxx(T), 
J/(mol·K) 

298 257±7 248±7 – 248±15 254±11 239±7 – 239±18 
300 262±8 250±15 520±15 248±15 261±11 241±18 515±20 239±18 
350 345±10 298±18 15970±460 252±15 371±16 291±21 16870±740 243±18 
400 373±11 345±20 34070±980 261±15 346±15 341±25 35450±1560 252±19 
450 389±11 389±23 52370±1510 273±16 417±18 386±29 54790±2410 265±20 
500 439±13 433±25 73160±2107 286±17 457±20 433±32 76700±3370 279±21 
550 470±13 476±28 95940±2760 302±18 481±21 477±35 100190±4410 295±22 
600 489±14 518±30 107840±3100 318±19 440±19 519±38 123870±5450 312±23 
650 499±14 557±33 131160±3780 335±20 483±21 556±41 147100±6470 329±24 
675 501±14 576±34 157180±4520 343±20 499±22 574±42 159390±7010 338±25 
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The standard enthalpies of formation ΔƒНо(298.15) of LaLi2CoCuMnO6 and LaLi2CoCuMnO6 calculat-
ed by the method developed by us are equal to 2934.3 and 2935.3 to kJ/mol, respectively [21]. 

Conclusions 

The isobaric thermal capacity of new nanodimensional (nanocluster) cobalt-cuprate-manganite and 
nickelite-cuprate-manganite of lanthanum and lithium of structures LaLi2CoCuMnO6 and LaLi2NiCuMnO6 

was investigated in the interval of 298.15–673 K. Temperatures of II-type phase transitions were determined. 
The equations describing temperature dependences of thermal capacity compounds were set up with the help 
of temperatures of phase transitions. 

The temperature dependences of the thermodynamic functions Sº(T), Нº(Т)–Нº(298,15) and Фхх(Т) of 
cobalt-cuprate-manganite and nickelite-cuprate-manganite were calculated on the basis of the experimental 
data on Cºp(T) and calculated values of Sº(298.15) in the interval of 298.15–675 K. 

Research results are of interest to the physical and chemical modeling of the directed synthesis of ob-
tained and similar compounds, used as basic data for the fundamental reference books and databanks and 
have an importance for physical chemistry of oxide materials and prediction of valuable physical and chemi-
cal properties of cobalt (nickelite)-cuprate-manganites. 

Work was performed within the Contract No. 65 dated 23.02.2018 signed between Committee of science 
of the Ministry of Education and Science of the Republic of Kazakhstan and Abishev Chemical-Metallurgical 
Institute, the Grant Code of Individual Registration Number: AP05131317; AP05131333). 
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Б.Қ. Қасенов, Ш.Б. Қасенова, Ж.И. Сағынтаева, Е.Е. Қуанышбеков, Н.И. Копылов 

298,15–673 К аралығында жаңа наномөлшерлі кобальт-купрат-манганиті 
LaLi2CoCuMnO6 мен LaLi2NiCuMnO6 никелит-купрат-манганитінің  
жылусыйымдылығы жəне олардың термодинамикалық қасиеттері 

298,15–673 К аралығында динамикалық калориметрия əдісімен алғаш рет синтездеп алған жаңа 
наномөлшерлі LaLi2CoCuMnO6 мен LaLi2NiCuMnO6 құрамды кобальт-купрат-манганит пен никелит-
купрат-манганитінің меншікті жылусыйымдылықтары зерттелді. Меншікті жылусыйымдылықтардан 
олардың мольдік жылусыйымдылықтары есептелінді. LaLi2CoCuMnO6 398 К жəне LaLi2NiCuMnO6 
373 К мен 573 К температурасында II-ші реттегі фазалық өзгерістер анықталды. Фазалық 
өзгерістердің температураларын ескере отырып, жылусыйымдылықтардың теңдеулері қорытылып 
шығарылды. Барлық алынған тəжірибелік жəне есептеу нəтижелері математикалық статистика 
əдістерімен нақты түрде өңделді, меншікті жылусыйымдылықтарының орташа мəндері орташі 
квадраттық ауытқушылықтармен, ал мольдік жылу сыйымдылықтары ауытқушылықтың 
кездейсоқтық құрамымен анықталды. Иондық инкременттер əдісімен зерттеліп отырған 
қосылыстардың стандарттық энтропиялары есептелді. Жылусыйымдылықтарының тəжірибелік жəне 
стандарттық энтропиялардың есептеу мəндерінің негізінде 298,15–673 К аралығында 50 К сайын 
энтальпияның Нº(Т)–Нº(298,15), энтропияның Sº(T) жəне келтірілген термодинамикалық 
потенциалдық Фxx(T)-тің температураға тəуелділіктері есептелді. 

Кілт сөздері: термодинамика, кобальт, никелит, купрат, манганит, жылусыйымдылық, калориметрия, 
лантан, сілтілік металдар. 

 
Б.К. Касенов, Ш.Б. Касенова, Ж.И. Сагинтаева, Е.Е. Куанышбеков, Н.И. Копылов 

Теплоемкость новых наноразмерных кобальто-купрато-манганита 
LaLi2CoCuMnO6 и никелито-купрато-манганита LaLi2NiCuMnO6  

в интервале 298,15–673 К и их термодинамические свойства 

Методом динамической калориметрии в интервале температур 298,15–673 К впервые исследованы 
удельные теплоемкости полученных нами новых наноразмерных кобальто-купрато-манганита и нике-
лито-купрато-манганита лантана и лития составов LaLi2CoCuMnO6 и LaLi2NiCuMnO6. Из удельных 
теплоемкостей рассчитаны их мольные теплоемкости. Установлено, что LaLi2CoCuMnO6 при 398 К и 
LaLi2NiCuMnO6 при 373 К и 573 К претерпевают фазовые переходы II-рода. С учетом температур фа-
зовых переходов выведены уравнения температурной зависимости теплоемкости. Все полученные 
экспериментальные и расчетные данные обработаны строго методами математической статистики, 
для усредненных значений удельных теплоемкостей рассчитаны среднеквадратичные отклонения, а 
для мольных теплоемкостей — случайные составляющие погрешности. Методом ионных инкремен-
тов вычислены стандартные энтропии исследуемых соединений. На основе опытных данных по теп-
лоемкостям и расчетных значений стандартных энтропий в интервале 298,15–675 К шагом через 50 К 
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вычислены температурные зависимости энтальпии Нº(Т)–Нº(298,15), энтропии Sº(T) и приведенного 
термодинамического потенциала Фхх(Т). 

Ключевые слова: термодинамика, кобальт, никелит, купрат, манганит, теплоемкость, калориметрия, 
лантан, литий. 
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Lanthanum-magnesium-nickel tellurite:  
thermodynamic and electrophysical characteristics 

Lanthanum-magnesium-nickel tellurite with composition of La2MgNiTeO7 was synthesized from La2O3, 
NiO, TeO2 oxides and MgCO3 with the help of the ceramic technology. The temperature dependences of the 
isobaric heat capacity of tellurite La2MgNiTeO7 were studied on an IT-S-400 calorimeter using an 
experimental method of dynamic calorimetry in the range of 298.15–673 K. The operation of the calorimeter 
was checked by measuring the standard heat capacity of α-Al2O3. The specific heat capacities were measured, 
and then the molar heat capacities of the synthesized tellurite were calculated using them. In the study of the 
dependence of the heat capacity of tellurite La2MgNiTeO7 on temperature at 423 K, a sharp anomalous 
λ-shaped jump was found, probably related to a second-order phase transition. This transition can be 
associated with cationic redistribution, changes in the coefficient of thermal expansion and magnetic moment, 
as well as changes in dielectric constant and electrical resistivity. The equation of the temperature dependence 
of the heat capacity of the compound is derived on the basis of the experimental data, taking into account the 
phase transition temperature of the second kind. The temperature dependences of the heat capacity Cp

0(T) and 
thermodynamic functions, namely, the entropy S0(T), the enthalpy H0(T) – H0(298.15) and the reduced 
thermodynamic potential Фхх(Т) were calculated based on the experimental data on heat capacities and the 
calculated standard entropy value S0(298.15) in the interval 298.15–673 K. For the first time, the temperature 
dependences of the dielectric constant and electrical resistance of tellurite La2MgNiTeO7 in the temperature 
range of 293–483 K were studied on the LCR-800 instrument. There are maxima and minima on the curves of 
lgƐ∼f(T) and lgR∼f(T), which confirm the λ-shaped effect on the Cp

0∼f(T) curve of a successful compound, 
related to the second-order phase transition. The data obtained show that the tellurite studied has 
semiconductor properties. 

Keywords: lanthanum-magnesium-nickel tellurite, heat capacity, thermodynamic functions, dielectric 
constant, electrical resistance. 

 
The study of complex oxides of 3d- and 4f-elements with a perovskite structure is important for inor-

ganic materials science [1]. In this regard, the purpose of this work is to study the thermodynamic and 
electrophysical characteristics of new lanthanum-magnesium-nickel tellurite La2MgNiTeO7. Ceramic tech-
nology was used to synthesize lanthanum-magnesium-nickel La2MgNiTeO7 tellurite from oxides La2O3, NiO 
(«high pure»), TeO2 («reagent grade») and carbonate MgCO3 («reagent grade»). The method of synthesis 
and X-ray study of this compound are described in detail in our previous work [2]. The proposed structure of 
the synthesized tellurite is perovskite with the space group Pm3m. 

The isobaric heat capacity of La2MgNiTeO7 was studied by dynamic calorimetry on an IT-C-400 in-
strument in the temperature range 298.15–673 K. The operation of the calorimeter was checked by measur-
ing the standard heat capacity of α-Al2O3. The value of Cp(298.15) α-Al2O3 found experimentally was 
76.0 J/(mol K), which fully satisfies the reference value (79 J/(mol K)) [3]. At each temperature, the estima-
tion of standard deviation (̅ߜ) was carried out for the averaged values of specific heat capacity, and the ran-
dom error component (̅ߜ) [4] was calculated for the molar heat capacity. The measurement errors of the heat 
capacity at all temperatures are within the accuracy of the instrument (± 10 %) [5]. The specific heat capaci-
ties of tellurite were studied, then its molar heat capacities were calculated from the experimental values ob-
tained [6]. The experimental values of the heat capacity of the tellurite under study are listed in Table 1. 

When studying the dependence of the heat capacity of La2MgNiTeO7 tellurite on temperature at 423 K, 
a sharp anomalous λ-shaped jump (Fig. 1) was found, probably related to a second-order phase transition. 
This transition can be associated with cationic redistribution, changes in the coefficient of thermal expansion 
and magnetic moment, as well as changes in dielectric constant and electrical resistivity. 
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T a b l e  1  

Experimental values of the heat capacities of La2MgNiTeO7 

Т, К pC ± δ , J/(g K) 
0

0
рС ± Δ , J/(mol K) 

298.15 0.5337±0.0124 332±21 
323 0.5562±0.0173 334±29 
348 0.6225±0.0155 374±26 
373 0.7365±0.0201 442±34 
398 0.8892±0.2277 534±38 
423 1.0677±0.0100 641±17 
448 1.0231±0.0119 614±20 
473 0.9651±0.0266 580±44 
498 0.8953±0.0248 538±41 
523 0.8070±0.0134 485±22 
548 0.7252±0.0189 435±32 
573 0.7813±0.0177 469±30 
598 0.8532±0.0145 512±24 
623 0.9263±0.0191 556±32 
648 1.0213±0.0111 613±19 
673 1.1270±0.0291 677±49 

 

 

Figure 1. Temperature dependence of the heat capacity of La2MgNiTeO7 

The equation of the temperature dependence of the heat capacity of the compound is derived On the ba-
sis of experimental data (Table 1), taking into account the temperature of a phase transition of the second 
kind, 
 Cp

0, J/(mol×K) = a + bT + cT–2,  (1) 
coefficients are given in Table 2. 

