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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 C4Hg:CH,Cl,:CH;0H (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 °C 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 "H NMR, '>C 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

'H and ">C 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 CsHy: CH,Cl,: CH;0H (5:5:1). Spots were detected by
spraying TLC plates with 1 % phosphomolybdic acid and heating at 110 °C 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™. 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 Biichner funnel. Yield is 98 %. R¢is 0.56 (in system
A), mp is 265 °C (lit., [30] 264-266 °C). IR spectrum (KBr, v, cm™'): 3423.4 — OH, 2934.5-2880.7 (-CH;
and -CH,), 1451.6, 1381.6 (-CH; and -CH,), 1039.0 (C-O-C). '"H NMR spectrum (400.17 MHz, CDCl;, §,
ppm, J/Hz): 0.78 (3H, s, CH3), 0.81 (3H, s, CH3;), 0.86 (3H, s, CH;), 0.93 (3H, s, CH;), 0.95 (3H, s, CH;),
0.99 (6H, s, CH3), 1.20-1.73 (24H, m, CH,, CH), 3.22 (1H, t, C;H, J 5.6 Hz), 3.45 (1H, d, CxxH,, J 8 Hz),
3.54 (1H, s, CyoH), 3.78 (1H, dd, C,sH,, J 7.2 Hz). *C NMR spectrum (100.63 MHz, CDCls, 8, ppm): 13.52
(C27), 15.39 (C24), 15.72 (C26), 16.50 (C25), 18.26 (C6), 21.00 (C11), 24.56 (C29 or C30), 26.28 (CH,),
26.45 (CHp), 27.43 (C2), 27.99 (C23), 28.83 (C29 or C30), 32.72 (C21), 33.92 (C7), 34.16 (C13), 36.28
(C17), 36.76 (C16), 37.27 (C10), 38.90 (C4), 38.92 (Cl), 40.62 (C), 40.72 (C), 41.49 (C), 46.84(C18), 51.09
(C9), 55.49 (C5), 71.29 (C28), 78.99 (C3), 87.94 (C19).

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 %. Ry is 0.64
(C6Hg:CH,Cl,:CH;0H / 5:5:1), and mp is 283 °C (lit., [31] 285-287 °C). IR spectrum (KBr, v, cm™): 2924.4—
2856 (-CH; and -CH,), 1726 (C=0), 1247.5 and 1023.3 (C-O-C). '"H NMR spectrum (400.17 MHz, CDCl;,
d, 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-COCHs;), 3.35 (1H, d, J=7.6, 28-H,), 3.46 (1H, s, 19-H), 3.70 (1H, d, J=7.6, 28-Hy), 4.38
(1H, m, 30-H). ®C NMR spectrum (100.63 MHz, CDCl;, §, ppm): 13.52 (C27), 15.69 (C24), 15.77 (C26),
16.50 (C25), 18.14 (C6), 20.99 (C11), 21.37, 24.55 (C29 or C30), 26.23 (CH,), 26.42 (CH,), 27.93 (C2),
28.36 (C23), 28.80 (C29 or C30), 32.69 (C21), 33.83 (C7), 34.13 (C13), 36.26 (C17), 36.70 (C16), 37.17
(C10), 38.59 (C4), 39.66 (C1), 40.62 (C), 40.71 (C), 41.49 (C), 46.80 (C18), 51.00 (C9), 55.56 (C5), 71.26
(C28), 80.96 (C3), 88.04 (C19), 171.15 (CH;COO).

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 %, Ry is 0.63 (CsHs:CH,Cl,:CH30H /
5:5:1), and mp is 268 °C (lit., [24] 265.5-266.8 °C). IR spectrum (KBr, v, cm™): 2944.6-2869.0 (-CH; and
-CH,), 1770.1 (C=0), 1219.3, 1188.6 and 1033.0 (C-O-C), 1166.6 (C-F). '"H NMR spectrum (400.17 MHz,
CDCl;, 6, 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).
PC NMR spectrum (100.63 MHz, CDCl;, 3, ppm): 12.46 (C27), 14.73 (C24), 15.22 (C26), 15.49 (C25),
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17.04 (C6), 20.01 (C11), 22.23 (CH2), 23.52 (C29 or C30), 25.49 (CH,), 26.73 (CH,), 26.84 (C2), 27.77
(C23), 31.66 (C29 or C30), 32.74 (C21), 33.09 (C7), 35.24 (C13), 35.69 (C17), 36.12 (C16), 37.05 (C10),
37.39 (C4), 39.60 (C1), 39.71 (C), 40.44 (C), 45.77(C18), 49.94 (C9), 54.40 (C5), 70.22 (C28), 85.25 (C3),
86.93 (C19). 115.09 (CF5COO0), 156.57 (CF5COO).

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 %, R;is 0.63 (C¢Hy:CH,Cl,:CH;0H / 5:5:1), and mp is 314 °C (lit., [32]
315°C). IR (KBr, v, cm™'): 2925 (=C-H), 1720 (C=0), 1175 (C-O-C)."H NMR (400.17 MHz, CDCl;, §,
ppm): 0.73 (s, 3H, CH3), 0.79 (s, 3H, CH3), 0.80 (s, 3H, CHj3), 0.84 (s, 3H, CHj3), 0.86 (s, 3H, CHj3), 0.89 (s,
3H, CH;), 0.97 (s, 3H, CH;), 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). °C NMR(100.63 MHz, CDCls, 8, ppm): 13.52 (C27), 15.39 (C24),
15.72 (C26), 16.50 (C25), 18.26 (C6), 21.00 (C11), 23.81, 24.56 (C29 or C30), 26.25(CH,), 26.42(CH,),
27.86 (C23), 28.82 (C29 or C30), 32.69 (C21), 33.81 (C7), 34.12 (C13), 36.28 (C17), 36.72 (C16), 37.15
(C10), 37.76 (C4), 38.56 (C1), 40.62 (C), 40.72 (C), 41.48 (C), 46.80 (C18), 50.98 (C9), 55.48 (C5), 71.26
(C28), 81.07 (C3), 87.96 (C19), 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.

HCOOH

rt, 30 min

CF,COOH
rt, 30-40 min

laR=H
2aR=Ac

Scheme 1. Synthesis of compounds 1a, 1b and 2a

CF,COOH

_ =

,2h

la 3

Scheme 2. Synthesis of compound 3
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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 °C 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 °C 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, 'H and *C 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™ and also the appearance of intense bands at 1039 cm™, which could be attributed
to C—O groups. 'H 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 C,sH, group (4B system) at & 3.45 and 3.78 ppm, and a singlet of CH group at 3.54 ppm. The "*C
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 'H and *C NMR spec-
troscopy in comparison with the analogous data published for related triterpenoids [24, 31, 32]. The '"H NMR
spectra of allobetulin esters synthesized 1b, 2a and 3 contain characteristic signals of tetrahydrofuran ring,
which appears as doublets of protons of CH, group (4B system), & 3.45-3.78 ppm, and a singlet of CH group
at 3.53-3.57 ppm. Comparison of the 'H 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 C=0 group at 1720—1770 cm™' and
of the C—O ester group at 1000—1275 cm™".

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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«Solvent-less» mechanochemical approach to the synthesis...

C. Appoyc, A. bonne, 1. bynedy, M.B. JIamynoBa, A.A. bakubaes

ANJ100eTyJIMH K9He OHBIH Keilip Kypaei dpupiepinin cuHTe3ine
«epiTKIlICi3» MeXaHOXUMUSUIBIK TICiJaemMe

Amno0eTynuH JXOHE OHBIH TYBIHABLIAPHI YIIH COHFBI Ke3#e OHONOTHSIIBIK OelCeHIimK TaOburraH, Oy
OJIapAbIH TOMEH YJIBUIBIFBIMEH OipIKKEH/IE FaJbIMIApbIH Ha3apblH ©3iHe TapTajabsl. Makanajga amio0eTynuH
JKOHE OHBIH KeHOip aueTus ToObI Oap TYBIHIBUIAPBI, MEXaHOXMMUSUIBIK OCJIeHAIpyre Heri3JeireH, apTypii
szicTepMeH cuHTe3nesai. bapnblk peakiusuiap GenMernik Temmeparypana Kyprizingi. Amnoberynaus (1a)
xoHe amtoberynu 3-O-dopmuar (1b) Gerymunnin Tpudropcipke kpimkbiibivern (TFA) sxone HCOOH
OPEKETTECY PEaKLHsCHl apKbLIbI albIH/bL. PeakUsHbIH XYPY YakbiThl 30—40 MUH Kyp/bl, )KoHE OHIMICPIiH
IIBIFBIMBL colikeciHmIe 82 xoHe 98 % TeH Oonmel. AmtoberynuH 3-O-tpudropanerar (4) 95 % mbrpIMMeH
amtoberynuHHIH (1a) TFA 2 caraTThIK peaknusCchl HOTHKECIHIE albIHABL Al aiobeTyanHHIH 3-O-amerats
(2a) GerynuH IMaNETAaTHIHBIH TPUQTOPCipKe KBIMKbUIBIMEH 30 MuH imiHge eHuenyi HoTmkecinge 92 %
IIBIFBIMMEH anbiHbl. OHiMaepain Tysuryi XKKX omicimen, smoent peringe C¢Hg:CH,Cl,:CH;0H (5:5:1)
KOJIIaHbLITybIMEH aHbIKTaspl, fakrap XKKX mmactunanapsin pearentieH (1 % dochomoandaeH KbIIIKbLIbL —
cy) Oypkim, cOHbIHAH KeK TycTi Oosiy maiiga Oonranimma 110°C temmeparypaga 5 MHH KbI3ObIpFaHIa
aHbBIKTJNABL. Bys mnporenypa kapamaibIM, THIMZAI JKOHE SKOJIOTMSUIBIK Kayimncid. bapiblk eHiMuepaiH
xypsutbiMaapsl 'H SIMP, C SMP sxome WK-®ypbe-ClIeKTPOCKONHS OiCTepiHiH MoTiMeTTepiMeH
JOTETCH L.

Kinm co30epi: OerynuH, amno0eTynuH, TPUGTOPCIpKE KBIIKBIIE, MEXAaHOXHMHS, MEXaHOXUMUSIIBIK
Oencenmipy, KyMbIpCKa KbIIIKBUIBI, AIUTOOETYIMHHIH (POpMHUATHI, OCTYINHHIH AAAETATHI.

C. Appoyc, A. bonne, U. Bynedy, M.B. JlsnynoBa, A.A. bakubaes

MexaHOXUMHYECKH I moaxoa «0e3 pacrBopuTeJish»
K CUHTE3Y a.]'l.]'l06eTy.]'II/lHa H HEKOTOPLIX €ro CJ0KHbIX 3(I)I/IpOB

s annobeTynuHa U €ro MPOU3BOAHBIX HE TaK JaBHO Obliia 0OHapyeHa Ouooruyeckas akTUBHOCTb, 4TO, B
COYETaHHU C MX HHU3KOH TOKCHYHOCTBIO, IPUBJICKAET BHIMaHUE y4eHbIX. B maHHON paboTe amumo0eTynuH 1
HEKOTOPBIE €ro IMPOU3BOAHBIE, COJIEprKallie aleTHIBHYIO TPYIITY, CHHTE3UPYIOTCS Pa3IMIHBIMH METOIAMH,
OCHOBAaHHBIMH Ha MEXaHOXHMHYECKOH aKTHBAIMH. Bce peakiuy npoBeleHs! P KOMHATHOH TeMIeparype.
Amno6erynuH (1a) u amnoberynun 3-O-dopmuar (1b) ObUTH MOTy4eHB! peaknuel B3anMOJSHCTBUS OeTyH-
Ha c tpudropykcycHoit kucinoroii (TFA) m HCOOH. Bpems mnpoBeaeHHs peakIMud COCTaBIUIO
30-40 muH, BbIXOJ MPOAYKTOB cocTaBua 82 n 98 % coorBercTBeHHO. Amnoberynun 3-O-tpudroparerar (4)
¢ BBIX0OJIOM 95 % momyuaercsa peaxuueit amnoberynuna (1la) ¢ TFA B teuenue 2 uwacoB. B To Bpems kak
3-O-auerat atoberynuHa (2a) mosydaercsi 00paboTKoil auanerataberynnHa TpH(TOPYKCYyCHO# KUCIOTOH B
Teuenue 30 MuHYT ¢ BeIxoJoM 92 %. O6pa3oBanue mpoaykToB onpenensin merogoM TCX ¢ ucmnonabp30BaHu-
em C¢Hg:CH,Cl:CH30H (5:5:1) B kauecTBe DIIFOEHTA, TISITHA OBUTH 0OHAPY)KEHBI MOCIIE ONPBICKUBAHUS TIIa-
ctua TCX pearentom (1 % dochomonmnbaenoBast KucIoTa — BOAA) C MOCIEIYIOIMM HarpeBaHUEM IIPH
110 °C B TeueHue 5 MUHYT 10 HOSBJICHUS XapaKTEPHOIO CUHETO OKpamuBaHud. JaHHas mpouenypa mpocra,
a¢dexTrBHA U dKoNOrHdecKn Oe3onmacHa. CTPYKTypHI BceX MPOAYKTOB OBUIM ITONTBEPXKICHBI JaHHBIMH H
SAMP, C SIMP i UK-®ypbe-CrieKTpoCKOIH .