T a b l e  2  

The coefficients of equation (1) in the range of 298.15 — 673 K 

ΔT, К a b×103 c×10–5

298–423 –(3174±191) 7542.7±454.8 1118.15±67.43 
423–548 2643±159 –(3428.5±206.7) –(986.92±59.51) 
548–673 –(2534±153) 4010.5±241.8 2317.69±139.76 

 
We used the mean random error values for the temperature ranges under consideration to determine the 

error of the coefficients in the Cp
0∼f(T) dependency equations. 

The temperature dependences of the functions S0(T), H0(T) – H0(298.15) and Фхх(T) have been 
calculated based on the known relations [6], using the experimental data on Cp

0∼f(T) and the calculated value 
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S0(298.15). The results are shown in Table 3. Due to the fact that the technical characteristics of the device 
do not directly calculate the standard entropy of S0(298.15) tellurite from experimental data on Cp

0(T), it was 
estimated using the ion increment method [7]. 

T a b l e  3  

Thermodynamic functions of tellurite La2MgNiTeO7 in the range of 298.15 — 673 K 

Т, К 0 ( )pC T ± Δ


, J/(mol × K) 0( )S T ± Δ


, J/(mol×K) ( ) (298.15)H T H− ± Δ


  , J/mol ( )
0

хх ТΦ ± Δ , J/(mol×K)

298.15 255±15 251±8 – 251±8 
300 331±20 253±23 660±40 251±23 
325 336±20 279±25 8900±540 252±23 
350 378±23 306±28 17760±1070 255±23 
375 449±27 334±30 28050±1690 259±23 
400 542±33 366±33 40390±2440 265±24 
425 650±39 402±36 55260±3330 272±25 
450 613±37 438±40 70930±4280 280±25 
475 577±35 470±42 85820±5180 289±26 
500 534±32 498±45 99720±6010 299±27 
525 485±29 523±47 112460±6780 309±28 
550 431±26 545±49 123920±7470 319±29 
575 473±29 565±51 135290±8160 330±30 
600 516±31 586±53 147630±8900 340±31 
625 566±34 608±55 161140±9720 350±32 
650 621±38 631±57 175970±10610 360±33 
675 682±41 656±59 192240±11590 371±34 

 
The average random components and errors were estimated for all values of heat capacity and enthalpy 

over the entire temperature range, and the accuracy of entropy calculation (± 3 %) was included in the error 
estimate for the values of entropy and reduced thermodynamic potential. The presence of a phase transition 
of the second kind on the plot of Cp

0∼f(T) for the tellurite under study suggests that this compound may have 
unique electrophysical properties. 

In this connection, the temperature dependences of the dielectric constant and electrical resistance of 
tellurium La2MgNiTeO7 in the temperature range 293–483 К were investigated. The study of electrophysical 
properties was carried out by measuring the electrical capacitance of samples on an LCR-800 instrument 
(Taiwan) at a working frequency of 1 kHz continuously in dry air in a thermostat mode with an exposure 
time at each fixed temperature. 

Previously, plane-parallel samples were made in the form of discs with a diameter of 10 mm and a 
thickness of 1–5 mm with a binding additive (~1.5 %). Pressing was carried out under a pressure of 
20 kg/cm2. The resulting discs were fired in a silica oven at 1000 for 6 hours. 

The samples were kept for 8 hours at a temperature of 600 ºC in order to impart sufficient strength for 
the experiment they were thoroughly double-sided polished. The two-electrode system is applied; the elec-
trodes are applied by firing silver paste. 

The dielectric constant was determined from the electrical capacity of the sample for known values of 
the sample thickness and the surface area of the electrodes. The Sawyer-Tower circuit was used to obtain the 
relationship between the electric induction D and the electric field strength E. A visual observation of D 
(E hysteresis loop) was carried out on a C1–83 oscilloscope with a voltage divider consisting of a resistance 
of 6 MΩ and 700 kΩ and a reference capacitor of 0.15 μF. The frequency of the generator is 300 Hz. In all 
temperature studies, the samples were placed in a furnace, the temperature was measured with a chromel-
alumel thermocouple connected to a B2–34 voltmeter with an error of ± 0.1 mV. The rate of temperature 
change is ∼5 K/min. The value of the dielectric constant at each temperature was determined by the formula: 

 
0

C
С

ε = , (2) 

where 0
0

 SС
d

ε ⋅=  is the capacitance of the capacitor without the test substance (air). 
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Since ceramic materials have certain inertia, the change in electrical properties, the data on the integral 
electrical resistance and electrical capacity were determined only after preliminary exposure for ∼0.5 hours 
at a fixed temperature. This is especially important in the area of abnormal changes in the above characteris-
tics., measurements are also carried out by the method of direct deflection using an E6–13A thermometer to 
compare the data on the electrical conductivity. 

Experimental data on the study of the electrophysical properties of La2MgNiTeO7 ternary tellurite are 
given in Table 4 and in Figures 2, 3. 

T a b l e  4  

Dependence of electric capacitance (C), dielectric constant (ε) and electrical resistance (R)  
of tellurite La2MgNiTeO7 on temperature 

Т, К C, μF ε lg ε R, Ohm lg R 

293 9.24 52 1.71 366300 5.56 
303 9.23 52 1.71 230100 5.36 
313 9.17 51 1.71 114100 5.06 
323 9.49 53 1.73 30340 4.48 
333 9.87 55 1.74 395300 5.60 
343 10.17 57 1.76 647600 5.81 
353 10.60 60 1.77 1043000 6.02 
363 10.07 57 1.75 2389000 6.38 
373 10.63 60 1.78 2905000 6.46 
383 11.07 62 1.79 3115000 6.49 
393 11.27 63 1.80 3210000 6.51 
403 10.52 59 1.77 2508000 6.40 
413 8.85 50 1.70 612800 5.79 
423 8.70 49 1.69 436500 5.64 
433 8.89 49 1.69 562200 5.75 
443 8.89 50 1.70 760500 5.88 
453 9.08 51 1.71 1021000 6.01 
463 9.29 52 1.72 1179000 6.07 
473 9.40 53 1.72 1241000 6.09 
483 9.57 54 1.73 1397000 6.15 

 

 

Figure 2. Temperature dependence of dielectric constant of La2MgNiTeO7 
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Figure 3. Temperature dependence of the electrical resistance of La2MgNiTeO7 

Analysis of the data in Table 4 and Figures 2 and 3 shows that La2MgNiTeO7 compound in the range of 
293–323 K exhibits semiconductor, at 323–393 K — metallic, at 393–423 K — semiconductor and at 433–
483 K — metallic conductivity. 

The calculation of the width of the forbidden zone was calculated by the formula 

 1 2 1

2 1 2

2
ln ,

kT T RE
T T R

Δ =
−

 (3) 

where k is the Boltzmann constant; R1 and R2 are resistances at temperatures T1 and T2, respectively. 
The width of the forbidden zone (∆E), calculated by the formula (3), in the interval 293–323 К is 

1.57 eV, and it is 2.56 eV in the interval 393–423 K. The research results given in Table 4 and in Figures 2 
and 3 shows that the new tellurite La2MgNiTeO7 exhibits semiconductor properties. 

Thus, for the first time, the isobaric heat capacity of lanthanum-magnesium-nickel tellurite 
La2MgNiTeO7 was experimentally investigated by dynamic calorimetry in the temperature range  
298.15–673 K. The temperature dependences of the heat capacity for the compound under study are derived 
based on the experimental values. The standard heat capacity of ternary tellurite was determined 
experimentally. The temperature dependences of the thermodynamic functions S0(T), H0(T) – H0(298.15) and 
Фхх(Т) are calculated in the range of 298.15–673 K. There is a λ-shaped peak related to a second-order phase 
transition on the Cp

0∼f(T) dependence curve of lanthanum-magnesium-nickel tellurite La2MgNiTeO7 at a 
temperature of 423 K. 

For the first time, the temperature dependences of the dielectric constant and electrical resistance of 
tellurite La2MgNiTeO7 have been studied on the LCR instrument. The curves lgε∼f(T) and lgR∼f(T) have 
maxima and minima, which confirm the λ-like effect on the Cp

0∼f(T) dependence curve of the indicated 
compound, related to the phase transition of the second kind. 

The obtained data showed that the La2MgNiTeO7 tellurite had semiconductor properties and was of 
interest for electronic technology. 

The obtained new thermochemical and thermodynamic data serve as initial information files for 
fundamental data banks and reference books; they are of theoretical and practical interest for inorganic 
materials science in the field of directional synthesis of compounds with multifunctional properties. 
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К.Т. Рүстембеков, М.С. Қасымова, Е.В. Минаева, А.Ж. Бектұрғанова 

Лантан-магний-никель теллуриті: термодинамикалық  
жəне электрфизикалық сипаттамалары 

Керамикалық технология əдісімен La2O3, NiO, TeO2 оксидтері мен MgCO3 карбонатынан La2MgNiTeO7 

құрамды лантан-магний-никель теллуриті синтезделді. ИТ-С-400 калориметрінде динамикалық 
калометрияның тəжірибелік əдісімен 298,15–673 К аралығында La2MgNiTeO7 теллуритінің 
изобаралық жылусыйымдылығы зерттелді. Калориметрдің жұмысы α-Al2O3 стандартты 
жылусыйымдылығын өлшеумен тексерілді. Меншікті жылусыйымдылық өлшенді, кейін олар 
бойынша синтезделген теллуриттің мольдік жылусыйымдылығы есептелді. La2MgNiTeO7 теллуриті 
жылусыйымдылығының температурадан тəуелділігін зерттеу барысында 423 К күрт аномальді 
λ-тəрізді секіріс байқалды, оның ІІ-ші текті фазалық ауысуға сəйкес келуі мүмкін. Бұл ауысу 
катиондардың қайта бөлінулерімен, термиялық ұлғаю коэффициенттерінің жəне магниттік моментінің 
өзгерістерімен, сол сияқты диэлектрлік өткізгіштігі жəне электрлік кедергісінің өзгерістерімен 
байланысты болуы мүмкін. Тəжірибелік мəліметтерінің негізінде, ІІ-ші текті фазалық ауысу 
температурасын ескере отырып, қосылыстың жылусыйымдылығының температуралық тəуелділік 
теңдеулері шығарылды. Жылусыйымдылықтарының тəжірибелік мəліметтерінің жəне стандартты 
энтропияның S0(298,15) есептелген мəнінің негізінде 298,15–673 К аралығында жылусыйымдылықтың 
Cp

0(Т) жəне термодинамикалық функциялардың: энтропияның S0(Т), энтальпияның Н0(Т) – Н0(298,15) 
жəне келтірілген термодинамикалық потенциалдың Фхх(Т) температуралық тəуелділіктері есептелді. 
LCR-800 құрылғысында алғаш рет 293–483 К температура аралығында La2MgNiTeO7 теллуритінің 
диэлектрлік өткізгіштігі мен электрлік кедергісінің температуралық тəуелділігі зерттелді. lgƐ∼f(Т) 
жəне lgR∼f(Т) тəуелділік қисықтарында максимумдар мен минимумдардың болуы, бұл қосылыстың 
Cp

0∼f(Т) тəуелділік қисығындағы, ІІ-ші фазалық ауысуға тиесілі λ-тəрізді эффектіні дəлелдеді. 
Алынған мəліметтер зерттеліп отырған теллуриттің жартылайөткізгіштік қасиеттерге ие 
болатындығын көрсетті. 