Kniouesvie crosa: GerynuH, amnobeTyluH, TPUPTOPYKCYCHAss KUCIOTa, MEXaHOXUMHUS, MEXaHOXMMHYECKas
AKTHBALMs, MypaBbUHAs KUCIIOTA, (popMHUaT ayuto0eTyInHa, TuaneTaToeTyIuHa.
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The reaction of C-alkylation of eudesmanolide (-)-a-santonin

This article is concerned with sesquiterpene y-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 4o(ethyl)-3-keto-trans-eudesm-1(2),5(6)-diene-6,12-olide(C4-a-ethyl-
santonin) was carried out at room temperature in argon atmosphere by interaction of eudesmanolide
(-)-a-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 C4-0-ethyl-santonin was es-
tablished by "H 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-a-ethyl-santonin cycles
are trans-articulated (CH;-10, B-oriented), the ethyl group at C-4 has the a-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 y-lactone, cross-conjugated, eudesmanolide, a-santonin, alkylation, keto-eudesmane
ester, stereoselectivity, electrophilic rearrangements.

Chemical transformations of plant metabolites, in particular eudesmane sesquiterpene y-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 (-)-a-santonin (1) with
MeOH and EtOH in the presence of sodium alkoxides and the base Me;COK-DMCO-Me;COH
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].

0 aan

H

0 CO,R
3), 4
0O (3):R=Me, (4):R=Et

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 (—)-a-santonin (1). Thus, the
reaction of eudesmanolide (1) with bromoethane in the presence of base Me;COK-DMSO-Me;COH
stereoselectively leads to the formation of a new product of Cy-alkylation, namely 4a(Et)-3-keto-trans-
eudesma-1(2),5(6)-dien-6,12-olide (7). Yield was 50 % (Fig. 2).

EtBr
Me;COK-DMSO-Me;COH

RTT

) 0

Figure 2. Synthesis of C4-a-ethyl-eudesmanolide (7)
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The reaction of C-alkylation of eudesmanolide (-)-a-santonin

The spatial structure of eudesmanolide (7) was determined by X-ray analysis. It is shown in Figure 3.
As shown in Figure 3, the cycles in the structure of the molecule (7) are trans-articulated (CH3-10,
B-oriented), the ethyl group at C-4 has an o-configuration. The configuration of six-membered cycles is
characterized as a distorted chair- chair.

Figure 3. The spatial structure of C4-a-ethyl-eudesmanolide (7)

Two-dimensional NMR (COSY, NOESY) experiments were also carried out with C,-ethyl
cudesmanolide (7). 2D NMR spectra (COSY, NOESY) are shown in Figures 4 and 5.
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Figure 4. "H NMR (COSY) spectrum of eudesmanolide (7)
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Figure 5. 2D NMR (NOESY) spectrum of eudesmanolide (7)

Considering the structure and stereochemistry of C,-a-ethyl-eudesmanolide (7), its formation can be
represented as shown in Figure 6.

Me;CO

17 (6)

5

1 — allyl shift; 2 — enolization
Figure 6. Mechanism of C4-ethyl-eudesmanolide formation (7)

Probably, under the reaction conditions of a-santonin (1) initially stage of the anion (2) formation initi-
ates the subsequent stages of intramolecular electrophilic rearrangements with the formation of enolate-
ion (6), which further stereoselectively interacts with organohalide, resulting to 4a-ethyl-eudesmanolide (7)
with a double bond at C5-C6. The synthesis of the compound (7) can serve as a confirmation of the proposed
mechanism of formation of 6-keto-eudesman esters (3) and (4), which has been described by us in [4, 5].
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The reaction of C-alkylation of eudesmanolide (-)-a-santonin

Experimental

IR spectra (7) were recorded on an Avatar-360 spectrometer in KBr pellets, 'H NMR spectra were reg-
istered on a Jeol, ECA-500 spectrometer (operating frequency 500.15 MHz) with a solvent — CsDsN. Mass
spectra were measured on an Agilent 7890A. X-ray analysis was established on a Nonius Kappa CCD
4-circle automatic diffractometer (Moa, A = 0,71073 A, graphite monochromator) at a temperature of 150 K.
Specific rotation was determined on a MCP-100 polarimeter, melting points were measured on a M-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.

4a(Et)-3-keto-eudesma-1(2),5(6)-dien-6,12-olide (7). To a solution of potassium tert-butoxide in
Me;COH 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 (3x10 ml), dried with MgSO,. 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 °C, R, 0.60 (hexane — ethyl acetate, 3:2), [a]p 43°
(¢ 0.003; CHCLy). IR spectrum (v, cm"): 1710 (C=0), 1778 (C=0), 1635 (C=C). 'H NMR spectrum
(500 MHz, CsDsN, 8, m.d, J/Hz): 6.08 (1H, d, J=9.8, H-1), 6.58 (1H, d, ] = 9.8, H-2), 1.42 (3H, s, CH;-4),
1.06 (3H, s, CH;-10), 1.15 (3H, d, J=6.87, CH;-11), 1.53 (2H, k, J=5.5, 1 =7.52, CH,-16), 0.65 (3H, t,
J =7.52, CH;-17). Mass spectrum (EI, 70 eV), m/z (I 11, %): 274 (M, 45.2).
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H. Mepxarynsi, A.H. Uckangepos, A.T. Omaposa, I1. Bolitumek, C.K. )KokuxanoBa

IBaecMaHOJIU] (—)-0-CAHTOHUHHIH C-ajIKujaey peakmusicbl

Makasna (Gu3HONOrHsIbIK OCJICEHIUTIKTIH KeH CIeKTpiHe e, TaOWFU OpraHHKAaNbIK KOCBHLIBICTAP/IBIH
MaHBI3Bl TOOBI OOJIBIN TaOBUIATHIH SBAECMAH THITI CECKBUTEPICHAI Y-NAKTOHAAPIBIH KYPBUIBICHIHA
apHayraH. JKaHa mpakTHKanblK MaHBI3IB  40(3THI)-3-KeTo-TpaHc-9BaecM-1(2),5(6)-nuen-6,12-omuariyg
(C4-0-3THII-CAaHTOHUH) CTEPEOCENCKTUBTI CHHTE31 0eJIMe TeMIlepaTypachlHOa aproH OpPTACHIHIA 3BIeCMa-
HOJHA (—)-0-CAaHTOHHWHHIH KYIUTI HEri3 KaThICHIHAA (KMl TpeT-OyTHIaThl — AUMETHICYIb(OKCU — TPeT-
OyTuil cnMpTi) OpraHUKAaNbIK TaJOreHUAINICH SpeKeTTecTipinm >kyprisinai. Onrtukanslk OeiceHIi ©HIMHIH
weirbMbl 50 % Kypaiiael. Cuntesgenin anbiaFad C4-0-3THI-CAHTOHWHHIH KYPBUIBICBI MEH KEHICTIKTeri
KYPBUIBIMBI TIPOTOHIBI MarHUTTI PE30HAHC, eKieJIIeMAl saponbl MarHUTTI pe3oHaHc (2D NMR; COSY,
NOESY), Macc-CIeKTpOMETpHsS JKOHE  PEHTIeHKYPBUIBIMIBIK — Tajliay  OIICTEpIMEH  aHBIKTaJlJbl.
PeHTreHKYpBUIBIMABIK, aHaNM3 OMiCiHIH HoTHKeciHIe C4-0-dTHI-CAHTOHMHHIH KOHJCHCHPIICHI€H alThl-
Mymreni mukiaepi tpanc-kocapiaanran (CH3-10, B-6arsrrranran), C, xkar qalibIHIAFBI STUII TOH O-KOHQUTY-
panus Kyiinzae, 3BIeCMaHOIUATIH alTRIMYIIET] OUKIAEPiHiH KOHGOpMAIHICH OypManaHFaH KpPecsio-KpeciIo
KyHiHze OONaTBIHABIFEI aHBIKTAJIBL. Makanajga 3epTTeyldiH Kas3ipri 3aMaHayd (HU3HKa-XHMHSUIIBIK JKOHE
CINIEKTPOCKONMUSIIBIK QMICTEpAl KOJJAaHybl alblHFaH 3aTTap/blH KYPbUIBICHI MEH KaCHUETTEpiH CeHIMIi Typae
CHIIAaTTayFa MyMKiHZIIK Oep/i.

Kinm ce30ep: cecKBUTEpIEHII Y-JIAKTOH, KPOCC-KOCApIIaHy, BIECMAHOJM, O-CAHTOHHH, aJKWIACY, KEeTo-
aBziecMaH 3(HUpi, CTEPEOCENCKTUBTLIIK, MEKTPOGUIII KaUTaTONTaCYy.
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H. Mepxarynsi, A.H. Uckangepos, A.T. Omaposa, I1. Bolitumek, C.K. )KokuxanoBa

Peakuus C-aJaknJiupoBaHus 3BI€CMAHOJINAA (—)-0-CAHTOHMHA

CraThsl NOCBSIIIEHA CECKBUTEPICHOBEIM Y-JIAKTOHAM 3BJIECMAHOBOH CTPYKTYPHI, SBIISIOIINMCS HEPCIICKTHB-
HBIM KJIACCOM IPHPOIHBIX OPTAaHUYECKUX COCANHEHHH, XapaKTePU3YIOIIUXCs MUPOKUM CIICKTPOM (pHU3HOIIO0-
TrU4ecKoi akTUBHOCTH. CTEepeoCeNeKTHBHBIH CHHTE3 HOBOTO MHPAKTHUECKH 3HAYMMOTO 40(3THi)-3-KeTo-
TpaHc-9BRecM-1(2),5(6)-nuen-6,12-omna (C4-0-3THII-CAHTOHMHA) IPOBOJMIN NIPH KOMHATHOH TeMIeparype
B aTMocdepe aproHa B3anMoJeiiCTBUEM 3BJIECMAHOINAA (—)-0-CAHTOHUHA C OPraHOTAIOIEHUIOM B IIPUCYT-
CTBHHU CHJIBHOTO OCHOBaHUS (mpem-OyTuiar-Kanus — AMMETHICYIbGOKCU — mpem-OyTUIIOBBIH criupT). Bbl-
XOJ1 1IENI€BOTO ONTHYECKH aKTUBHOTO mpoaykTa coctaBui 50 %. CTpoeHue u MPOCTPaHCTBEHHAs! CTPYKTypa
CHHTE3UpOBAaHHOTO C4-0-3TUJI-CAHTOHMHA YCTAHOBJIEHBI METOJAMH INPOTOHHOTO MAarHHUTHOTO PE30HAHCa,
JIBYMEPHOTO siiepHO-MarHuTHOTO pe3oHanca (2DNMR; COSY, NOESY), Macc-ClIeKTpOMeTpHH M PEHTTEHO-
CTpyKTypHOTO aHanm3a. [lo pe3ynpraTaM peHTTeHOCTPYKTYPHOTO aHAN3a OBIIO yCTaHOBIIEHO, YTO KOHJCH-
CHPOBAaHHBIC HIECTUWICHHBIE NHMKIBI C4-0-3TUII-CAHTOHWHA SBIIOTCS TpaHc-cowreHeHHbIME (CHj3-10,
B-opuenTupoBaHa), sTmibHas rpymmna npu C-4 uMeer o-KOHQUTrypanuio, a KOHGOPManus MIECTUIICHHBIX
IIMKJIOB 3BJECMAHOJNA XapaKTEePU3yeTCsl KaK UCKaXXeHHOe Kpecio-kpecno. TakuM o6pa3oM, COBOKYITHOCTh
HPUMEHEHHS B pabOTe COBPEMEHHBIX (U3NUKO-XUMHYECKHX M CIIEKTPOCKOINYECKHX METO/OB HUCCIIEIOBAHUSA
M03BOJIMIA HAJIEKHO U OHO3HAYHO 0XAapPAKTEPH30BaTh CTPOSHUE U CBOMCTBA MOIyYEHHBIX COEANHEHH.