Кілт сөздер: лантан-магний-никель теллуриті, жылусыйымдылық, термодинамикалық функциялар, 
диэлектрлік өткізгіштік, электркедергісі. 
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Теллурит лантана-магния-никеля:  
термодинамические и электрофизические характеристики 

Методом керамической технологии из оксидов La2O3, NiO, TeO2 и карбоната MgCO3 синтезирован 
теллурит лантана-магния-никеля состава La2MgNiTeO7. На калориметре ИТ-С-400 эксперимен-
тальным методом динамической калориметрии в интервале 298,15–673 К исследованы температурные 
зависимости изобарной теплоемкости теллурита La2MgNiTeO7. Проверку работы калориметра 
проводили измерением стандартной теплоемкости α-Al2O3. Измерены удельные, а затем по ним 
рассчитаны мольные теплоемкости синтезированного теллурита. При исследовании зависимости 
теплоемкости теллурита La2MgNiTeO7 от температуры при 423 К обнаружен резкий аномальный 
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λ-образный скачок, связанный, вероятно, с фазовым переходом ІІ рода. Этот переход может быть 
связан с катионным перераспределением, с изменениями коэффициента термического расширения и 
магнитного момента, а также с изменениями диэлектрической проницаемости и электросопротивле-
ния. На основании экпериментальных данных, с учетом температуры фазового перехода ІІ рода 
выведено уравнение температурной зависимости теплоемкости соединения. На основании опытных 
данных по теплоемкостям и расчетного значения стандартной энтропии S0(298,15) в интервале 
298,15–673 К вычислены температурные зависимости теплоемкости Cp

0(Т) и термодинамических 
функций: энтропии S0(Т), энтальпии Н0(Т) – Н0(298,15) и приведенного термодинамического 
потенциала Фхх(Т). Впервые на приборе LCR-800 исследованы температурные зависимости 
диэлектрической проницаемости и электросопротивления теллурита La2MgNiTeO7 в диапозоне 
температуры 293–483 К. На кривых зависимостях lgƐ∼f(Т) и lgR∼f(Т) имеются максимумы и 
минимумы, которые подтверждают λ-образный эффект на кривой зависимости Cp

0∼f(Т) удачного 
соединения, отнесенный к фазовому переходу ІІ рода. Полученные данные показали, что исследуемый 
теллурит обладает полупроводниковыми свойствами. 

Ключевые слова: теллурит лантана-магния-никеля, теплоемкость, термодинамические функции, 
диэлектрическая проницаемость, электросопротивление. 
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Production of syngas from agricultural wastes by plasma-chemical method 

A promising technology for utilization of agricultural waste is chemical plasma technology based on high-
temperature plasma-chemical effects and the decomposition of hydrocarbon products to produce synthesis 
gas. Emulsified mixture of cow dung and water was placed into the reactor for producing synthesis gas. On 
entering the emulsion is exposed to flame of a gas burner with a combustion temperature of two thousand de-
grees. The plasma-chemical reactor was regularly tested in different modes to find the best mode for the pro-
duction of synthesis gas and its composition. The stability of the voltage at the output of the electric generator 
was monitored at various loads. As a result, a stable operation of the gas generator was achieved. Chemical 
characteristics of syngas obtained appeared to be high: gas was pure and without dust, CO2 content was low, 
but content of hydrogen and CO was high, namely 31.62 % and 37.28, respectively. Gas quality was checked 
by visual observation of the burner flame and the temperature of the burning gas using an infrared pyrometer. 
The stability of the flame and the stability of the temperature of combustion characterize the quality of syn-
thesis gas. It is shown experimentally that the plasma-chemical treatment of hydrocarbons and agricultural 
wastes is a highly effective method for producing synthesis gas. 

Keywords: plasma chemistry, synthesis gas, hydrogen, carbon monoxide, agricultural waste, recycling. 

 
The development of power industry is based on the use of renewable energy sources and stimulated by 

the lack of traditional fuel and energy resources and environmental problems. Currently, there is an increas-
ing interest in creating new environmentally friendly technologies based on plasma processes. One of the 
most promising substitutes for classic fuels is synthesis gas, which is formed in the processing and recycling 
of oil and gas, coke-chemical, energy industries and agriculture waste [1, 2]. Due to modern developments, 
synthesis gas is obtained by gasifying not only coal and oil, but also more unconventional carbon sources, up 
to household and agricultural waste. 

Synthesis gas is mainly a mixture of carbon monoxide and hydrogen. It is produced industrially by 
steam reforming of methane, partial oxidation of methane, plasma gasification of waste and raw materials, 
coal gasification [3, 4]. The ratio of components in the synthesis gas varies in a wide range, because it de-
pends both on the raw materials used and on the type of conversion — by water vapor or by oxygen. De-
pending on the method of producing synthesis gas, the ratio of CO: H2 in it varies from 1: 1 to 1: 3. Typical-
ly, the percentage of substances in raw crude synthesis gas is as follows, %: CO — 15–18; H2 — 38–40; 
CH4 — 9–11; CO2 — 30–32. 

The most promising technology for the disposal of agricultural waste is a plasma-chemical technology. 
It is based on a high-temperature plasma-chemical effect on the recyclables to produce synthesis gas and the 
complete decomposition of the recyclable waste [5, 6]. The schematic diagram of the laboratory setup is 
shown in Figure 1. 
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1 — cylinder (propane-butane); 2, 3 — gas meters; 4 — gas outlet; 5 — dephlegmator; 6 — circulation pump;  
7 — valve; 8 — reactor; 9 — gas burner; 10 — drain; 11 — loading of raw materials; 12 — pressure gauge 

Figure 1. Laboratory set-up of plasma-chemical waste processing into synthesis gas 

An emulsified mixture of cow manure and water was fed into a 8 L metal cell (reactor) to produce syn-
thesis gas. The incoming emulsion was affected by the flame of a gas burner (domestic propane-butane gas) 
with a temperature of up to 2000 ºC. During the reaction for 15 minutes, the volume of evolved gas amount-
ed to 0.176 m3. The volume of consumed domestic gas in the burner was 0.036 m3. 

In this technology, cattle manure was the main material used in the production of synthesis gas. The 
composition of manure is greatly influenced by the specific gravity of concentrated feed in the diet and by 
the quantity and quality of litter. Manure contains up to 80 percent of water (source of water vapor) and up to 
20 percent of organic matter (source of carbon) [7, 8]. The chemical composition of manure is given in  
Table 1. 

T a b l e  1  

The chemical composition of the feedstock 

Сattle 
manure 

Сhemical composition (%) 

Water Organic matter 
Nitrogen 

(common) 
(Р2О5) (К2О) (СаО) (MgO) 

Iron oxide and  
Aluminum oxide (R2О3)

Cattle 77.3 20.3 0.45 0.23 0.50 0.40 0.11 0.05 
 

The resulting mixture of gases was collected in plastic containers every five minutes for investigation 
(burning temperature, composition, humidity, etc.). The analysis carried out on the Kristall Lux 4000-M gas 
chromatograph with a thermal conductivity detector showed a stable gas composition for a long time of  
2–5 days. The composition and quantitative ratios between the components of the mixture obtained by means 
of a plasma-chemical set-up correspond to the composition of synthesis gas. The composition and volume 
fractions of the components of the evolved gas mixture are shown in Table 2. 

T a b l e  2  

The composition of the synthesis gas, depending on the operating time of the reactor 

The operating time  
of the reactor, min 

Composition of the output gas, % 
Н2 О2 СО2 N2 СО 

10 14 8.6 3.6 55.0 17 
15 25 4.0 4.5 15 23 
20 45 0.0 6.5 0.5 43 
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As it seen from Table 2, an increase in the operating time of the reactor leads to improving qualitative 
composition of the output gas, because the content of CO2, O2, N2 decreases, and the content of CO and H2 
increases. 

Figure 2 shows the program window of the NetChrome chromatograph, where one of the results of the 
chromatographic analysis of the output gas is shown. 
 

 

Figure 2. Synthesis Gas Chromatogram 

The plasma-chemical reactor was regularly tested in different modes to find the best mode for the pro-
duction of synthesis gas and its composition. The stability of the voltage at the output of the electric genera-
tor was monitored at various loads. Gas quality was checked by visual observation of the burner flame and 
the temperature of the burning gas using an infrared pyrometer. The stability of the flame and the stability of 
the temperature of combustion characterize the quality of synthesis gas. The presence of water vapor, me-
chanical impurities at various burner modes with different ratios of air supplied and synthesis gas was con-
stantly monitored. As a result, a stable operation of the gas generator was achieved. The composition and 
volume fractions of gas obtained in a steady mode of operation are presented in Table 3. 

T a b l e  3  

The composition and volume fraction of the gas mixture  
obtained by the plasma-chemical method from cattle manure 

No. Gas components 
Processing time, min 
3 15 
gas composition, % 

1 H2 25.04 31.62 
2 O2 0.18 0.74 
3 CO 35.69 37.28 
4 CO2 1.23 11.75 
5 N2 5.99 4.91 

 
The gas mixture obtained processing of 15 minutes contained 31.6 hydrogen and 37.28 carbon monox-

ide (1: 1 ratio). During this time, the ratio of consumed and obtained synthesis gas amounted to 1:30. The 
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amount of both consumed and released gas was measured by gas meters. The released synthesis gas was 
burned with an tranquil flame and had a good caloric effect (burning temperature in air 2500 K). 

The synthesis gas was pumped out by a pump-compressor. The compressor pumps synthesis gas into 
the tank-gasholder (2000 L) until pressure reaches 8 atmospheres. The pressure in the gas-holders is con-
trolled by gas manometers; the gas tanks are equipped with gas reducers and gas cranes. The quality of the 
synthesis gas was checked using an electric generator, which operated in the gas fuel mode. After filling the 
gasholders, the synthesis gas was supplied to the gas generator «Interskol EBG-5500» to generate electrical 
energy. It worked steadily for 1 hour, with a load capacity of 2 kilowatts. 

As a result, a method for producing synthesis gas from agricultural waste was proposed with the help of 
processing cattle manure by a plasma chemical method. It has been experimentally shown that plasma-
chemical processing of hydrocarbon and agricultural wastes is a highly efficient method for producing syn-
thesis gas, which will be used as a fuel for heating and producing electricity at a gas power station. The de-
veloped plasma-chemical set allows processing not only agricultural waste, but also any waste containing 
organic components. 

Advantages of the technology are follows: 
− there are no polluting emissions compared with direct combustion methods; 
− high velocity gasification and the availability of liquefied gas and electricity at power stations; 
− utilization of hydrocarbon waste and production of fertilizer from agricultural waste. 
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Плазмахимиялық əдіспен ауылшаруашылық қалдықтарынан синтез-газ алу 

Ауылшаруашылық қалдықтарын толықтай ыдырату арқылы синтез-газ ала отырып, жоюдың 
перспективті əдісі жоғарытемпературалы плазмохимиялық əсерге негізделген технология болып та-
былады. Синтез-газды алу үшін реакторға сиырдың көңі мен су қоспасының эмульсиясы салынды. 
Эмульсияға екі мың градус температурамен əсер етілді. Алынған синтез-газдың химиялық сипаты 
жоғары болды: газ таза, шаңсыз, құрамында СО2 аз, ал сутегі мен СО мөлшері жоғары сəйкесінше 
31,62 % жəне 37,28 %. Синтез-газды өндіруді жəне оның құрамын жақсарту үшін плазмахимиялық 
реакторға əртүрлі режимдерде сынақ жүргізілді. Электргенераторындағы кернеудің тұрақтылығы 
түрлі жүктемелерде бақыланды. Нəтижесінде газ генераторының тұрақты жұмысына қолжеткізілді. 
Зерттеу жұмысының нəтижесі бойынша көмірсутек пен ауылшаруашылық қалдықтарын 
плазмахимиялық өңдеу синтез-газ алудың жоғары əрі тиімді əдісі болып табылады. 
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Получение синтез-газа из сельскохозяйственных отходов  
плазмохимическим методом 

Перспективной технологией утилизации сельскохозяйственных отходов является плазмохимическая 
технология, основанная на высокотемпературном плазмохимическом воздействии и полном разложе-
нии углеводородных продуктов с получением синтез-газа. Для получения синтез-газа в реактор пода-
вали эмульгированную смесь коровьего навоза и воды. На поступающую эмульсию воздействовали 
пламенем газовой горелки с температурой горения до двух тысяч градусов. Регулярно проводили ис-
пытания плазмохимического реактора в разных режимах для поиска лучшего режима производства 
синтез-газа и его состава. Проводился контроль стабильности напряжения тока на выходе электроге-
нератора при различных нагрузках. В результате был достигнут устойчивый режим работы газогене-
ратора. Химические характеристики полученного синтез-газа оказались высокими: газ чистый и без 
пыли, содержание СО2 — низкое, а водорода и СО — высокое, а именно 31, 62 % и 37,28 % соответ-
ственно. Качество газа проверялось при визуальном наблюдении за пламенем горелки и температурой 
горящего газа с помощью инфракрасного пирометра. Устойчивость пламени и стабильность темпера-
туры горения характеризуют качество синтез-газа. Таким образом, экспериментально показано, что 
плазмохимическая обработка углеводородных и сельскохозяйственных отходов является высокоэф-
фективным методом получения синтез-газа. 

Ключевые слова: плазмохимия, синтез-газ, водород, монооксид углерода, сельскохозяйственные отхо-
ды, переработка. 
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Application of technology of problem-based learning in the discipline  
«Methodology of carrying out school chemical experiment» 

The article presents the results of an experiment on the application of problem-based learning technology in 
teaching chemistry. Problem learning is aimed at the independent search for new knowledge and ways of ac-
tion, and also involves a consistent and purposeful promotion of cognitive problems, through the resolution of 
which students actively learn new knowledge. Technology of problem-based learning was used in the disci-
pline «Methodology of carrying out of school chemical experiment» with the students of the third course. 
Two demonstration experiences in chemistry were chosen as problem situations in our case. Updating of 
knowledge was carried out before the experiment. Then there was the creation of a problem situation and the 
formulation of the problem. The chemical experiment was shown by a teacher. The situations were consid-
ered by students. Then conclusions were drawn. The questionnaire of A.A. Rean and V.A. Yakunin was used 
for diagnostics of educational motivation of students. Knowledge of problem situations was tested with the 
test method before and after the experiment. To identify opinions of students on the technology of problem-
based learning the individual interviews were conducted. As a result of application of technology of problem-
based learning cognitive and research interest, search features and abilities were created, opportunities for co-
operation of the teacher with students were opened that promoted deeper and strong assimilation of material. 
Despite the disadvantages of problem learning, including high time costs, the presence of the necessary 
«starting» level of knowledge of students, today the idea of problem learning has been successfully imple-
mented in the systems of developmental education. 

Keywords: problem-based learning, problem situations, new technologies of teaching chemistry, chemical 
experiment, methods of teaching chemistry. 

 

Introduction 

Currently, problem learning is widely used in many disciplines, as one of the techniques of modern 
learning technologies [1–3]. It involves the creation of teacher-led problem situations and active independent 
activity of students to resolve them. This type of training is aimed at independent search of students for new 
concepts and methods of action. The main purpose of the technology of problem learning is the development 
of thinking and abilities of students, the assimilation of their knowledge and skills obtained in the active 
search and independent problem solving. As a result, such knowledge is stronger than traditional training. In 
the learning process, students are put forward cognitive problems, the resolution of which (under guidance of 
a teacher) leads to the active assimilation of new knowledge. Problem learning provides a special way of 
thinking, strength of knowledge and their creative application in practice. 
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It is possible to create problem situations and solve them with the help of various methods, with the in-
volvement of visual and technical means of training, as well as with the appliction of chemical experiment 
[4, 5]. For example, in the production of demonstration and laboratory experiments, the results of which stu-
dents cannot explain using their knowledge, because these results usually contain new information, which 
requires new knowledge to understand. Such experiments are carried out before the study of a new topic or a 
separate issue, as well as before the generalization of all the material. First, students simply observe the phe-
nomena, and then, when a problem arises, consider their essence deeply and comprehensively. Demonstra-
tion and laboratory experiments in the process of problem training can serve as a material for creating prob-
lem situations, and used to solve them. 

Chemical experiment is a source of knowledge, promotion and testing of hypotheses, a means of secur-
ing knowledge and control. Through laboratory and demonstration experiments, the teacher creates certain 
organizational conditions for the activation of mental activity of students, stimulating the search for missing 
knowledge to resolve cognitive contradictions. 

Experimental 

Pedagogical experiment was conducted in the classes on the discipline «Methodology of carrying out of 
school chemical experiment» among third-year students. The experiment involved 8 students (female), who 
are trained in the specialty «chemistry-education» and are future teachers. They can apply the acquired 
knowledge in their future professional activity. During the class, students worked in groups. 

Diagnostics of educational motivation of the respondents (before and after experiment) was carried out 
according to the method of A.A. Rean and V.A. Yakunin [6]. 

Knowledge of students about problem situations was evaluated by testing. The test consisted of 30 
questions on the following topics, namely properties of nonmetal oxides, bases, acids, salts; electrolytic dis-
sociation; monobasic carboxylic acids; double bond; chemical properties of ethylene. Testing was conducted 
twice, namely before the experiment (pre-test) and after the experiment (post-test). 

We conducted an individual interview after the experiment in order to identify the views of students 
about the problem-based learning. 

Two demonstration experiences were selected to create a problem situation. Depending on the level of 
training of students problem situations are analyzed by students under the guidance of a teacher or inde-
pendently. Then students find ways to solve the problem and draw conclusions. 

Demonstration experiment No. 1 
Preparation of carbon dioxide and testing its properties 
Purpose: Show the dependence of the properties of carbon dioxide on its composition and structure. 
Reagents and equipment: Pieces of marble or limestone, solutions of hydrochloric acid and universal 

indicator, lime or barite water, highly diluted sodium hydroxide solution; gas discharge tube for carbon diox-
ide, laboratory tripod, test tubes. 

Updating of existing knowledge: Students know the general properties of non-metal oxides. They also 
understand the properties of bases, acids and salts from the point of view of the theory of electrolytic dissoci-
ation. During the introductory conversation, they restore the properties of these substances in memory. 

The creation of problem situation and statement of the problem: The composition of carbon dioxide re-
fers to non-metal oxides. Considering the electronic formula of carbon dioxide, the saturation of carbon 
bonds with oxygen and their strength (covalent nonpolar bonds) are noted. Hence, carbon dioxide is a com-
pound in which there was a complete oxidation of the carbon atom. This gives you the opportunity to claim 
that the carbon dioxide is able to demonstrate general properties of non-metals oxides. The problem is to test 
experimentally whether carbon dioxide will interact with water and alkalis. 

The nomination of hypothesis: Students assume that carbon dioxide exhibits chemical properties similar 
to the general properties of non-metal oxides. 

The solution to the problem and conclusions: The experiments were demonstrated by a teacher, or they 
were performed by students. 

1. Pieces of marble or limestone are lowered into the carbon dioxide device and a solution of hydro-
chloric acid (1:4) is added. There is a release of gas bubbles-carbon dioxide. 

2. Carbon dioxide is passed into the test tube with water colored with a solution of the universal indica-
tor. There is a change in the color of the indicator. 
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3. Carbon dioxide is passed firstly in a test tube with lime water, and then in a test tube with a highly di-
luted solution of sodium hydroxide, which wetted with a universal indicator. In the first test tube there is tur-
bidity of the solution, in the second is discoloration. 

Students explain the nature of the observed experiments, make the reaction equations and come to the 
conclusion that carbon dioxide exhibits the general properties of nonmetal oxides and get it as well as most 
gaseous oxides. 

Demonstration experiment No. 2 
The ratio of oleic acid to bromine water and potassium permanganate solution 
Purpose: To show the dependence of unsaturated properties of oleic acid on its composition and struc-

ture. 
Reagents and equipment: Oleic acid, bromine water, potassium permanganate solution, test tubes. 
Updating of existing knowledge: Students revise in memory the structure of the double bond, its charac-

teristics and chemical properties of ethylene and its homologues. They also recall the chemical properties of 
monobasic carboxylic acids. 

The creation of problem situation and statement of the problem: According to the molecular formula of 
oleic acid С18Н34О2 students make its structural formula and determine the structure, note the presence in the 
oleic acid molecule of one double bond and one functional carboxyl group. Students characterize this acid as 
a substance exhibiting the properties of carboxylic acids and unsaturated compounds. They suggest the prop-
erties of oleic acid due to double bond. The problem is posed: to test experimentally the possibility of inter-
action of oleic acid with bromine water and potassium permanganate solution. 

The nomination of hypothesis: Students assume that oleic acid exhibits properties similar to ethylene 
due to the presence of a double bond in molecule of the oleic acid. 

The solution to the problem and conclusions: The experiments were demonstrated by a teacher, or they 
were performed by students. 

1. 2 cm3 of oleic acid and bromine water is poured into a test tube. The tube is closed with a stopper and 
is shaken. There is discoloration of bromine water. 

2. 2 cm3 of oleic acid and potassium permanganate solution is poured into a test tube. The tube is closed 
with a stopper and also is shaken. There is discoloration of potassium permanganate solution. 