Kniouesvie cnosa: CeCKBHTepHeHOBLIﬁ Y-JIJAKTOH, KpOCC-COIIPSIKEHUE, OBACCMAHOJIMA, O-CaHTOHUH,
AIIKUJIMPOBAHUEC, KETO-3BIIECMaHOBBII 3(1)I/Ip, CTEPCOCCIICKTUBHOCTD, 3J'IeKTpO(1)I/IJII)HLIe NEPErpynImpoOBKHU.
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Study of supramolecular inclusion complexes of pseudoephedrine, lupinine,
anabasine and cytisine with B-cyclodextrin by NMR spectroscopy

The 'H, *C and DEPT one-dimensional NMR and two-dimensional spectroscopy methods COSY ('H-'H),
HMQC ("H-"*C) and TOCSY ('H-'H) were used to study the alkaloids pseudoephedrine, lupinine, anabasine
and cytisine and their supramolecular inclusion complexes with cyclic polysaccharide B-cyclodextrin. The
proton-proton correlation patterns are presented through three bonds and the proton-carbon correlation pat-
terns through one bond, namely COSY ('H-'H) and HMQC ("H-"*C) in the molecules of the alkaloids under
study. The use of the capabilities of two-dimensional spectroscopy COSY (‘H-'H), HMQC ('H-"C) and
TOCSY ('H-'H) to identify the studied alkaloids allowed us to correctly and unambiguously identify the
structure of substrates of the supramolecular self-assembly with a cyclic polysaccharide receptor.
Homonuclear and heteronuclear correlation NMR COSY ('H-'H) and HMQC ('H-"*C) is also used to identify
and confirm the structure and structure of the cyclic polysaccharide B-cyclodextrin. The chemical shifts of the
aliphatic and hydroxyl protons of the inner and outer surfaces of the receptor were determined. A comparative
analysis of the 'H and *C NMR spectra of pseudoephedrine, lupine, anabasine and cytisine, B-cyclodextrin
and their supramolecular inclusion complexes was carried out. Changes in the chemical shifts of "H and *C
nucleus of pseudoephedrine, lupinine, anabasine, and cytisine, and B-cyclodextrin in inclusion complexes
were determined. The proton integral intensities of the substrate and receptor in the "H NMR spectra deter-
mined that the supramolecular interaction of the studied pseudoephedrine, lupinine, anabasine and cytisine
with B-cyclodextrin is accompanied by the entry of hydrophobic fragments of 1 substrate molecule into the
inner cavity 1 of the receptor molecule.

Keywords: pseudoephedrine, lupinine, anabasine, cytisine, B-cyclodextrin, inclusion complexes, NMR spec-
troscopy.

Introduction

NMR spectroscopy is currently one of the most informative methods for studying the structure and in-
termolecular interactions in inclusion complexes [1]. Therefore, this research method was chosen to study
the supramolecular inclusion complexes of pseudoephedrine 1, lupine 2, anabasine 3 and cytisine 4 with
B-cyclodextrin (B-CD). The inclusion of alkaloids 1-4 in the cavity of the host molecule will increase the
solubility of the substance, improve bioavailability and physico-chemical stability, and protect against bio-
degradation [2]. Among the currently known biologically active compounds, encapsulating receptors such as
cucurbiturils, crown ethers, calixarenes, and others, 3-CD [3] has a number of remarkable properties due to
its structure. This is a relatively readily available compound derived from a renewable source, namely starch.
B-CD is a cyclic oligosaccharide containing 7 glucopyranose units. The B-CD molecule has the shape of a
truncated cone, on the inner surface of which hydrophobic binding protons H-3 and H-5 are located, and on
the outer surface — H-2 and H-4.
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The most important feature of B-CD is its ability to hydrophobically bind the guest molecule in its cavi-
ty in an aqueous medium.

Results and Discussion

The study by NMR spectroscopy of supramolecular inclusion complexes 5—8 obtained respectively on
the basis of alkaloids 1-4 and B-CD is based on determining the difference in the values of chemical shifts of
'H and "C substrates (1-4) and receptor (B-CD) in free condition and composition of complexes as a result
of intermolecular interaction. According to the magnitude of chemical shifts of internal or external protons of
B-CD, one can judge the formation of internal or external complexes, respectively. The change in the chemi-
cal shifts of 'H and "°C in the spectra of substrates makes it possible to determine the direction of the latter
entering the B-CD cavity [4].

Interpretation of the 'H NMR spectrum of the pseudoephedrine 1 molecule in the free state showed the
presence of strong-field signals in the form of a three-proton doublet with °J 6.4 Hz at 0.67 ppm and three-
proton singlet at 2.26 ppm, which can be attributed to the protons of the methyl groups H-12, 12, 12 and
H-11, 11, 11, respectively.

OH

t

e N
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N
Se 2 HSC/'I‘G”
1"

1

One-proton quintet signal at 2.53 ppm from *J 6.4 Hz can be correlated to protons H-9. One-proton
doublet at 4.19 ppm from *J to 7.2 Hz corresponds to the methane hydrogen atom H-7. Protons of the phenyl
radical resonate in the low-field region of the spectrum. Proton H-4 was detected in the form of one-proton
multiplet at 7.17-7.22 ppm. The remaining protons of the aromatic nucleus H-2, 6, 3, 5 resonate as multiplet
at 7.26—7.27 (4H) ppm. Hydroxyl and imine protons H-8 and H-10 fell into the region of resonance of resid-
ual protons of the solvent and appeared along with them as broadened singlet at 3.25 ppm. Similar signals
are observed in the PMR spectrum of the pseudoephedrine complex with B-CD 5.

In the carbon NMR spectrum of an individual pseudoephedrine, signals of methyl atoms C-12 and C-13
are observed in the strong field region at 15.77 and 33.90 ppm, respectively. Asymmetric carbon atoms C-9
and C-7 correspond to doublet signals with chemical shifts of 61.10, 61.30 and 76.72—76.94 ppm, respective-
ly. Aromatic carbon atoms resonate at 127.35 (C-3, 5), 128.07 (C-4), 128.44 (C-2, 6) and 144.10 (C-1) ppm.
In the supramolecular complexes of pseudoephedrine with B-CD in comparison with the free substrate, the
signals of °C nuclei (A8) are shifted both to the weak and strong fields (Table 1). This is due to the dis-
shielding and shielding of carbon nuclei during the formation of supra complexes when the interacting nuclei
approach each other.

Table 1
Chemical shifts NMR 'H and "*C 1 and B-CD in the free state and in complex 5
The value of 9 in the free The value of & Change in chemical shift
Atom Group .
number : state, ppm - 1n1 the complex, 1193pm : AS(8- dy), ppl}l3
CH, H C H C H
1 2 3 4 5 6 7 8
Pseudoephedrine

1 =C< — 144.10 — 144.02 — -0.08

2 =CH- 7.27 128.44 7.27 128.48 0 0.04

3 =CH- 7.26 127.35 7.26 127.35 0 0

4 =CH- 7.20 128.07 7.20 128.09 0 0.02

5 =CH- 7.26 127.35 7.26 127.35 0 0

6 =CH- 7.27 128.44 7.27 128.48 0 0.04

7 >CH- 4.19 76.94 4.19 76.88 0 -0.06
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Continuation of Table 1

1 2 3 4 5 6 7 8

9 >CH- 2.53 61.10 2.53 57.03 0 -4.07
1 -CH; 2.26 33.90 2.26 33.82 0 -0.08

12 -CH,4 0.67 15.77 0.67 15.71 0 -0.06

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.68 0.02 0.25
2 >CH- 3.27 72.87 3.29 72.92 0.02 0.05
3 >CH- 3.49 73.54 3.59 73.68 0.10 0.14
4 >CH- 3.30 82.00 3.34 82.14 0.04 0.14
5 >CH- 3.45 72.52 3.55 72.65 0.10 0.13
6 -CH,- 3.57 60.40 3.61 60.57 0.04 0.17

The NMR spectrum of an individual B-CDD (Fig. 1) is characterized by the manifestation of six groups
of signals in the region 3.23-3.32; 3.45-3.60; 4.47-4.49; 4.77-4.78; 5.66; 5.71-5.73 ppm.
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Figure 1. "H NMR spectrum p-CD

The lowest-field doublet signal in the range of 5.71-5.73 ppm with the splitting of 4 Hz belongs to the
proton of the hydroxyl group at the C-2 atom. Also in the weak field region, the proton of the OH group of
the neighboring atom (OH-3) resonates in the internal cavity of the 3-CD molecule (6 = 5.66 ppm, doublet).
The doublet signal in the region of 4.77—4.78 ppm corresponds to the proton H-1 B-CDD. The location of the
indicated proton in a weaker field compared to the protons of other CH groups is due to the influence of the
oxygen atom. The hydroxyl group OH-6 resonates splitting into a triplet with a center at 4.48 ppm. In the
field of a strong field at 3.49-3.60 ppm signals of protons H-6a, b of the methylene group are observed. High
intensity signal at 3.45 ppm corresponds to the protons H-3 and H-5 of glucopyranose link. In the range from
3.23 to 3.32 ppm metinic protons H-2 and H-4 appear.

The B-CD NMR spectrum (Fig. 2) consists of six signals from "*C nuclei of the elementary link.

The signal of carbon atom C-6 appears at 60.41 ppm in the high-field part. The signals at 72.49, 72.85
and 7351 ppm resonate due to the C-5, C-2 and C-3 atoms, respectively. Signals of carbon atoms C-4 and
C-1, respectively, are observed in the weaker field at 82.02 and 102.41 ppm, which are directly connected
with the neighboring glucopyranous unit through the oxygen bridge.

The study of the one-dimensional spectra of -CD in the free and bound state (Table 1) made it possible
to identify the pattern of displacement of all "H and "*C signals of the host molecule to the weak field, which
confirms non-valent binding to the guest. For proton spectra, the greatest difference in the chemical shift
values (Ad=+0.10 ppm) is characteristic of the H-3 and H-5 inner-sphere protons, on the basis of which it can
be concluded that an internal (inclusive) complex with pseudoephedrine is formed. In the case of the carbon
spectrum, the difference is more significant and ranges from 0.05-0.25 ppm.
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Figure 2. C NMR spectrum B-CD

Analysis of two-dimensional NMR spectra in COSY (‘H-'H) and HMQC ('H-"C) formats (Fig. 3
and 4) allowed us to establish homo- and heteronuclear interactions in pseudoephedrine molecules in both
the free state 1 and in the composition of the supramolecular inclusion complex 5.

Figure 3. Correlations of COSY (‘H-"H) in molecule 1 Figure 4. Correlations of HMQC (‘H-"C) in molecule 1

Thus, the formation of supramolecular inclusion complexes is confirmed on the basis of changes in the
chemical shifts of NMR of the substrate and receptor atoms. Comparison of the integral intensities of the 'H
signals of the receptor molecules and the substrate in individual and encapsulated forms showed that there
was 1 receptor molecule in the inclusion complexes 5 per 1 substrate molecule. Considering that the greatest
displacements of atoms in the substrate molecule are observed for the aliphatic fragment, we can assume the
following picture of the inclusion of pseudoephedrine in the internal cavity of B-CD (Scheme 1):

Scheme 1. The formation of the inclusion complex 1 with f-CD

In the spectra of free lupinine in the strong field at 1.03—1.64 and 1.75-1.91 ppm multiplet signals with
an intensity of 10H and 4H, respectively, of protons H-6, 4, 4, 3, 3, 8, 8, 5, 7, 7, and H-9, 9, 2, 2 condensed
ring systems are observed. The doublet-like multiplet signal at 2.65-2.67 ppm with integral 2H can be at-
tributed to the protons H-10, 10. The two-proton multiplet at 3.47-3.59 ppm belongs to the methylene pro-
tons H-11, 11. Hydroxyl protons H-11 resonated with a broad one-proton singlet at 4.23 ppm.
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Carbon atoms resonate at 21.62 (C-3), 25.40 (C-8), 25.75 (C-6), 27.40 (C-7), 29.35 (C-4), 41.00 (C-5)
in the ?C NMR spectrum of substrate 2. The weakest field signals are at 57.28, 60.45 and 64.66 ppm can be
attributed to carbon atoms with a nitrogen heteroatom of C-2, 10, C-9 and secondary C-11, respectively.

Analysis of the two-dimensional spectra of COSY (‘H-'H) and HMQC ('H-"C) (Fig. 5, 6) allowed us
to establish homo- and heteronuclear interactions in the substrate molecule. The COSY correlations carried
out through three bonds are determined between the protons of the system of condensed nuclei of the
lupinine molecule.

Figure 5. Correlations of COSY ('H-'H) in molecule 2 Figure 6. Correlations of HMQC ('H-"C) in molecule 2

Nonvalent bonding of atoms occurs in the process of supramolecular interaction. This is reflected in the
chemical shifts of the interacting nuclei. Equivalent signals of protons of condensed nuclei of lupinine appear
in the spectrum of the inclusion complex with B-CD (6) in the ranges 1.00—1.62 and 1.76—1.92 ppm. The sig-
nal of the methylene proton in the OH group as a result of complexation shifts to 3.49-3.50 ppm.

For B-CD protons, the formation of an inclusion complex is accompanied by the displacement of all 'H
nuclei into the region of a weak field. The largest difference in chemical shift values (Ad=+0.10-0.12 ppm) is
characteristic of the H-3 and H-5 inner-sphere protons, on the basis of which it can be concluded that an in-
ternal B-CD complex is formed lupinine (Table 2).

In the case of carbon spectra of substrate 2, the receptor and their complex 6, a more significant shift of
signals is observed. To the carbon atoms of the condensed system, Iupinine molecules correspond to signals
at 21.59, 25.40, 27.35 and 29.33 ppm. The C-6 signal of the methine group is observed at 25.69 ppm. The
weak field signals of the C-2, 10, C-9 and C-11 atoms also underwent slight shifts on the chemical shift scale
and appear at 57.28, 64.62 and 60.56 ppm, respectively. The difference in the values of changes in chemical
shifts ranges from 0.03—0.25 ppm for carbon atoms of B-CD (Table 2).

Table 2
Chemical shifts NMR 'H and *C 2 and B-CD in the free state and as part of complex 6

The value of § in the free | The value of 6 in the com- Change in chemical shift
Atom Group
number : state, ppm - : plex, ppm - : AS(8-9), ppr{l3
CH, H C H C H C
1 2 3 4 5 6 7 8
Lupinine
2 -CH,-N 1.90 57.29 1.92 57.28 0.02 -0.01
3 -CH,- 1.36 21.62 1.34 21.59 -0.02 -0.03
4 -CH,- 1.34 29.35 1.32 29.33 -0.02 -0.02
5 >CH- 1.58 41.01 1.57 41.03 -0.01 0.02
6 >CH- 1.17 25.58 1.20 25.69 0.03 0.11
7 -CH,- 1.65 27.40 1.64 27.42 -0.01 0.02
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Continuation of Table 2

1 2 3 4 5 6 7 8

8 -CH,- 1.37 25.40 1.38 25.40 0.01 0

9 -CH,- 1.82 64.66 1.83 64.62 0.01 -0.04
10 -CH,-N 2.66 57.29 2.66 57.28 0 -0.01
11 -CH,0H 3.56 60.45 3.55 60.49 -0.01 0.04

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.68 0.02 0.25
2 >CH- 3.27 72.87 3.30 72.90 0.03 0.03
3 >CH- 3.49 73.54 3.61 73.69 0.12 0.15
4 >CH- 3.30 82.00 3.33 82.15 0.03 0.15
5 >CH- 3.45 72.52 3.55 72.66 0.10 0.14
6 -CH,- 3.57 60.40 3.61 60.56 0.04 0.16

Thus, the formation of supramolecular inclusion complexes is confirmed on the basis of changes in
chemical shifts of the characteristic atoms of the substrate and receptor. Comparison of the integral intensi-
ties of the 'H NMR signals of the receptor molecules and the substrate in the free and encapsulated forms
showed that in the 6 per 1 inclusion molecule complexes there is 1 receptor molecule. Taking into account
that the greatest displacements of atoms in the substrate molecule are observed uniformly for the atoms of
the entire lupinine molecule, the following variants of encapsulating lupinine into the B-CD cavity can be
assumed (Scheme 2).

6a 6b

Scheme 2. Possible options for encapsulating 2 in -CD

In the spectrum of molecular anabasine 3 in the range from 1.25 to 1.52 ppm NMR 'H observed signals
4 protons, which can be correlated to the CH,-groups with atoms of C-4 and C-5 of the piperidine system.
The protons of two neighboring methylene groups of the heterocycle resonate at 1.76 (H-3, multiplet), 2.61
(H-2ax, triplet of doublets, °J 11.7, °J .7 Hz) and 2.99 (H-2eq, doublet, *J 13.7 Hz) ppm. Proton H-6 was
manifested by a one-proton doublet of doublets at 3.54 with *J 10.8 and *J 2.5 Hz. In the weak-field region of
the spectrum, protons of the pyridine cycle at 7.26 (H-11), 7.68 (H-12), 8.38 (H-10) and 8.50 (H-10) ppm
manifested themselves in the multiplet signals.
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In the case of the carbon spectrum of anabasine, a similar picture is noted — the signals of *C 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 ?C 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 (‘H-'H) (Fig. 7) and HMQC ('H-"C) (Fig. 8).

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

An insignificant strong-field shift was observed (Ad = —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 B-CD.

For 'H 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 (A6=+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).

Table 3
Chemical shifts NMR 'H and *C 3 and B-CD in the free state and as part of complex 7
Group The value of 9, The value of & Change in chemical shift
Atom number in the free state, ppm in the complex, ppm AS(6-8), ppm
CH, H | ErS H | ErS) H | Ers)
Anabasine
-CH,, 2.61 2.61 0

2 CH., 299 47.20 299 47.16 0 -0.04
3 -CH,- 1.76 25.97 1.75 25.95 -0.01 -0.02
4 -CH,- 1.45 25.51 1.44 25.48 -0.01 -0.03
5 -CH,- 1.38 35.24 1.37 35.21 -0.01 -0.03
6 >CH- 3.54 59.37 3.56 59.33 0.02 -0.06
7 >C= — 141.60 — 141.57 — -0.03
8 -CH=N 8.50 148.26 8.49 148.28 -0.01 0.02
10 -CH=N 8.38 148.62 8.38 148.62 0 0

11 -CH= 7.26 123.66 7.27 123.70 0.01 0.04
12 -CH= 7.68 134.52 7.68 134.66 0 0.14

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.66 0.02 0.23
2 >CH- 3.27 72.87 3.30 72.96 0.03 0.09
3 >CH- 3.49 73.54 3.61 73.68 0.12 0.14
4 >CH- 3.30 82.00 3.34 82.16 0.04 0.16
5 >CH- 3.45 72.52 3.56 72.65 0.11 0.13
6 -CH,- 3.57 60.40 3.63 60.57 0.06 0.17
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Based on the values of the integral intensities of the signals of the protons of CD, consisting of seven
glucopyranose units and 6—7 water molecules released during complexation, it can be assumed that one mol-
ecule 3 is inserted into the internal cavity of one -CD molecule with the piperidine fragment of the substrate
entering the internal cavity of the receptor (Scheme 3):

Scheme 3. The formation of the inclusion complex 3 with f-CD

The cytisine 4 alkaloid in the low-field part of the proton spectrum exhibits two doublet at 6.00 (1H,
H-5,°J 6.8 Hz) and 6.16 (1H, H-3, °J 6.8 Hz) ppm and one triplet signal at 7.27 (1H, H-4, °J 6.8 Hz) of the
pyridine core. In the area of 3.63-3.80 ppm (2H) the resonances of the protons H-10ax and H-10eq are not-
ed, and the signal of the axial proton is shifted to the strong-field part of the spectrum. Four protons H-11,
11, 13, 13 methylene groups associated with the NH-group, and the methine proton H-7 give signals in the
range of 2.73-2.90 ppm (5H), splitting under the influence of neighboring atoms into triplets and a multiplet,
respectively. Widened singlet signals in the high-field part of the spectrum at 1.77 (2H) and 2.20 (1H) ppm
correspond to protons H-8 and H-9.

Analysis of the DEPT format spectra indicated the presence of four CH,-signals and five CH-group sig-
nals in the carbon spectrum. Spectra at 139.19, 115.60 and 104.36 ppm correspond to the C-4, C-3 and C-5
atoms of the methine groups of the a-pyridine system. Two other signals of tertiary carbon atoms appear in
the region of 35.33 and 27.75 ppm and are due to C-7 and C-9 atoms, respectively.

The signals of the methylene groups of the bicyclic system appeared at 26.41 (C-8), 49.98 (C-10),
53.16 (C-11) and 54.07 (C-13) ppm. In the weakest field at 152.95 and 162.85 ppm low-intensity signals of
quaternary carbon atoms C-6 and C-2, respectively, appear.

The results of the analysis of two-dimensional spectra in the formats COSY (‘H-'H), TOCSY (‘H-'H)
and HMQC ('H-"C) indicating homo- and heteronuclear interactions in molecule 4 are presented in the dia-
grams below (Fig. 9-11).

Figure 9. Scheme of the COSY Figure 10. Scheme of TOCSY Figure 11. Scheme of HMQC
(‘H-"H) correlations in molecule 4 (‘H-"H) correlations in molecule 4 (‘H-"C) correlations in molecule 4
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According to Table 4, it can be noted that all protons of the glucopyranose -CDA link in the complex
are shifted towards a weaker field compared to similar protons of the individual receptor, with the largest
difference in chemical shift values (AS('H)=0.15 m.e.) are observed in the protons of the internal cavity of
the toroidal molecule H-3 and H-5. That serves as evidence of the formation of an inclusion complex 8.
Comparison of the proton integral intensities of the substrate and receptor indicate the formation of a
supramolecular complex of 1:1 composition (Scheme 4).