Students write the reaction equations, explain the essence of the experiments and come to the conclu-
sion that oleic acid along with the properties of carboxylic acids also shows the properties of unsaturated 
compounds, which indicates its dual nature. 

Results and Discussion 

Questionnaire consisted of 34 questions [6]. Students evaluated on a 5-point system given the motives 
of educational activity on the importance for them: 1 point corresponds to the minimum significance of the 
motive, 5 points — the maximum. 

Scale 1. Communicative motives — 7, 10, 14, 32 questions; 
Scale 2. Avoiding Motives — 6, 12, 13, 15, 19 questions; 
Scale 3. Prestige motives — 8, 9, 29, 30, 34 questions; 
Scale 4. Professional motives — 1, 2, 3, 4, 5, 26 questions; 
Scale 5. Motives of creative self-realization — 27, 28 questions; 
Scale 6. Educational and cognitive motives — 17, 18, 20, 21, 22, 23, 24 questions; 
Scale 7. Social motives — 11, 16, 25, 31, 33 questions. 
When processing the test results, the average for each scale of the questionnaire was calculated. 
Diagnostics of educational motivation of students according the questionnaire of A.A. Rean and 

V.A. Yakunin showed the increase of communicative, professional, educational and cognitive motives (Ta-
ble 1). 

The results of students on the scales of motives of avoiding and prestige remained unchanged. This 
shows that before and after the study, the desire of students to keep up with fellow students, to be among the 
best students and to get approval from parents and others remains at the same level (not changed). 
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T a b l e  3  

Analysis of student interviews about the applicability of PBL 

Category Answers of students 
Number  

of students 

Learning skills 
PBL encouraged us to do individual investigations 7 
I challenged my phobia of public speaking 4 
We built intragroup and intergroup communication skills and to make presentations 6 

Life skills 

There was a good communication in our group 5 
Acquired knowledge helped to improve more communication skills 7 
PBL helped students to improve their self-confidence 6 
Group works contributed to the interaction and increased our motivation to learn 
chemistry 

6 

Presentations increased our self-confidence and self-expression 5 
PBL was related to effective use of time 5 

Cognitive skills 
Problem scenarios were interesting. Therefore, working on it was also interesting 7 
The scenarios had a positive effect on the our curiosity 6 

Shortcomings 
Weak interactions between some students 2 
Treating the passive group members equally with the others 2 

 

Conclusions 

The use of problem-based learning technology in chemistry teaching increases interest of students in the 
search for new knowledge, provides a special type of thinking, the strength of knowledge acquisition and 
their creative application in practice. As a result, the students formed the motivation to succeed, develop 
mental abilities. Diagnostics of educational motivation showed that students increased cognitive and research 
interest, search features and skills. They became more open to creative cooperation. Testing for knowledge 
of problem situations showed an increase in the level of knowledge. 

However, the technology of problem-based learning, like other technologies, has positive and negative 
sides. Interviews revealed advantages and disadvantages of the application of problem-based learning. Along 
with increasing communication skills and research interest, there is a weak control of cognitive activity of 
students. The technology of problem-based learning requires a lot of time to prepare for the lesson, the nec-
essary starting level of students, and the creative approach of the teacher. Despite the identified shortcom-
ings, nowadays, problem-based learning is the most promising, compared with traditional methods of train-
ing, and can be successfully used in teaching chemistry. 
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С.Б. Абеуова, Д.Д. Наушабекова, Д.М. Муслимова,  
Э.Б. Абеуова, Э.К. Тусупбекова, А.Т. Дюсекеева 

Проблемалық оқыту технологиясын «Мектепте химиялық экспериментті 
жүргізу əдістемесі» пəні сабақтарында қолдану 

Мақалада химия сабақтарында проблемалық оқыту технологиясын қолдану бойынша эксперимент 
нəтижелері келтірілген. Проблемалық оқыту жаңа білім мен іс-қимыл тəсілдерін өз бетімен 
іздестіруге бағытталған оқыту болып табылады, сондай-ақ мұғалімнің жетекшілігімен жаңа білімдерді 
белсенді түрде игеріп жатқан студенттерге когнитивті проблемаларды дəйекті жəне мақсатты түрде 
алға қоюларын көздейді. Проблемалық оқыту технологиясы үшінші курс студенттеріне «Мектепте 
химиялық эксперименті жүргізу əдістемесі» пəнін жүргізу барысында қолданылды. Химиядан 
проблемалық жағдай ретінде екі көрнекілік тəжірибе таңдалды. Тəжірибе алдында білім 
өзектендірілді. Содан кейін проблемалық жағдайды жасау жəне мəселені тұжырымдау қажет. Мұғалім 
химиялық тəжірибені көрсетеді. Студенттер жағдайды саралап, қорытынды жасайды. Студенттердің 
оқуға деген ынтасын тексеру мақсатында А.А. Реан жəне В.А. Якунин сауалнамасы қолданылды, 
проблемалық жағдайларды анықтай білуі тест əдісі арқылы тəжірибе алдында жəне тəжірибеден кейін 
алынып, бағаланды. Студенттердің проблемалық оқыту технологиясы бойынша пікірлерін анықтау 
үшін жеке сұхбат жүргізілді. Проблемалық оқыту технологияларын қолдану нəтижесінде 
студенттердің когнитивтік жəне зерттеу қызығушылықтары пайда болды, іздеу ерекшеліктері мен 
дағдылары артты, сонымен қатар материалды тереңірек, əрі берік ұғынуына ықпал ететін, мұғалім мен 
студенттердің арасындағы ынтымақтастық қарым-қатынастың пайда болуына жол ашты. 
Проблемалық оқытудағы студенттердің қажетті «бастапқы» білімінің болуы, көп уақытты қажет ету 
сияқты кемшіліктерге қарамастан, қазіргі таңда проблемалық оқыту идеялары жаңартылған білім беру 
жүйесінде ойдағыдай іске асырылуда. 

Кілт сөздер: проблемалық оқыту, проблемалық жағдайлар, білім берудің жаңа технологиялары, 
химиялық эксперимент, химияны оқыту əдістемесі. 
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Применение технологии проблемного обучения на занятиях по дисциплине 
«Методика проведения школьного химического эксперимента» 

В статье приводятся результаты эксперимента по применению технологии проблемного обучения на 
занятиях по химии. Проблемное обучение направлено на самостоятельный поиск новых знаний и спо-
собов действия, а также предполагает последовательное и целенаправленное выдвижение познава-
тельных проблем, посредством разрешения которых студенты активно усваивают новые знания. Тех-
нология проблемного обучения применялась на занятиях по дисциплине «Методика проведения 
школьного химического эксперимента» с учащимися третьего курса. В качестве проблемных ситуа-
ций в нашем случае были выбраны два демонстрационных опыта по химии. Перед проведением экс-
перимента проводилась актуализация знаний. Затем идет создание проблемной ситуации и формули-
ровка проблемы. Далее преподаватель показывает химический эксперимент. Учащиеся обдумывают 
ситуации, делают выводы. Для диагностики учебной мотивации студентов использовался опросник 
А.А. Реана и В.А. Якунина, знание проблемных ситуаций оценивалось методом тестирования до и по-
сле эксперимента. Для выявления мнения студентов о технологии проблемного обучения проводилось 
индивидуальное интервью. В результате применения технологии проблемного обучения у учащихся 
сформировался познавательный и научно-исследовательский интерес, поисковые особенности и уме-
ния, открылись возможности для сотрудничества преподавателя с учащимися, что способствует более 
глубокому и прочному усвоению материала. Несмотря на минусы проблемного обучения, среди кото-
рых большие временные затраты, наличие необходимого «стартового» уровня знаний обучающихся, 
идеи проблемного обучения на сегодняшний день успешно реализуются в системах развивающего 
обучения. 

Ключевые слова: проблемное обучение, проблемные ситуации, новые технологии обучения, химиче-
ский эксперимент, методика преподавания химии. 
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Institute of Organic Synthesis and Coal Chemistry:  
the present state and development prospects 

The article is an overview of the research carried out in the LLP «Institute of Organic Synthesis and Coal 
Chemistry of RK» in recent years. The application of methods of ultrasonic and microwave chemistry to the 
processes of oxidation and oxidative modification of coal, activation of the processes of immobilization of 
humic acids and their derivatives on the surface of burnt rocks, as well as the effect of carbon nanotubes on 
the processes of obtaining humic-mineral compositions were studied. The properties of new activated forms 
of humic sorbents were studied and tested as sorbents for wastewater treatment. Composite catalysts based on 
compounds of VIII (Fe, Ni, Co, Mo) group metals were obtained and their activity was studied in the process 
of hydrogenation of anthracene and phenanthrene. The optimal parameters of cavitation treatment of fuel oil 
fractions in the presence of synthesized composite catalysts based on water-soluble metal salts deposited on 
zeolites and carbon sorbents were determined. Based on aniline-formaldehyde polymer and its mixed compo-
sitions with melamine-formaldehyde polymer and polyaniline, new metal-polymer composites with 
electrocatalytic properties were obtained. Their structure and morphological features were studied by IR spec-
troscopy, X-ray phase analysis, atomic emission spectroscopy and electron microscopy. Electrocatalytic ac-
tivity was investigated in the processes of electrohydrogenation of organic compounds. New derivatives of 4-
amino-1,2,4-triazole, thiosemicarbazides N-morpholinyl acetic and N-anabasinyl acetic acids were synthe-
sized, their structure, biological activity, reaction mechanisms were studied and optimal conditions for their 
synthesis were proposed. 

Keywords: humic acid, burnt rock, multi-walled carbon nanotubes, humic-mineral composites, composite 
catalysts, anthracene, phenanthrene, fuel oil, hydrogenation, polymer-metal composites, aniline and mela-
mine-formaldehyde polymers, polyaniline, electrocatalytic properties, 4-amino-1,2,4-triazole derivatives, 
fulleropyrrolidines, bioactivity. 

 
In 2018, the Institute of Organic Synthesis and Coal Chemistry celebrated its 35th anniversary, the crea-

tion of which was associated with the need to expand and deepen basic and applied research in Central Ka-
zakhstan, since the billions reserves of low-energy coals from Shubarkul, Maikubensky and other deposits 
that are here, also the industrial enterprises of the Karagandaugol and Carbid factories, the coke-chemical 
production of the Karaganda Metallurgical Plant represented a unique basis for the development of industrial 
organic synthesis and chemistry of coal. The Institute has carried out a large amount of research, the results 
of which are published in numerous monographs and rating journals. This article presents the most important 
results of the last time. 

In the field of modification of low-energy coals, the processes of oxidation, oxidative amination, nitra-
tion and sulfonation of selected black and brown coals of Kazakhstan were carried out under conditions of 
ultrasonic and microwave activation. Oxidized coals of the Shubarkol deposit and brown coals of the 
Kuznetsky and Oi-Karagaysky (Almaty region) deposits were used. 
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Physical methods using ultrasonic processing (USP) and microwave radiation (MWR), which were first 
used to intensify the reactions of obtaining a number of coal-chemical products and carrying out chemical 
modification of coal, are among the poorly studied and promising methods for the intensification of techno-
logical processes for the production of humic substances and their compositions. Elucidation of the types of 
reactions under the influence of ultrasound and microwaves, as well as the prospects for their use, is an im-
portant task. 