Table 4
Chemical shifts NMR 'H and *C 4 and B-CD in the free state and as part of complex 8
Group The value of 9, The value of & Change in chemical shift
Atom number in the free state, ppm in the complex, ppm AS(6-8), ppm
CH, H | ErS H | k1S H | k1S
Cytisine

2 >C=0 — 162.85 — 162.92 — 0.07
3 =CH- 6.16 115.60 6.17 115.62 0.01 0.02
4 =CH- 7.27 139.19 7.28 139.27 0.01 0.08
5 =CH- 6.00 104.36 6.01 104.51 0.01 0.15
6 >C= — 152.95 — 152.89 — -0.06
7 >CH- 2.76 35.33 2.76 35.27 0 -0.06
8 -CH,- 1.77 26.41 1.78 26.35 0.01 -0.06
9 >CH- 2.20 27.75 2.21 27.69 0.01 -0.06
10 -CH,- 3.76 49.98 3.76 49.98 0 0

11 -CH,- 2.84 53.16 2.86 53.08 0.02 -0.08
13 -CH,- 2.80 54.07 2.81 54.01 0.01 -0.06

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.49 0.02 0.06
2 >CH- 3.27 72.87 3.29 72.97 0.02 0.10
3 >CH- 3.45 73.54 3.60 73.60 0.15 0.06
4 >CH- 3.30 82.00 3.31 82.12 0.01 0.12
5 >CH- 3.45 72.52 3.60 72.59 0.15 0.07
6 -CH,- 3.57 60.40 3.62 60.49 0.05 0.09

Scheme 4. The formation of the inclusion complex 4 with -CD

Conclusions

From the above results, it follows that all the alkaloids studied enter supramolecular self-assembly with
B-cyclodextrin with the formation of 1:1 inclusion complexes with the occurrence of the hydrophobic part of
substrates in the inner region of the receptor. This will increase the solubility of substrates in water. The re-
sulting supra complexes of alkaloids are essentially nanocomplexes of the latter and can be further imple-
mented in nanomedicine.
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IlceBno3dpenpun, 1ynuHuH, aHada3uH
7K9HE HIMTH3NHHIH B-IUKI0AeKCTPMHMEH CYNPaMOJIeKYJIATbIK KOCBLIY
kemeHaepin AMP cnekTpockonus diciMeH 3epTrey

Bipemuemai 'H, *C, DEPT sxone exiemmemai COSY (‘H-"H), HMQC (‘H-'3C) sone TOCSY (‘H-'H) SIMP
CIIEKTPOCKOIHUSIIAPBI 9iCTepi apKbUIbI IIceBAO3(EAPHH, JIYIIMHUH, aHA0a3MH KOHE LIUTH3UH AJIKAJIOUITapHI,
COHBIMEH KaTap KypaMbIHJa LUKJIIBIK MOJIMCaxapuibl 0ap B-IMKIOJEKCTPUH KOCBUTY KEIICHAEpi 3epTTel.
3epTTeNin OTHIPFaH AIKaJIOWA MOJICKYJaJapblHIarbl MPOTOHAAPMEH YII OaiijaHbICc apKbUIbl OipiKKeH
MPOTOHIAPBIH Koppessiiust chizbacs sxorne COSY ('H-'H) xone HMQC (‘H-"C) 6ip GaitnanbicTs kemipTex
aToOMJIapbl IPOTOHIAPBIHBIH KOPPEISLMACH KEATIPUIreH. 3epTTEIil OThIPFaH alKaJIOMATap bl CONKECTEHIIPY
kesinge COSY (‘H-"H), HMQC ('H-"°C) sxoune TOCSY ('H-'H) exiomuemsi ClekTpocKomus MyMKiHIIKTEpi
LMKJIAIK TIOJMCAXapuAThl PELEenTopbl Oap CympaMoJeKyNalblK ©3iK JKUHAKTaJFaH CyOCTpaTTaplblH
KYPBUTBIMEIH IYPhIC Opi HAKTHI COfkecTeHmipyre MyMKiHaik 6epai. Consiven katap COSY (‘H-'H) sxome
HMQC ('H-"C) SMP-ThIH roMo- XOHE TIeTepOSAPONEl KOPPENALMSACH P-LHKIONSKCTPHH LMKIIIK
HOJIMCAXapUITBIH ~ KYPBUIBIMBI MEH KYpPBUIBICBIH COHKECTEHAIpyre JkKoHE pacTayFa  KOJJAaHbBLIJbL.
[ceBnoadenpuH, TynuHUH, aHA0a31H, [IUTH3KH, B-IIMKIOISKCTPUHHIH KSHE OJapblH KOCBUTY KEIICHICPiHIH
SIMP cniexTpiiepiHe caibICThIpMaibl Tangay kyprisinai. IlceBmosdenpun, mynuHuH, aHaGaswH, IUTH3HH,
B-LIMKIIOEKCTPHHHIH JKOHE 0JapIbIH KOckuly keirenaepingeri 'H xone *C saponapasie XMMHUSUIBIK KEUDKY
MoHJepiHiH e3repyi ampikranmsl. SIMP 'H chexTpriepinieri cy6CTpaT IeH peLENTOPIBIH IIPOTOHIBIK
HHTETPANIBIK KapKbIH/BUIBIKTAPBIHBIH MOHI OOMBIHIIA 3epTTeNiNn OThIpFaH MceBA03(dEIpHH, JyIHHHH,
aHaba3WH »JKOHE LHUTH3MHHIH [-UHUKIOAEKCTPUHMEH CyNPaMOJIEKyJIalblK opekerTecyi Mosekyna |
ruapadoOThI HparMeHTIHIH PEeLenTop MOJICKyIachiHbIH | ilIKi KybIChIHA EHYIMEH XKYpei.

Kinm ces30ep: ncepnoadenput, JynuHUH, aHaba3uWH, UUTU3UH, B-IUKIOJCKCTPUH, KOChUTy KerieHi, SIMP
CIIEKTPOCKOIHUSCHI.

O.A. Hypkenos, T.M. Ceitnxanos, C./]. ®a3buioB,
A XK. Ucaesa, O.T. Ceiinxanosn, JI.M. Bnacosa

HccaenoBanmne cynpamosieKyJAPHbIX KOMILJIEKCOB BKJIKYECHUS
ncesa03¢eapuHa, TJyNMHNHA, AaHA0A3UHA U UUTU3HHA
¢ P-UMKJI0AEKCTPUHOM MeTOA0M cnieKTpockonuu SIMP

Merogamu SIMP ommomeproii 'H, *C u DEPT n geymepHoii crextpockomrn COSY (‘H-'H), HMQC
(‘H-C) u TOCSY ('H-'H) nccnenoBanbl ankanommp nceo3¢epyH, JTyNUHUH, aHa0a3uH U IUTU3UH, a
TaKXkKe HX CyNpPaMOJICKYJSIPHbIC KOMIUIEKCHI BKJIIOYEHMS C LUKIMYECKHM IIOJMCAXapUIOM [-LUKIOACK-
ctpuHoM. [IpencraBieHs! cXeMbl KOPPEIALIH IIPOTOHOB C IPOTOHAMH Yepe3 TPH CBSI3H M CXEMbI KOPpeJISInit
IIPOTOHOB C YIJIEPOAHBIMH aTOMaMH uepe3 onHy cBask COSY ('H-'H) u HMQC ('H-"C) B monekymax uc-
ClleyeMbIX ankatounoB. Mcronp3oBaHue IpH HACHTU(GHKAINN HM3y4aeMbIX aJKaJOHJOB BO3MOXKHOCTEH
nBymepHoii cnekrpockommu COSY ('H-'H), HMQC (‘H-"*C) u TOCSY ('H-'H) no3Bonuino npaBuibHO 1
OJIHO3HAYHO HJICHTU(HUIUPOBATH CTPOCHUE CYOCTPATOB CYNPAMOJICKYJSPHONH CaMOCOOPKH € LUKINYECKHM
ToTHCAXapuAHBIM perertopoM. [oMosmepHas i reteposaepHas koppensuus SMP COSY (‘H-'H) u HMQC
("H-"*C) npumenena Takoke M1 HICHTHGHKALME ¥ TOATBEPIKACHHS CTPOCHHS M CTPYKTYPBI LIHKIHUCCKOTO
HoJsicaxapua B-UUKI0eKCTpUHA. bbuiM onpenesieHbl XUMHYECKHE CABUIHM alnu(aTHuecKuX U THIPOKCHIIb-
HBIX TIPOTOHOB BHYTPEHHEH M BHEIIHEH MMOBEPXHOCTH penenrtopa. [IpoBeneH CpaBHUTENBHBIN aHAIN3 CHEK-
tpos SIMP 'H u "°C ncesnosdenpuna, nynuHuHa, aHa0a3uHa U MUTH3HHA, B-LUKIONEKCTPHHA M HX CYIpa-
MOJIEKYISPHBIX KOMIUIEKCOB BK/IOUeHHs. Ope/ie/eHbl H3MEHEH s 3HAUYECHHI XHMUUYECKUX CIBUIOB snep 'H
u C ncepnosdenpuna, nynuHuMHA, aHaGa3MHA M LUTH3MHA, 3 TAKKE P-UMKIOJEKCTPHHA B KOMILIEKCAX
BKmMo4eHus. [lo BelnurHe NIPOTOHHBIX MHTETPAlIbHBIX HHTEHCHBHOCTEN CyOCTparTa U perenTopa B CIeKTpax
'H SIMP 6b110 OTPEeNeNICHO, YTO CYNPaMOJIEKYJIIpHOE B3aUMOAEHCTBHE UCCIEAYyEeMBIX NceBRo3(eapuna, y-
NHUHUHA, aHaba3WHa ¥ HUTU3UHA C B-IMKIOASKCTPUHOM COIIPOBOXKAACTCS BXOXKICHHEM I'uApodoOHbIX (ppar-
MEHTOB | MOJIeKyIbl cyOcTpaTa BO BHYTPEHHIOIO MOJIOCTh | MOJIEKYJIBI peLienTopa.

Kniouesvie cnosa: niceBrnosenpuH, TynuHAH, aHA0A3UH, IUTH3UH, B-IIMKIOEKCTPUH, KOMIIIEKCH! BKIIIOUE-
Hus, cnekrpockonus AMP.
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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 a-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, 4. 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™).

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, a-bisabolol and oxides, farnesene, y-gurjunene, y-muurolene and chamazulene) are the main com-
ponents of Achillea’s essential oils [10].

The component composition and antimicrobial activity of essential oil of 4. 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 %), a-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 4. 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 4. 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 x 0.25 um, sam-
ple volume: 1.0 pl, carrier gas — He, carrier gas speed: 1 ml min™, split ratio 1:25, temperature of column:
40 °C, rise of 2 °C min™ to 280 °C, temperature of evaporator — 280 °C, mass spectrometric detection: tem-
perature — 240 °C, 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 A4. salicifolia contains o-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.