Studies have shown that ultrasound contributes to the accumulation of new acid groups in the coal 
composition and to an increase in the yield of humic acids from the products of sonolysis. Oxidation pro-
cesses in coals under the action of ultrasound occur at moderate temperatures for a short time (5–30 minutes) 
and depend on the nature of the coals. According to the susceptibility of the energy of ultrasound, the coals 
are arranged in the following row: Oi-Karagai ≥ Shubarkol > Kuznetsky. The effect of various oxidative ad-
ditives (hydrogen peroxide, nitric acid and sulfuric acid) with modifying ability on the oxidation of coal has 
been studied. The possibility of introducing nitrogen, sulfur in the form of amino-, amido-, nitro- and sulfo-
groups, which increase the sorption characteristics of the oxidation products obtained, was proved by the 
methods of functional analysis and data of the elemental composition [1]. 

According to the study of sorption and other characteristics of sorbents and comparison with conven-
tional methods for their preparation, the high efficiency of using physical methods of exposure to obtain new 
humic compositions was noted, including by introducing them into a nonorganic matrix based on burnt rocks 
that are waste coal mining. 

Studies on the activating effect of ultrasound and microwaves on the immobilization of humic acids and 
their derivatives on the surface of the burnt rock showed that immobilization in USP and MVR conditions 
showed the promise of using porous aluminosilicate rocks as available and effective sorption-filtration mate-
rials. However, to solve the problem of chemical resistance and mechanical strength of humic mineral 
sorbents, the use of «Taunit» multi-walled carbon nanotubes (MWCNTs) (produced by LLC Nanotechtsentr, 
Tambov, Russia) allowed. 

According to the electron microscopic analysis, the MWCNTs are filamentous formations of polycrys-
talline graphite, which are predominantly cylindrical. The outer diameter is 20–70 nm, the inner diameter is 
5–10 nm. The length is several orders of magnitude greater than the diameter and is 3–10 microns. Modifica-
tion of the side and end sections of the MWCNTs is often a necessary manipulation when creating materials 
with improved surface and bulk properties. 

Oxidation is the most common method of chemical modification of carbon nanotubes. A mixture of 
concentrated nitric and sulfuric acids, potassium permanganate, a mixture of ammonia and hydrogen perox-
ide solutions was used as oxidizing agents. The yield of products using a mixture of concentrated acids was 
50–60 %. The highest yield of products (92–95 %) was obtained when potassium permanganate was used as 
an oxidizing agent. For the first time, the processes of immobilization of humic acid and multi-walled carbon 
nanotubes on the surface of burned rocks (BR) have been carried out by ultrasonic and microwave activation. 

Ultrasonic dispersion and microwave irradiation of components were also used to create humino-
mineral compositions modified with carbon nanotubes [2]. For the immobilization processes being devel-
oped, an ultrasonic disperser of the IL-100-6/2 brand with an operating frequency of 22 kHz was used. Modi-
fication of humic acid with MWCNTs was performed by ultrasonic homogenization of humic acid with 
MWCNTs. During the study, the influence of various factors (the ratio of initial reagents, the duration of the 
USP) was investigated. The largest amount of acid groups (4.26 mmol-eq/g) is contained in the sample, 
which was irradiated with ultrasound for 10 minutes. The product yield was 60–68 %. It was established that 
the most homogeneous structure, according to microscopic analysis, was achieved with the ratio 
BR:HA:MWCNT = 50:20:1 and 50:10:1. The yield of products was 94–97 %. The number of acidic groups 
in the samples is in the range of 2.07–2.38 mmol-eq/g, the largest number of them is contained in humic-
mineral composites with activated forms of carbon nanotubes obtained by USP for 10 minutes [3]. 

The effect of microwave radiation on the immobilization process was carried out in aqueous suspen-
sions at a ratio of the initial components of the BR:HA:MWCNT = 50:20:1 and 50:10:1. The influence of the 
ratio of the initial components, the duration of MWR-effects and the nature of the modifier on the processes 
of obtaining humic-mineral nanocomposites has been studied. The number of acidic groups in the samples is 
in the range of 1.97–2.19 mmol-eq/g [4]. 

The laboratory tests of humic-mineral nanocomposites during the purification of industrial wastewater 
from the processing plant Priozersk indicate that humic-mineral sorbents (including those obtained under 
UZO and MVI conditions) containing nanotubes are highly competitive on the sorption activity with 
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nanohumic composites. In particular, BR + GA + MWCNT composites purify sewage from the main com-
ponents: aluminum (by 99.93 %), iron (by 98.02 %), manganese (by 60.58 %), lead (by 97.35 %), strontium 
(by 67.37 %) and zinc (by 97.98 %). The efficiency of using humic-mineral sorbents containing multi-walled 
carbon nanotubes as sorbents for wastewater treatment at enterprises has been proven [5, 6]. 

Thus, for the first time, the high efficiency of ultrasonic treatment on the process of obtaining humic-
mineral compositions has been established, and the use of microwave radiation reduces the time of the syn-
thesis process. The composition and structure of humic-mineral samples activated by MWCNTs under con-
ditions of ultrasonic and microwave radiation has been proved by modern physicochemical methods. It has 
been shown that humic-mineral composites modified by multi-walled carbon nanotubes can be used as 
sorbents for wastewater purification. 

As a result of the research work, a pilot setup was manufactured for testing the developed technologies 
of humic-mineral sorbents under experimental conditions and the optimization of the technological mode of 
their production. A draft technical specification for the design of the plant has been drawn up. The calcula-
tion of the equipment was done. Two chemical reactors have been manufactured for carrying out processes 
for the preparation of sorbents [7]. 

Products of modification of coal and coal waste with various chemical compounds and their applica-
tions as sorbents for wastewater treatment, restoration of fertility of depleted and man-made soils, and im-
proving the soil structure are new and have no domestic and foreign analogues. The novelty is confirmed by 
the patent of the Republic of Kazakhstan [8]. 

In the field of hydrogenation of heavy hydrocarbon raw materials, studies were carried out to obtain 
composite catalysts based on compounds of VIII Group metals (Fe, Ni, Co, Mo), and their activity was stud-
ied in the process of hydrogenation of polyaromatic compounds. The optimal parameters of cavitation treat-
ment of heavy hydrocarbon feedstock (fuel oil) in the presence of these composite catalysts based on water-
soluble salts of iron, nickel, cobalt, and molybdenum deposited on zeolites and coal sorbent were deter-
mined. 

It has been established that the highly dispersed distribution of the compounds of these metals by the 
impregnation of active carbon with solutions of their salts and their complex compounds leads to the conver-
sion of metal compounds deposited on the surface of the coal into an oxide form. So it was shown that the 
impregnation of iron, nickel and cobalt sulfates on a carbon sorbent results in highly dispersed metal-sulfate 
catalysts on a carbon carrier (FeSO4·7Н2О/С, NiSO4·7Н2О/С, binary FeSO4·7Н2О — СoSO4·7Н2О/С) with 
a content of active ingredient of 5 % (for metal). High-dispersion catalysts based on iron, nickel and cobalt 
oxides on a carbon substrate Fe2O3/C, NiO/C, binary catalyst Fe2O3–CoO/C were synthesized by a thermal 
modification of the corresponding metal sulfates [9]. 

The catalytic properties of the synthesized catalysts in the hydrogenation reactions of model polycyclic 
hydrocarbons — anthracene and phenanthrene — have been studied [10]. 

In a comparative analysis of the catalytic activity of the obtained composite catalysts with a known 
iron-chromium catalyst (STK-1), it was found that under the same conditions, Fe2O3 and Fe2O3/C catalysts 
give the composition of the reaction products with different ratio of components. It should be noted that, in 
terms of the active component of the catalysts, iron, the content of the latter in Fe2O3/C is 14 times lower 
than in Fe2O3. It was revealed that the replacement of nickel-sulfate by nickel-oxide catalyst leads to a more 
noticeable increase in the products of hydrogenolysis than on iron-containing analogues, while the content of 
hydrogenated components in the process of hydrogenation decreases. The composition of gaseous products 
of anthracene hydrogenation on the catalyst, including methane, ethane and propane, was established by gas-
liquid chromatography (GLC). The product of isomerization of anthracene (phenanthrene) on nickel catalysts 
is formed in larger quantities than on iron ones. 

It was established that as a result of the anthracene hydrogenation reaction, two groups of compounds 
are formed: hydrogenated and hydrogenolysis products. In this case, the transition of the linear form of 
anthracene to angular phenanthrene and its transformation products is observed [11]. 

The reaction proceeds according to the scheme: 
 

  
I II III IV 

аnthracenе dihydroanthracene tetrahydroanthracene octahydroanthracene 
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V VI VII VIII IX 
1-methyl-naphthalene 1-ethyl-naphthalene 2,3-dimethyl-naphthalene 2-ethyl-naphthalene 2-buthyl-naphthalene 

 

     

X XI XII XIII XIV XV 
1-methyl-2-

phenylmethyl- 
benzene 

2- methyl-1,1'- 
diphenyl 

2-ethyl-1,1'-
diphenyl 

2,2'-dimethyl- 
1,1'-diphenyl 

anthracene phenanthrene 

 
As a result, two groups of compounds were obtained: hydrogenated II–IV, which include 9,10-dihydro-

anthracene, 1,2,3,4-tetrahydroanthracene and 1,2,3,4,5,6,7,8-octahydroanthracene, and V–XV hydrogenoly-
sis products: 1-methyl-naphthalene, 1-ethyl naphthalene, 2,3-dimethylnaphthalene, 2-ethylnaphthalene, 
2-butylnaphthalene, 1-methyl-2-phenylmethylbenzene, 2-methyl-1,1'-diphenyl, 2,2'-dimethyl-1,1'-diphenyl 
and 2-ethyl-1,1'-diphenyl. Compounds V, VI, XI–XIII do not belong to the products of destruction of 
anthracene or its hydro-derivatives. The presence in the reaction mixture of 1-methyl-naphthalene V, 
1-ethylnaphthalene VI, 2-methyl-1,1'-diphenyl XI, 2-ethyl-1,1'-diphenyl XII and 2,2'-dimethyl-1,1'-diphenyl 
XIII can be explained by the result of the destruction of phenanthrene or its hydrogenated derivatives — di- 
and tetrahydrophenanthrene. In this case, there is a transition of the linear form of anthracene to angular 
phenanthrene and the products of its transformation: 
 

    

phenanthrene 9,10-dihydro-
phenanthrene 

2-methyl-1,1'- 
diphenyl 

2-ethyl-1,1'- 
diphenyl 

2,2'-dimethyl- 
1,1'-diphenyl 

 

 

1,2,3,4-tetrahydrophenanthrene 1-ethyl-naphthalene 
 

The use of zeolite as a carrier was associated with their geometry, porous structure, frame chemistry, 
and the nature of extra-frame structures. The presence of a large group of microporous crystalline 
aluminosilicates, the three-dimensional framework of which is permeated with cavities and channels of 
nanometric dimensions, creates a unique opportunity to modify catalysts. Impregnation of zeolites with 
aqueous solutions of metal salts, the cations of which are required to be introduced into the zeolite, is the 
most common method of modifying zeolites. 

In order to study the activity of the synthesized iron-containing composite catalysts supported on zeo-
lite, hydrogenation of polyaromatic compounds was carried out. 

During the research the following results were obtained: 
– by an impregnation of iron, nickel and cobalt sulfate on zeolite, the highly dispersed metal-sulfate 

catalysts based on synthetic zeolites CaA and ZSM were prepared: FeSO4·7H2O/CaA (FeSO4·7H2O/ZSM), 
NiSO4·7H2O/CaA (NiSO4·7H2O/ZSM), binary FeSO4·7Н2О – СоSO4·7Н2О/СаА (FeSO4·7Н2О – 
СоSO4·7Н2О/ZSM) with the content of the active component 5 % (by metal). By a thermal modification of 
iron, cobalt and nickel sulfates supported on a carrier (zeolite), the composite catalysts based on iron, nickel 
and cobalt oxides on a CaA and ZSM zeolite substrate were synthesized: Fe2O3/CaA (Fe2O3/ZSM), NiO/CaA 
(NiO/ZSM), binary catalyst Fe2O3 – CoO/CaA (Fe2O3 – CoO/ZSM) [12]. 

– the catalytic activity of synthesized catalysts was investigated in the reactions of hydrogenation of 
anthracene. The chromatographic mass-spectroscopy (CMS) and GLC analysis established the component 
composition of the hydrogenation products. A method for analyzing the products of anthracene hydrogena-
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tion was developed for GLC. The method used a database of component composition, created on the basis of 
the results of the analysis of standard samples and CMS analysis of reaction products [13]. 

– it was established that under the same conditions, the synthesis of catalysts Fe2O3/CaA and CoO/CaA 
give the composition of the reaction products of different component ratios. So, with a slight difference in 
the degree of conversion of anthracene — 95.02 % for Fe2O3/CaA and 97.38 % for CoO/CaA, the difference 
in the content of the products of hydrogenolysis and hydrogenation is more noticeable. In the process of hy-
drogenation in the presence of Fe-Co/CaA catalyst, hydrogenation products amounted to > 80 %, cleavage 
products < 10 % [11]. 

– it was found that the replacement of a cobalt sulfate by a cobalt oxide catalyst leads to a more notice-
able increase in the products of hydrogenolysis, in comparison with nickel and iron based analogues  
(14.12–23.62 % for Ni and 9.01–12.96 % for Fe). At the same time, the content of hydrogenated components 
decreases (77.67–63.81 % for Ni and 84.95–77.49 % for Fe) [14]. 

Thus, the synthesized binary catalysts based on compounds of VIII group metals deposited on a coal 
sorbent and zeolite demonstrate high activity in the process of hydrogenation of model compounds. 

In the process of fuel oil hydrogenation, it was established that the conversion and the quantitative 
composition of the products formed are different and depend on the activity and selectivity of the catalysts, 
which, in turn, are associated with the surface, dimensionality and porous structure. The use of iron-
containing composite catalysts makes it possible not only to increase the conversion of hydrocarbon deriva-
tives, but also to improve the quality of the products obtained, in particular, alkanes of iso-construction with 
a lower molecular weight (2-methylpentane, 2-methylpentene, etc.) [15]. 

It was noted a rather significant increase in the content of paraffinic hydrocarbons and a decrease in ar-
omatic, polyaromatic, oxygen-containing hydrocarbons. In the cavitation treatment of the fuel oil fraction in 
the presence of the composite catalysts Fe2O3/C, Fe2O3/ZSM and Fe2O3/CaA, the content of paraffins with a 
longer C15-C19 chain increases. This is due to the fact that during cavitation treatment in the presence of 
Fe2O3/ZSM, Fe2O3/CaA, Fe2O3/C catalysts, two coupled processes occur in the mixture — destruction and 
condensation, however, the destruction of paraffins prevails over condensation processes [16]. 

Optimal conditions and a number of factors influencing the cavitation treatment of the fuel oil fraction 
in the presence of the Fe2O3/C catalyst are determined. In accordance with the regression equation obtained, 
the optimal conditions for cavitation treatment are as follows: τ = 90–120 s, the amount of added catalyst is 
0.7–1 g and the amount of added water is 1.5–2 ml [17]. 

Thus, by quantifying the individual composition of the fuel oil fraction, the positive effect of the cata-
lytic-cavitation treatment in the presence of the studied catalysts was established. According to the hydrocar-
bon conversion, the catalytic systems are arranged in the following order: Fe2O3/C > Fe2O3/CaA > 
Fe2O3/ZSM. 

In the field of electrocatalysis of organic compounds, by a combined chemical and electrochemical 
method, new polymer-metal catalytic systems were created with the study of their activity in the 
electrohydrogenation of organic compounds [18–26]. 

The synthesis of metal-polymer composites based on conductive polyaniline (PAni) polymer with im-
mobilized metal salts (Ni, Co, Cu, Pd, Zn, Ag, Fe), metal oxides (CuO, FeO) without and with further chem-
ical and electrochemical reduction of their cations were carried out [18–23]. The possibility of electrochemi-
cal reduction of cations of a number of metals in the composition of the PAni polymer matrix was estab-
lished when powder composites were deposited on the surface of the Cu cathode (without fixing them), and 
PAni + M0 composites possessing electrocatalytic activity were created. 

Preparation of polymer-metal composites according to the developed direction was continued with the 
participation of aniline-formaldehyde polymer (AFP) and its mixed compositions with melamine-
formaldehyde polymer (MFP) and PAni with the following monomeric structures: 
 

 
AFP PAni 
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rate of o-NA hydrogenation and its conversion increase with an increase in the copper content in 1 g of 
AMFP + CuCl2 composites. 

T a b l e  1  

Electrocatalytic hydrogenation of о-NA on the copper-containing AMFP composites 

Composites 
The copper content  
in 1 g of composite 

W, mL Н2/min 
(α = 0.25) 

η, % 
(α = 0.25) 

α, % 

Cu cathode – 3.3 27.7 84.0 
AMFP (1:1) + CuCl2 (1:0.5) 0.150 2.4 20.7 80.5 
AMFP (1:1) + CuCl2 (1:1) 0.253 4.8 46.7 84.8 
AMFP (1:1) + CuCl2 (1:1.5) 0.324 6.1 62.7 98.0 
AMFP (1:1) + CuCl2 (1:2) 0.559 8.5 80.3 100 
AMFP (1:1) + CuCl2 (1:1) + NaBH4 0.252 4.1 37.2 100 
AMFP (1:1) + CuO (1:1) 0.369 4.7 41.7 89.1 
AMFP (1:1) + Cu2O (1:1) 0.209 3.2 30.6 73.7 
 

Mixed AFP + PAni and PAni + AFP polymers were prepared according to the synthesis procedures of 
AF-polymer and PAni, respectively. Metal-polymer composites PAni + AFP (2:1) with introduced metals 
(Cu2+, Fe3+, Zn2+) chlorides and their oxides sonicated were produced according to several synthesis options. 
Their structure, phase composition and morphological features were studied by IR spectroscopy, X-ray pow-
der diffraction, and electron microscopy. The structural-phase changes in the composites under the action of 
the reaction medium of the oxidative polymerization of aniline and current cathodic polarization are ana-
lyzed. It was found that the metal cations in copper (II) and zinc (II) chlorides, as well as in FeO (wustite) 
(Fig. 1), CuO and ZnO oxides introduced into the polymer matrix undergo electrochemical reduction (on the 
stage of hydrogen saturation) to form copper, zinc and iron particles in the zero-valent state, which catalyze 
the electrohydrogenation of o-NA. 
 

 
 a)  b) 

Figure 1. X-ray patterns of the PAni(2) + AFP(1) + FeO(1:0.6) composite  
before (a) and after (b) electrohydrogenation of o-NA 

Comparison of the electrocatalytic activity of the synthesized composites based on the mixed polymer 
PAni(2) + AFP(1), doped with metal salt, gives the following series of their activity: CuCl2 > ZnCl2 > FeCl3 
(not active). The electrocatalytic activity of the PAni(2) + AFP(1) + MeO composites decreases in the fol-
lowing sequence of oxides introduced: CuO > FeO > ZnO. 

Table 2 shows the results of experiments on the electrohydrogenation of o-NA using Zn-containing 
composites PAni + AFP, performed under the above described conditions with a current of 2.0 A [26]. 
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T a b l e  2  

Electrocatalytic hydrogenation of о-NА on the PAni(2) + AFP(1) + ZnCl2 (ZnO) composites 

Composites 
The zinc content in 
1 g of composite 

W, mL Н2/min 
(α= 0.25) 

η, % 
(α= 0.25) 

α, % 

Сu cathode – 3.5 25.0 71.0 
PAni(2) + AFP(1) + ZnCl2 composites 

PAni + AFP + ZnCl2 (1:2) 0.138 3.7 26.7 78.1 
PAni + AFP + ZnCl2 (1:2) + NaOH 0.243 4.9 34.4 85.0 
PAni + AFP + ZnCl2 (1:2) + NH4OH 0.270 5.4 39.4 97.7 
PAni + AFP + ZnCl2 (1:1) + evaporation 0.085 6.6 47.7 87.6 
PAni + AFP + ZnCl2(1:1) + evaporation + TT 0.089 7.0 50.8 92.1 

PAni(2) + AFP(1) + ZnO (Zn) composites 
PAni + AFP + ZnO (1:1) + NaOH 0.285 5.1 33.8 99.9 
PAni + AFP + ZnO (1:1) + NH4OH 0.275 4.0 26.7 92.0 
PAni + AFP + Zn (1:1) + NaOH 0.384 7.1 52.3 86.4 
PAni + AFP + Zn (1:1) + NH4OH 0.370 7.1 51.6 81.2 
 

It follows from the above data that all synthesized Zn-containing composites based on the mixed 
PAni(2) + AFP(1) polymer possess electrocatalytic activity in electrohydrogenation of o-NA; in their pres-
ence electrocatalytic hydrogenation of o-NA is carried out at higher rates and more complete o-NA conver-
sion than electrochemical reduction at the Cu cathode. 

Thus, on the basis of the AF-polymer and its mixed compositions with MFP and PAni, metal salts and 
oxides, new metal-polymer composites have been created, relating mainly to organic semiconductors and 
exhibiting electrocatalytic properties depended on the nature of the introduced metal, its content, conditions 
of synthesis and the influence of ultrasonic treatment. The resulting metal-polymer composites are multi-
functional materials and can be used not only as catalysts or electrocatalysts in the synthesis of chemical 
compounds, but also in other areas of technics, including nanotechnology. 

In the field of synthesis of biologically active substances, in continuation of previous studies [27–30] on 
the basis of heterocyclic compounds, new approaches were proposed to the reactions of interaction of 
acetoacetic acid anilide with 5-aminotetrazole and substituted aromatic aldehydes, which led to the develop-
ment of methods for obtaining new series of 7-aryl-5-methyl-N-phenyl-4,7-dihydrotetrazolo-[1,5-α]-
pyrimidine-6-carboxamides [31]. Studies are being carried out on the chemical transformation of the struc-
ture of fullerene C60 with modified derivatives of alkaloids with obtaining interesting in terms of studying 
the biological properties of fulleropyrrolidines [32, 33]. 
 