Achillea salicifolia in hexane , 17-Nov-2017 + 15:32:32
Achillea salicifolia hexane3 Scan El+
100+ 23.41 TIC
6.89€9
17.14
23.19
%_
12,93 212 2942
10.46 30.65 38.38
0 JT Ldill = ﬂ J“‘l lllJ{I |ﬂl T ot |514L-2.: 5 o T T T T T 4 T T T T Time
12.30 22.30 32.30 42.30 52.30 62.30 72.30 82.30 92.30  102.30 11230
Figure 1. Chromotogram of GC/MS experiment of the essential oil of 4. salicifolia
Table 1
Component composition of essential oil of A. salicifolia
Ry Reae Compound Area, % Ry R Compound Area, %
1 2 3 4 5 6 7 8
800+2 797 |n-Hexanal 0.1 116742 1160 |Borneol 1.1
821 842 |Cyclopropane, 0.3 1177£2 1170 |Terpinen-4-ol 5.3
1,1-dimethyl-2-(2-methyl-
2-propenyl)-
92942 919 |a-Thujene 0.2 | 1190#N/A | 1171 |a-Thujenal 0.2
929+7 925 |o-Pinene 0.7 119343 1181 |Myrtenal 0.1
952+2 939 |Camphene 0.5 118942 1183 |a-Terpineol 0.9
962+3 950 |Benzaldehyde 0.1 1208+3 1197 |trans-Piperitol 0.2
97442 963 |Sabinene 3.1 1239+3 1228 |p-Isopropylbenzaldehyde 0.2
943 966 |B-Pinene 0.3 128543 1275 |Bornyl acetate 1.5
991+2 980 |2,3-Dehydro-1,8-cineole 0.2 1297+4N/A | 1283 |trans-Sabinyl acetate 0.5
1017£2 1009 |o-Terpinene 1.2 1357£3 1343 |Eugenol 0.1
102542 1016 |p-Cymene 1.2 141943 1405 |Caryophyllene 0.2
1032+2 1023 |1,8-Cineole 11.0 1457+2 1445 |(E)-B-Famesene 0.6
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Continuation of Table 1

1 2 3 4 5 6 7 8
1060+3 1050 |y-Terpinene 1.9 1481+3 1462 |Germacrene D 0.7
1070+4 1063 |cis-Sabinene hydrate 1.6 1471424 | 1475 |Elixene 0.1
108842 1078 |Terpinolene 0.4 1509+3 1491 |B-Bisabolene 0.1
110342 1104 |o-Thujone 43.0 1569 iu 1552 |Longipinocarvone 0.2
110742 1108 [2-Methylbutyl isovalerate | 0.2 157642 1557 |Spathulenol 0.1
1103£2 1112 |a-Thujone 5.3 1581+2 1561 |Caryophyllene oxide 0.3
112243 1117 |cis-2-Menthenol 0.4 1637+4 1623 |Caryophylladienol 11 0.2
113942 1130 |trans-Pinocarveol 0.3 1649+2 1641 |B-Eudesmol 0.3
114340 1132 |cis-Sabinol 0.2 | 1695+N/A | 1674 |(IR,7S, E)-T-Isopropyl-4,10- 0.1

dimethylenecyclodec-5-enol
114349 1136 |Camphor 5.3 2092+4 2087 |Methyl linoleate 0.2
1164+N/A | 1150 |[Pinocarvone 0.3 20917 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:

ARA (%) = (4o — A4;) / A *100 %,
where A, — is optical density of control; A, — 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).

Table2
The change in optical density depending on the concentration

Values of optical density depending on concentration, mg-ml”
Mo Sample 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
Table 3
Antiradical activity of essential oil in various concentrations, %
No Sample The concentrations of essential oil, mg-ml”
P 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 ul of seawater. Dead larvae
were counted under a microscope. 10 pl of dimethylsulfoxide solution per 10 mg-ml" 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)/Zx*x100 %,
where 4 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.

Table 4
The cytotoxic activity of essential oils of A. salicifolia
The amount of The amount of larvae ina | The amount of The
larvae in the .. The amount of
sample surviving L Mortal- | percentage of
Parallel control . surviving larvae |. =
larvae in the in sample. % ity, P,% | neurotoxicity,
sur- died sur- died |paralyzed| control, % pie, 7o %
vivors vivors
10 mg-ml”'
1 24 1 0 24 0
2 26 2 0 26 0
3 23 0 0 28 0 %6 0 %6 0
Average | 24 1 0 26 0
5 mg-ml’
1 24 1 0 26 0
2 26 2 0 23 0
3 23 0 0 32 0 %6 0 %6 0
Average | 24 1 0 27 0
1 mg-ml’
1 24 1 0 21 0
2 26 2 0 27 0
3 23 0 0 27 0 %6 0 %6 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™.
The final concentration was varied from 2.5 mg-ml" till 0.2 mg-ml' for bacterial strains and from
1.25 mg-ml™ till 0.1 mg ml™' for Candida albicans. The lowest concentration that inhibits growth was deter-
mined as MIC value.

Table 5
Antimicrobial activity of essential oil of A. salicifolia, mg-ml’
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”, against gram-negative 0.63 mg-ml" and 0.31 mg-ml™ against Candida albicans SC
5314 respectively. Thus, the essential oil was effective against Candida albicans SC 5314 (0.31 mg-ml™).
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Conclusions

We have investigated the chemical composition, antiradical, cytotoxic and antimicrobial activities of
the essential oil of 4. 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 a-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-cinecole — 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 %, o-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™) and gram-negative (MIC — 0.63 mg-ml™") bacterial strains and significant effective against
Candida albicans SC 5314 (MIC — 0.31 mg-ml™) 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 4. 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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E.M. Cyneiimen, A.I1I. Kanxxakcuna, M.}O. Nmmyparosa

Achillea salicifolia Besser 3(pup MaiibIHbIH KOMIIOHEHTTIK KYpaMbl
’KOHE OHbIH OMOJIOTHSIIBIK OeJICeHaTiri

Maxkanana Achilllea salicifolia Besser (Asteraceae TYKpIMIACTBIFBI) ©CIMIIri 3(HUp MalbIHBIH KOMIIOHEHTTIK
KYpaMbl jKoHE OHONOTHSIBIK OeICeHIUTITiHIH 3epTTey HoTIKeepi kenripinreH. Achilllea salicifolia Besser
ecimMIiK IIMKi3aThl Tyiaaeny keseHinge Kazakcran PecrybaukachiHbIH AKMONIa 0OJBICHIHIA XKUHATFAH. DHp
Maibl CyNbl OUCTWLIALHUS dficiMeH anbiHAbl, WbIFbIMBL 0,34 % Kypaasl. Dup MailbIHBIH KOMIIOHEHTTIK
kypambl Clarus-SQ 8 (PerkinElmer) macc-crieKTpOMETPHUSUIBIK JETEKTOPBIMEH KaMTBUIFaH Xpomarorpad
keMeriMeH aHbIKTanraH. COHbIMEH KaTap 3(up Maiibl pajuKalFa, MUKPOOKa KapChl )KOHE ILUTOYBITTHUIBIK
Oencenpiniri 3eprrennmi. J¢up MaWbBIHBIH IUTOYBITTBUIBIK OeJCeHAUNri Artemia salina nepHacinpepinne
aHbIKTaNABl. Pagukanra kapcel Oesncenainiri 2,2-mudeHu- 1 -MUKpUIrHapasui 3aTblHa KaThICTHI 3€PTTENI],
CaJIBICTBIPY PEAreHTi PEeTiHAEe Tajul KBIIIKbUIBI KOHE OYTHIITHIPOKCHAHU30JI KOJIIaHbUIIbl. MHUKPOOKa Kapchl
OeJCeHUIIK YII TYpii maTtoreHai Gakrepusiapra: rpaMoH — Staphylococcus aureus 6532, Bacillus cereus;
rpamrepic — Salmonella enteridis xone Candida albicans SC5314 konmaHa aHBIKTaJIbL 3epTTeyliep
HoTwxkecinne Achilllea salicifolia Besser 3¢up MaibIHbIH Herisri koMnoHeHtrepi (47 kommoneHt) 91,2 %
KypaiTeiH, TyioH (43,0 %), 1,8-muneon (11,0 %), repnunen-4-ox (5,3 %), kamdpopa (5,3 %) xoHe cabuHEH
(3,1 %) Gonzbl. Dup MalbIHHBIH Artemia salina nepHaCciIEpiHEe KaTHICTBI OAPJIBIK ChIHAJFAH KOHIIEHTPALHs
monzepinze (1-10 Mr-Mr") JOFaphI yIBUIBIK XOHE TOMEH PaIUKAIFa Kapchl OENCEHILTIKTI KOPCETTi.

Kinm cesoep: Achillea salicifolia Besser, a¢up Maiibl, ra3 xpomarorpadusi—Macc-CleKTpoOMeTpHsi, MUKpOOKa
Kapchl, IHTOYBITTBUIBIK JKOHE paIMKaJFa Kapcel Oencenminikrep, Artemia salina, 2,2-nudenmn-1-
TTUKPIITHIPA3HIL.

E.M. Cyneiimen, A 1. J)Kanxakcuna, M.1O. MumypaTtosa

KomnoneHTHBIN cocTaB 3¢pupHOro macaa Achillea salicifolia Besser
M ero 0H0JI0rHYecKasi aKTUBHOCTD

B cratee naHBl pe3yibTaTHl UCCIIENOBAHMS KOMIIOHEHTHOTO COCTaBa M OHOJIOTHYECKOH aKTHBHOCTU
a¢uproro macna Achilllea salicifolia Besser (cemeiicTBa Asteraceae). PactutensHoe celpbe ObIIO COOpaHO B
Tepros LBeTeHHs: B AKMOJHMHCKON oGmactu PecryOomukm Kasaxcran. DdupHOoe Macio OBUIO IOIIydeHO
METOJIOM THAPOANUCTHIULIINY, BhIX0J npoaykra coctaBmi 0,34 %. KoMnoHeHTHBII cocTaB 3(upHOrO Macia
U3y4eH ¢ IOMOLIbI0 ra30Boro xpomarorpada ¢ Macc-criekrpomerpuueckum gerekropom Clarus-SQ 8 (Perkin
Elmer). Taxoxe Obuta M3y4eHa aHTHPaJUKaIbHAs, aHTHMUKPOOHAS M IUTOTOKCHYECKAasi aKTUBHOCTD 3(HPHOTO
Mmacna. OmnpeneneHHe aHTHPAAMKAIBHOM aKTMBHOCTH 3(GHPHOrO Macia IMPOBOAMIM IO OTHOIIEHUIO K
2,2-mudenn- 1 -nuKpuiIrnapasmily, B KauecTBe peareHTa CPaBHEHUS MCIIONB30BAIM TAJUIOBYIO KHCIOTY M
OyTmiruapokcuann3on. [lurorokcnueckass akTHBHOCTh MPOBEAEHA C MCIONB30BaHUEM TeCTa Ha JIMYMHKAX
paukoB Artemia salina. AHTUMHUKPOOHYIO aKTHBHOCTH 3()MPHOTO Macia OLCHUBAIM INPOTUB TPEX BHIOB
MAaTOTeHHBIX OaKTepHil: TpaMIoNIOXHTENbHBIe — Staphylococcus aureus 6532, Bacillus cereus,
rpamotpurarensusle — Salmonella enteridis w Candida albicans SC5314. B pe3ynbrare NpoBEeJEHHBIX
HCCIENOBAaHUM YCTAaHOBJIEHO, YTO OCHOBHBIMH KOMIIOHEHTaMH »3(upHOro Macia (47 KOMIIOHEHTOB,
cocrapistomux 91.2 %), Opum o-TyitoH (43.0 %), 1.8-tmuueon (11.0 %), tepnunen-4-on (5.3 %), xkamdopa
(5.3 %) u cadunen (3.1 %). DdbupHoe macno Achilllea salicifolia Besser mposBIIsET JETANbHYI0 TOKCHYHOCTD
B OTHOILEHWU JIMYUHOK Artemia salina BO BceX HCIBITAaHHBIX KOHUeHTpauusx (1-10 Mr~Mn‘1) u oOJamaer
HU3KON aHTUPAIUKaIbHON aKTUBHOCTBIO.

Kniouesvie cnoea: Achillea salicifolia Besser, s¢upHOe Macimo, ras3oBas Xpomarorpadus—macc-
CIIEKTPOMETpUS, aHTUMUKPOOHAs, HUTOTOKCHYECKass WM aHTUpaJUKalIbHas aKTHBHOCTH, Artemia salina,
2,2-nu¢eHn- | -IUKpHITHAPasHIL.
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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 6.110.1. 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 Agl 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

'H NMR spectra of AMPS-APTAC in D,O 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 (M,, and M,)) 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 pL. The viscosity of
polymers was measured on Ubbelohde viscometer at 2510.1 °C. The average hydrodynamic size and zeta-
potential of AMPS-APTAC copolymers were determined with the help of Zetasizer Nano ZS90 (Malvern,
UK) at 30 °C. TGA and DSC measurements were performed on «KLABSYS evo» (Setaram, France) at heat-
ing rate 10 °C/min. Ionic strength of the solution was adjusted by reagent grade KCI. The pH of the solution
was regulated by adding of 0.1M HCI 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 °C 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).

c=0 c=0
| | APS c=0 c=0
NH NH . |
SoHy,  CHs -
| ] C(CHy), (CH2)s

CH, NCHz);  _M

(€] @ (€]
SO; Na Cl cl

3 50 | 50 $0° Na®

AMPS APTAC 75 | 25

Figure 1. Polymerization protocol of AMPS and APTAC

The obtained copolymers were dissolved in distilled water, dialyzed against deionized water and freeze-
dried. "H NMR spectra of AMPS-75, AMPS-50 and AMPS-25 in D,O are shown in Figure 2.
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Figure 2. "H NMR spectra of AMPS-50 (1), AMPS-75 (2) and AMPS-25 (3), in D,O

The molar composition of AMPS-APTAC copolymers was estimated from the integral peaks of methyl
groups (a, a’ and b, b’, b’’) that belong to each monomer as shown in Table 1.

Table 1
Theoretical and experimentally found molar composition of AMPS-APTAC copolymers
Molar composition of [AMPS]:[APTAC], mol/mol
No. samples Theoretically Experimentally found from
prescribed 'H NMR spectra
1 75:25 72:28
50:50 53:47
3 25:75 25:75

FTIR spectrum of AMPS-50 together with identification of characteristic bands of functional groups of
AMPS-25 and AMPS-75 are presented in Figure 3 and Table 2.

0,047 1186
APTAC-AMPSNa 1:1 linear 1650 1204
0.022-
0.020-
0.018-
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Figure 3. FTIR spectrum of AMPS-50

Table 2
Identification of FTIR spectra of AMPS-25, AMPS-50 and AMPS-75
. v(CONH) v(CONH) _
Functional groups v(NH) v(CH) Amide I, Amide I1, S(CH) v(S=0)
Band assignments, cm’ 3434, 3304 2934 1650 1548 1186, 1204 1039

Thus, both '"H NMR and FTIR spectra confirm the compositional closeness of copolymers to that of the
monomer feed indicating the formation of homogeneous AMPS-APTAC copolymers in the course of radical
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polymerization. The conversion of AMPS-APTAC copolymers found from "H NMR spectra exceeded 80 %.
The weight-average molecular weight (M,,), the number-average molecular weight (M,,), and z-average mo-
lecular weight (M,) together with polydispersity index (PDI) of the AMPS-APTAC copolymers according to

GPC measurements are summarized in Table 3.

Table 3
The molecular weights and PDI of AMPS-APTAC copolymers
Copolymers | M,-10° | M,10° | M,10° 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 (1) expressed as mol-L" of KCl is demonstrated in Figures 4—6.
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Figure 4. Concentration dependence
of the reduced viscosity of AMPS-25
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Figure 7. Dependence of the intrinsic viscosity
of AMPSNa-APTAC copolymers on the ionic
strength of the solution adjusted by KCl
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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
«shelly» 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 i > 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 u=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).

AMPS-25, Z = +50

lonic strength increasing
—_—

Shrinking

lonic strength increasing
—_—

E = region Shrinking

.
.
LTI

AMPS-50,Z=0

lonic strength increasing
—_—
Swelling

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.

Table 4
Intrinsic viscosities of AMPS-APTAC copolymers in dependence of the ionic strength
Intrinsic viscosity, dL-g!
Copolymers Ionic strength, KCI mol-L"!
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 (» = ~25-50 nm), 3) dense coil (» = ~100 nm), and 4) low-dense coil
(r= ~200-500 nm). Radial distribution of macromolecular chains may have whole-number values
ri:ryrsirga= 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).

- rqhanoscale dense globule ~5-10 nm
r, nanoscale low-dense globule ~ 25-50 nm
—> rz hanoscale dense coil ~ 100nm
—— 4 low dense coil ~200- 500 nm

Figure 10. Proposed structure and proposed size Figure 11. Cross-sectional FE-SEM image of
of quenched polyampholytes in aqueous solution poly(NaSS-co-MPTC) at 20 °C [23]
at the isoelectric point (IEP)

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 °C is due to loosing of the humidity. Intensive mass loose of samples starts at the inter-
val of temperature 308—332 °C. It is connected with thermal decomposition of polymers.

120
100 - 10
80

T -8
2 60 o
g E
(O]
8 404 =
6
20
0 4
-20 4+——

T T T T T T T T T T T T v T T
0 50 100 150 200 250 300 350 400 450
Temperature, °c

Figure 11. TG (1-3) and DSC (1a-3a) curves of AMPS-50 (1), AMPS-75 (2), AMPS-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 KCI. 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™ 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 6.310.2. In the pres-
ence of KCI 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 °C.
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I'. Teneyraii, A.B. llaxBopoctos, C.K. Kabapaxmanosa, C.E. Kynaiibeprenos

Quenched, Hemece KyLITI 3apaATAIFaH, N0JAMaM(OJIUTTEPAIH
CyJbI-TY3/Ibl epiTiHaineri KacueTi

Panukanast conmonuMepiiey 9/1ici KOMEriMeH OH JKoHE TepiC 3apsiITalFraH MOHOMEpJIep HaTpuil 2-aKpuiiaMuI-
2-metui- 1 -nponancynb(oH KblIKeIbl (AMPS) sxoHe (3-akpriiaMUIOTPOIIHII)YIIMETHIAMMOHHMI XJIOPHUII
(APTAC) Heri3iHne ChI3bIKTHI MOIHAaM(OIUTTED CHHTE3MCIII, OJapIblH CYJbI-TY3/bl epiTiHaizeri ¢pusuka-
XUMUSUTBIK KacueTi 3eprrenai. Ter emec (AMPS-25 xome AMPS-75) xone TeH (AMPS-50) karbiHacta
anpiaran quenched nomuampomurrep 'H SIMP- sxone MK-CHEKTPOCKOMHS, TPMOIPABUMETPHAIBIK TALIAY,
T hepeHIHAIBI-CKAHUPIICYII  KaJIOPUMETPHUsT  9NIiCTepPIMCH CHIATTAJbII, OJAPIBIH TYTKBIPJIBIKTaphI
anplkranael. Quenched mommamgommtrep m3o0dnektpiik Hykre (MOH) >xarmaiiiama KymTi 3apsiaTanraH
AHUOH/IBI XKOHE KaTHOHAB!I (hparMeHTTEp apachIHAAFbl HOHAPAJIBIK OaillaHbIC KOMETIMEH TYpaKTalaThIHIbIFbI
seprrenai. Cynsl epitinaizeri AMPS-25 xone AMPS-75 koH(bOpMaLUSIIBIK JKaFAARbL «IAPOY KIHE «KAOBIK)»
KYpBUIBIMBIHAH Typansl. byHna «inpo» xabarmacel nonuamdonutrik cunarra (ITA aiimax) 6osca, «KaObIK»
Kabatmracsl monmaeKTposutTik 3¢ dexr (I3 aiimak) kepcererini Oenrini 60abl. EpTiHAIHIH HOHIBIK KYIIiH
apTTHIPY TMOJMAJIEKTPOJIUTTIH «KAOBIK» KaOaTIIACHIHBIH KBICBUIYBIHA, al «IApO» KaOaTIIACHIHBIH ICiHYyiHE
OKeJeTIH/Ir aHBIKTAIAbL. 3apsarapsl TeH emec AMPS-25 sxone AMPS-75-ke kaparanpma, 3apsaTapbl TeH
KateiHacTarbl moimamdorut AMPS-50-tiH UOH-nmeri ruapoaMHAMUKANBIK ©JIIEMi CPTIHAIHIH HOHIBIK
KYIIIH apTTBIPFaHfAQ o©cCill, aHTHIOIMAJICKTPOJIUTTIK cumatka ue Oomamel. Cynsl eprinaimeri quenched
nonmuamoonuttiy UOH-ci pH=6,1+0,1 Ten. KCIl xarbicbinga UOH quenched nonmambonutreri teprTik
aMMOHHI TOOBIHBIH XJIOpUA HOHIAapAbl Oaitmanyel HoTmKeciHme pH=6,5-7,0 apajbIFblHa BIFBICATHIH/IBIFbI
Oenrini 00asL.

Kinm  coe30ep: quenched mnomumamdonutTep, H302MEKTPIIK HYKTE, THIPOAMHAMHKAIBIK  OJILIEM,
MONUINEKTPOIUTIMIIK KEIIeH, <1Ap0-KaObIK» KYPbLIbIM, IOIMaMGOIHUTTIK >KaFjald, MOJMIIEKTPOIUTTIK
JKaFIail, MOHIBIK KYIIL

I'. Toneyraii, A.B. IllaxBopocros, C.K. Kabnpaxmanoa, C.E. Kymaiibeprenon

IToBenenue quenched, NJIU CWIBHO 3apAKCHHbIX, l'lO.]'lI/laM(l)O.]'lI/lTOB
B BOJAHO-COJIEBBIX pacTBOpax

MeTtomoM CBOOOIHO-PAANKAIEHON COMOJUMEPHU3AIIMH CHHTE3UPOBaHbl quenched (M CHIBHO 3apsHKCHHBIC)
JMHEHHbIE MONNaM(OINTEl Ha OCHOBE OTPHLATEIBHO M MOJIOKUTENIBHO 3apsDKEHHBIX MOHOMEPOB —
HATPHEBOM CONM 2-aKpUiIaMUa0-2-MeTWI-l-nponancynsponoBoil kucnora (AMPS) u (3-akpunamuzno-
nporun) tpuMmermwiaMmmonuit xiopuna (APTAC) u uccnenoBansl ux (GU3UKO-XMMHIECKHE CBOHCTBA B BOIHO-
COJIEBBIX pacTBopax. Psn HecOamancupoBaHHEIX (AMPS-25 1 AMPS-75) u c6anancuposanaeix (AMPS-50)
quenched nonmam@onuToB oxapaxrepusosanbl Merogamu 'H SIMP- u MK-CHEKTPOCKOIHH, TEPMOIpPaBH-
METPHYECKOTO aHaln3a u T (epeHIIHAIFHO-CKaHUPYIOIEH KaJOPUMETPHH, a TaKXKe M3ydeHa UX BSI3KOCTb.
VYcranoeieHo, 4to B nzoanekrpudeckoit Touke (MOT) quenched monnampoanTsl cTabHUIM3UPYIOTCS C TOMO-
MIbI0 BHYTPUHOHHBIX KOHTAKTOB MEXIY CHIIBHO 3apsXKEHHBIMH aHHOHHBIMU M KaTHOHHBIMHU (pparMeHTaMu.
Kongopmannonunoe cocrositue AMPS-25 u AMPS-75 B BogHOM pacTBOpe MPEICTaBICHO KaK CTPYKTypa
«iapo» u «obonoukay. [Ipu sToM «siapo» umeer nonuambonuTHeii xapakrep (ITA o6iaacts), a «o6omoUKa»
TIPOSIBIISIET TOMHUICKTPONUTHEIA dddekt ([ID obmacts). [IoBbIIeHre HOHHON CHIIBI PacTBOpa IPHBOIUT K
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CKaTHIO «O00JIOUKM» MOJIUAJIEKTPOINTa U HaOyXaHMIO «inpa» nonuaMmdponura. B otnmuune or AMPS-25 u
AMPS-75, ruapoanHamudeckie pasmepsl coanancupoBanHoro noiuamponura AMPS-50 B UDT ysenuun-
BAIOTCSI TIPY MOBBIIIEHUH HOHHON CHIIBI pacTBOPA, IEMOHCTPUPYS aHMUNONUIIEKMPONUMHbIL XapaKTep. Yc-
TaHOBJIEHO, 4TO B BogHOM pactBope MOT quenched mommamdonuros nmetor pH=6,1+0,1. B npucyrcTBun
KCl nonoxenne DT cmemaerca no pH=6,5-7,0 u3-3a crienu¢puaeckoro CBSI3bIBAaHHS XJIOPHUJ-HOHOB YeT-
BEPTHYHBIMH aMMOHHEBBIMH TpynmaMu quenched monmmaM¢poinTos.