 
 

In order to expand a number of polyfunctional 1,2,4-triazoles bearing valuable biologically active 
groups [34, 35] based on N-morpholinyl acetic acid hydrazide, were synthesized and intramolecular 



Z.М. Muldakhmetov 

96 Вестник Карагандинского университета 

heterocyclization of thiosemicarbazide derivatives (5) was carried out. These compounds can be widely used 
in organic chemistry as starting synthons in the synthesis of many nitrogen-containing heterocyclic com-
pounds. 
 

 

 
 

The cyclization of thiosemicarbazide derivatives (5) was carried out in an aqueous-alkaline medium by 
heating the reaction medium to 80–85 °C. The starting N-morpholinyl acetic acid thiosemicarbazides were 
obtained by the interaction of N-morpholinyl acetic acid hydrazide with alkyl and aryl isothiocyanates. In the 
presence of alkali, N-alkyl(aryl)thiosemicarbazides of N-morpholinyl acetic acid (5) are converted to 
thiolate, and upon further acidification, 5-(morpholinomethyl)-4-alkyl(aryl)-1,2,4-triazole-3-thions are 
formed (6–10) [35–37]. 

In order to establish the spatial structure of 5-(morpholinomethyl)-4-allyl-1,2,4-triazol-3-thione (6), its 
X-ray structural examination was carried out, the general view of which is shown in Figure 2. From the ob-
tained data it follows that the bond lengths and valent angles are close to normal [37]. 
 

 

Figure 2. The structure of the molecule 5-(morpholinomethyl)-4-allyl-1,2,4-triazole-3-thione (6) 

In continuation of these studies, N-phenyl thiosemicarbazide N-anabasinyl acetic acid (12) was synthe-
sized by reacting N-anabasinyl acetic acid hydroxide (11) with phenyl isothiocyanate in ethanol with a yield 
of 74 %. It is established that upon acidification of a water-alkaline solution of the obtained phenyl-
thiocarbazide derivative (8), the latter one is subjected to intramolecular hetero-cyclization with the for-
mation of 4-phenyl-5-anabazinomethyl-1,2,4-triazole-3-thione (13) [38]. 
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In continuation of the ongoing research on dithiocarbamine derivatives, a series of preparatively con-
venient chemical transformations with the potassium salt of hydrazinodithiomorpholinyl acetic acid (15) was 
carried out. A study of the hetero-cyclization of the potassium salt of hydrazinodiomorpholinyl acetic acid 
(15) showed that the nature of the forming substances depended on the conditions of the process [41–43]. 
 

 
 

So, by reacting the potassium salt of hydrazinodithiomorpholine-acetic acid (15) with hydrazine hydrate 
in the presence of potassium hydroxide in absolute ethanol, followed by acidification with hydrochloric acid 
to a neutral medium (pH = 7), 4-amino-3-(morpholinomethyl)-(1H)-1,2,4-thiazolo-5e(4H)-thione (18) was 
synthesized [44]. It should be noted that a change in the nature of the reaction medium from absolute ethanol 
to water-ethanol (1:2) leads to the formation of the potassium salt of 3-(morpholinomethyl) -1,2,4-thiazole-4-
thione (17). The structure of the substance (17) was also confirmed by X-ray diffraction [40–43]. 

As a result of research and experimental works, optimal methods of synthesis were developed and the 
physico-chemical properties of new potentially biologically active compounds of dithiocarbamate, thiourea, 
thiazole, and thioamide structures based on N-morpholylacetic acid hydrazides, as well as the known 
anabasine alkaloid, were studied. The synthesized new substances are of interest as potential objects for 
studying the biological properties and establishing the regularities of the «structure-bioactivity» relationship. 

It should be noted that Institute of Organic Synthesis and Coal Chemistry of RK throughout all the 
years of its activity takes an active part in the implementation of the most important tasks in the framework 
of the priority directions of the development of science of the RK. The Institute staff at a high modern level 
conducts the scientific researches on the development of high technologies for the production of industrially 
important coal products, including modern approaches based on the use of microwave and ultrasound activa-
tion technology in chemical processes for the creation of new natural-synthetic polymers nanostructured cat-
alysts, nanocomposites of various purposes and biologically active substances with the participation of C60 
fullerene and nanofibers and other new products. 

At the same time, the Institute should pay attention to the issues of commercialization of scientific re-
sults, taking into account the experience of promoting a number of developments, namely, the 
electrocatalytic production of 2,4,5,6-tetraaminopyrimidine and 2,4,5-triamino-6-oxypyrimidine used in the 
production of the antitumor drug «Methotrexate» and folic acid, introduced at the Shchyolkovo Vitamin 
Plant (Russia), the creation of the production of the highly effective flotation reagent dimethyl(isopropenyl 
ethynyl)carbinol (DMIPEK) in Moscow, the release of coal-alkaline reagent from off-balance coals Central 
Kazakhstan on SJSA «Ekibastuzugol» and LLP «Uglesintez» with capacity up to 1000 tons of products per 
year. 

At this stage, it is necessary to increase the efficiency of implementation works on the basis of the cre-
ated mini-workshops for obtaining sodium humate and coal-fuel briquettes based on coal screenings from the 
Shubarkol coal deposit. 

It is necessary to ensure further improvement of the created innovative developments of the Institute: 
− on the creation of new domestic polymer-humic soil builders and organic-mineral humic fertilizers, 

coal-alkaline reagent, coagulants and corrosion inhibitors based on coal products; 
− on obtaining magnetically controlled nanosorbents for collecting oil spills from the water surface; 
− on obtaining valuable chemical compounds (p-aminobenzoic acid in the electrocatalytic system, 

piperidine by electrocatalytic reduction of pyridine, methylphenylcarbonyl by electrocatalytic reduc-
tion of acetophenone and etc.), which are the basis of medicinal and fragrant substances. 

The results of the implementation of these developments will contribute to the advanced development 
of high-tech and knowledge-intensive industries that save mineral resources, diversify the economy from raw 
materials to processing, and also contribute to solving environmental problems in the region. 
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З.М. Молдахметов 

Органикалық синтез жəне көмірхимия институты:  
қазіргі жетістіктері мен даму бағдарламалары 

Мақалада «ҚР Органикалық синтез жəне көмірхимия институты» ЖШС-де соңғы жылдары 
орындалған зерттеулер негізінде шолу жасалған. Ультрадыбыстық жəне микротолқынды химия 
əдістерін көмірді тотықтыру жəне тотығу түрлендіру үрдістеріне қолдану, жанған жыныстың бетіне 
гумин қышқылдарын жəне олардың туындыларын иммобилизациялау үрдістерін белсендіру, сондай-
ақ гуминминералды композицияларды алу процестеріне көміртекті нанотүтіктердің əсері зерттелді. 
Гуминді сорбенттердің жаңа белсенді формаларының қасиеттері анықталып ағынды суларды тазарту 
үшін сорбенттер ретінде сынаулар жүргізілді. VIII-ші топтағы (Fe, Ni, Co, Mo) металдардың 
қосылыстары негізінде композиттік катализаторлар алынды жəне антрацен мен фенантренді 
гидрирлеу процесінде олардың белсенділігі зерттелді. Цеолиттер мен көмір сорбенттеріне 
қондырылған металдардың суда еритін тұздары негізінде синтезделген композитті катализаторлардың 
қатысуымен мазут фракцияларын кавитациялық өңдеудің оңтайлы параметрлері анықталды. 
Анилиноформальдегид полимері жəне оның меламиноформальдегид полимерімен жəне 
полианилинмен аралас композициялары негізінде электркаталитикалық қасиеттері бар жаңа полимер-
металды композиттер алынды. Олардың құрылысы мен морфологиялық ерекшеліктері 
ИҚ-спектроскопия, рентгенофазалық талдау, атомды-эмиссиялық спектроскопия жəне электрондық 
микроскопия əдістерімен зерттелген. Электркаталитикалық белсенділік органикалық қосылыстарды 
электргидрациялауда зерттелді. 4-Амино-1,2,4-триазолдың, N-морфолинилсірке жəне N-анабазинил-
сірке қышқылдарының тиосемикарбазидтерінің жаңа туындылары синтезделген, олардың құрылысы 
мен биологиялық белсенділігі, реакция механизмдері зерттелген жəне де оларды синтездеу 
əдістемелерінің оңтайлы шарттары ұсынылған. 

Кілт сөздер: гумин қышқылы, жанған жыныс, көпқабатты көміртекті нанотүтіктер, гуминоминералды 
композиттер, композитті катализаторлар, антрацен, фенантрен, мазут, гидрогенизация, полимер-
металды композиттер, анилинді жəне меламиноформальдегидті полимерлер, полианилин, 
электркаталитикалық қасиеттер, 4-амино-1,2,4-триазол туындылары, фуллеропирролиндер, 
биобелсенділік. 

 
З.М. Мулдахметов 

Институт органического синтеза и углехимии:  
состояние и перспективы развития 

Статья носит обзорный характер по исследованиям, выполненным в ТОО «Институт органического 
синтеза и углехимии РК» за последние годы. Изучено применение методов ультразвуковой и микро-
волновой химии к процессам окисления и окислительного модифицирования углей, активации про-
цессов иммобилизации гуминовых кислот и их производных на поверхность горелых пород, а также 
влияние углеродных нанотрубок на процессы получения гуминоминеральных композиций. Изучены 
свойства новых активированных форм гуминовых сорбентов и проведены испытания их в качестве 
сорбентов для очистки сточных вод. Получены композитные катализаторы на основе соединений ме-
таллов VIII группы (Fe, Ni, Co, Mo), и изучена их активность в процессе гидрирования антрацена и 
фенантрена. Определены оптимальные параметры кавитационной обработки фракций мазута в при-
сутствии синтезированных композитных катализаторов на основе водорастворимых солей металлов, 
нанесённых на цеолиты и угольные сорбенты. На основе анилиноформальдегидного полимера и его 
смешанных композиций с меламиноформальдегидным полимером и полианилином получены новые 
металлополимерные композиты, обладающие электрокаталитическими свойствами. Их строение и 
морфологические особенности изучены методами ИК-спектроскопии, рентгенофазового анализа, 
атомно-эмиссионной спектроскопии и электронной микроскопии. Электрокаталитическая активность 
исследована в процессах электрогидрирования органических соединений. Синтезированы новые про-
изводные 4-амино-1,2,4-триазола, тиосемикарбазидов N-морфолинилуксусной и N-
анабазинилуксусной кислот, изучены их строение, биологическая активность, механизмы реакций и 
предложены оптимальные условия их синтеза. 

Ключевые слова: гуминовая кислота, горелая порода, многостенные углеродные нанотрубки, гумино-
минеральные композиты, композитные катализаторы, антрацен, фенантрен, мазут, гидрогенизация, 
полимер-металлические композиты, анилино- и меламиноформальдегидные полимеры, полианилин, 
электрокаталитические свойства, производные 4-амино-1,2,4-триазола, фуллеропирролидины, биоак-
тивность. 
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