Knioueswie crosa: quenched momiam$oauTsl, H303I€KTpHUUECKask TOUKA, THIPOJMHAMUYECKUIT pa3Mep, BHYT-
PHITIOINAIEKTPOIUTHBIE KOMIUIEKCHI, CTPYKTYpa «Ap0-000J0YKa», MONHAM(PONUTHBIN PEXUM, MONUAIIEK-
TPOJIMTHBIA PEKUM, HOHHAS CUJIA.
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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°* M to 1.6:10™° M, the detection limit was 1.2:10™" 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 pg/l to 90 pg/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°° to 1.6-10°* M, the de-
tection limit was 1.2-10° 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 a-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.

O
O)J\ﬁ/CHs

Figure 1. The structural formula of carbaryl

The following reagents were used to study the electrochemical properties of carbaryl, namely sulfuric
acid H,SO, (Reahim, Russia), purified ethyl alcohol 96 % C,HsOH (Labtech, Russia), potassium chloride
KCI (Uralkali, Russia), sodium perchlorate NaClO, (Merk, Germany), carbaryl Ci,H;;NO, (Sigma-Aldrich,
USA), microcrystalline graphite (<20um, Sigma-Aldrich, USA), polystyrene (Sigma-Aldrich, USA), 1,2-
dichloroethane C,H,Cy, (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 cm’ of 1,2-dichloroethane. To create a homogeneous suspension, the mixture was vigorously
stirred for 3 minutes using an ElmySkyline shaker. 1 ul 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 v= 70 mV/s.
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Isolation of carbaryl in food

A weighed portion of crushed grain weighing 100 g was filled in with 200 cm® n-hexane and left over-
night with constant stirring under a fume hood. Then, the resulting mass was filtered into a vacuum cup,
washing the contents of the flask several times with n-hexane, 20 cm’ each. The filter was also washed with
n-hexane several times 15 cm’ each. The contents of the cup were left under a fume hood, to completely vo-
latilize the solvent at room temperature. To extract the carbaryl and remove impurities, 10 ml of 96 % etha-
nol was added to the dry residue and the residue was triturated with a glass rod. The resulting mixture was
filtered through a «Blue Ribbony filter paper. The filtrate was used to detect carbaryl.

The resulting sample was applied to a Sorbfil chromatographic (aluminum) plate. Chloroform (97.4 %)
was chosen as the mobile phase, which is not electrochemically active. The spots were dried in air, and then
the plate was introduced into the chamber for chromatography. Then the plate was removed from the cham-
ber, dried in air and irradiated with UV light. When the plate was irradiated with UV light, the spots acquired
ared color. R for carbaryl was 0.57, the time of chromatography was 3 hours.

Carbaryl was washed off by a method of washing a fixed spot of the development of a spot with ethyl
alcohol, in an amount of 3 cm’ in a glass container. The operation was repeated twice.

Results and Discussion

The voltammetric determination of carbaryl

When studying the electrochemical properties of carbaryl, cyclic voltammograms was recorded on dif-
ferent electrodes (carbon-containing, mercury-film, platinum, modified carbon-containing electrode with
carbon ink, impregnated graphite, impregnated graphite electrode, modified with carbon ink) under v=70
mV/s sodium perchlorate is in the background electrolyte. The analytical signal of carbaryl was detected on-
ly on the impregnated graphite electrode in the anodic region of the potentials -2.5V to +2.5V (Fig. 2). When
carbon ink was applied to the surface of an impregnated graphite electrode, the sensitivity of the determina-
tion of carbaryl in model solutions increased 10 fold.

Figure 2 shows voltammograms of carbaryl oxidation (concentration 0.4-10"° M) on unmodified and
modified graphite carbon ink in electrodes (Fig. 2a) and the range of linear dependence of the oxidation cur-
rent on the concentration of carbaryl (Fig. 2b), which amounted to 0-10® to 1.6-10™° M.

4.2 9
3 8 ¥=4.8546x-0,2707
3.4 7 R*=0,9975
L 6
: L e
i g
=} Z 3
% 3 2 *1
. m2
0
0 0,5 1 1,5 2
carbaryl concentration -10-3M
-1.5 -1.0 0.5 0.0 0.5 1.0 1.3
1 — background curve of sodium perchlorate alcohol 1 — unmodified graphite electrode;
solution 0.1 M; 2 — carbaryl (0.4-10"* M) on the 2 — carbon graphite-modified carbon ink
unmodified graphite electrode; 3 — carbaryl (0.4-10 M) ' '
on a graphite electrode modified with carbon ink Figure 2b. Linear dependence of the carbaryl
oxidation current in the concentration
Figure 2a. Anodic voltam mograms of carbaryl range from 0-10 * to 1.6-10 *M

According to the literature data, the electrochemical oxidation of carbaryl can occur through the oxida-
tion of a carbamate group [7]. The modification of an impregnated graphite electrode with carbon ink leads
to the sensitivity increase of carbaryl determination in model solutions due to the possible increase in the ar-
ea of the electroactive surface of the electrode. A standard technique for evaluating the effectiveness of an
electrode modifier is the usage of redox [Fe(CN)s]*/[Fe(CN)]* as a standard (Fig. 3).
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Figure 3. Cyclic voltammograms 1:10* M Fe(CN)g/Fe(CN)¢" on unmodified graphite (2)
and graphite electrode modified with carbon ink in graphite electrode (3)
at pH=6.86, v =70mV/s (1) is the background curve

The Randles-Shevchik equation (1) was used to calculate the electroactive surface area:

Ip =2.69x10°2*24D"*CV'"?, (1)
where Ip is peak current, A; Z is the number of electrons (n = 1); 4 is the area of the electroactive surface,
cm’; D is diffusion coefficient (7.60-10°° cm?/s), [10]; C is concentration of Fe(CN)q /Fe(CN)y" in solution
(1-10*M); ¥ is the sweep speed, mV/s.

The calculated electroactive surface area of the unmodified graphite electrode was 0.013 cm’, while, af-
ter modification, it became 10 times large as 0.103 cm”. 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.

Table 1
Check the correctness of the definition of carbaryl using the «entered-found» method
No. Is entered, 10°°M Found, 10 *M A, %
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, v=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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Table 2
The results of the determination of carbaryl in food (n =3)

Object of study Found, M A, %
Corn 0.84-10° +0.13
Oats 0.36:10° +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™° to 1.6-:10° M, the detection limit was
1.2:10" M. The approbation of the carbaryl determination method in corn, oats and wheat was carried out.
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A.C. I'amesckas, A.O. I'ycap, E.B. lopoxko, K.B. [Ié¢puna, C.O. Kenxeraepa

Keii0ip nonai nakpligapaa epitinai CiHiplireH, KOMipTeKTIK CHsIJIApDMEH
MoanpuKANUSJIAHFAH, TPAQUT IeKTPOAbIHAA KapOoapuiai
BOJILTAMIIEPOMETPHUSLIIBIK AHBIKTAY

[Mectuimarep Oy kyHae Gi3ziH emipimi3aiH axbipaMaiThiH Gemiri Oosasl. Onap kyHae Gi3miH ar3ambl3Fa
TaraMapMeH, CyMeH, TombIpakmeH Tyceai. COHABIKTaH OpTYpI HBICAaHAApAa MECTHLHUATEPAIH KypaMBIH
Oakplay ajaMm eMipi YIIiH eH MaHbI3Abl Macene Oosnapl. Makamamga amraimn per kapOapuimiH epiTiHai
CiHIpIIreH, KeMIpTeK CHsIapbiMeH MoaudUKaLUUsIaHFaH, TPadUT IEKTPOABIHAA DICKTPOXUMHUSIBIK
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TOTBIFYbl 3epTrenreH. KapOapunmin keitbip noHai JakpuimapaaH Oejiinm anyablH OHTAMIBI JKargaiiapsl
TaOBUIBI, COHBIHAH KOMIPTEK CHsUIapbIMEH MOAM(GUKALMSIaHFaH, epPITIHAl CIHIPUITeH rpaduT IEeKTPObIHAA
AQHOITHIK BOJBTAMIICPOMETPHsI SMICIMEH aHBIKTaJ/Abl. 3epTTey HBbICAaHAapbl OOJbBIN OWmaid, cyibl, *Kyrepi
CHSIKTBI JIOHAI NaKpUIAap TaHAanraH. TaHjanFaH HblcaHgapia kapOapwiain asbikranysl JKKX oapiciMen
xpoMmarorpadusuiblK 6esryneH KeHiH >Kypri3inai. DIeKTpOATHK MOIU(GHUKATOP PEeTiHIe KOMIPTEK CHSIAphIH
KOJIIaHFaH/a epiTiH/l CIHIPUIreH rpaUuT IEKTPOABIHBIH JIEKTPOOeICeH Il OeTTepiHiH ayMarbl apTaTaThIHBI
asbIKTanabl. Cos Me3rinae KapOapriii aHbIKTay Ce3IMTAIABIFBL 1a HKOFapJIaiThIHBI aHBIKTAIIB, dcipece Oy
KapOapwiaiH JOHAI JAKbUINApAAFbl 31K MeJIepiepiH aHbIKTay OapbichlHIa MaHb3abl. KapGapui
KOHILCHTPALMACHIHAH CHI3BIKTHIK Toyemaimik auanasonsl dI/dE — 0-10° M-gen 1,6:10° M neitin, an taby
mrexapacsr 1,2:10° M kypazsr.

Kinm coe30ep: xapbapui, aHOATHIK BOJIBTAMICPOMETPHSI, €PITIiH/I CIHIPIJTeH AIEKTPO/, KOMIPTEKTIK CHsIap,
Taramap, MeCTULHMATED, KyKakabaTTbl XpoMaTorpadus, ToHAI JaKbULAap.

A.C. T'amesckas, A.O. I'ycap, E.B. lopoxxko, K.B. I¢puna, C.O. Kenxeraena

BoabTamnepomerpuueckoe onpeaejieHue Kapoapuia
B HEKOTOPBIX 3€PHOBBIX KYJIbTYPaX HA UMIIPErHUPOBAHHOM
rpauToBOM 3JIeKTpPOae, MOAM(PHUIMPOBAHHOM YIJIEPOAHBIMH YePHUIAMU

IlecTHmabl Ha CErOMHAIIHMMN JCH SBIISIOTCS HEOTHEMIIEMOM YacThIO HalleH »Ku3Hu. Kaxkaplii IeHb OHU 10-
MajaloT B HAlll OPraHU3M C MPOJYKTaMHU NMUTaHUs, BOAOH, mouBoil. [ToaToMy KOHTpOJIb conepaHHs Iec-
TUIMIOB B Pa3IMYHBIX O0BEKTax sBISETCA Hamboyiee BAXHOM MpoOiaeMoil A KU3HM deloBeka. B Hacros-
1ieit paboTe BrepBbIe H3YYCHO DIEKTPOXHUMHUYECKOE OKUCIICHHE Kapbapuiia Ha UMIIPErHUPOBAHHOM IrpaduTo-
BOM 3JICKTPOJIe, MOAUGHUIUPOBAHHOM YIIepPOAHBIMU YepHIIaMu. [10100paHbl ONTHMANbHbBIC YCIOBHS BbIIC-
JeHus KapOapuia U3 HEKOTOPBIX 3€PHOBBIX KYJbTYp, C MOCIEAYIOIUM €ro ONpeaeeHHeM Ha UMIIPETHUPO-
BaHHOM TpaUTOBOM DJIEKTPO/IE, MOANDHUIIMPOBAHHOM YIJIEPOJIHBIMU YSPHUIAMU, METOIOM aHOIHOM BOJIBT-
amrepomerpur. OOBEKTaMH UCCIIEIOBaHNS OBLTH BHIOPAHBI 3PHOBBIC KYJBTYPHI, TaKAE KaK IIICHUIA, OBEC
" KyKypy3a. Onpenencaue kapOapuiia B BBIOPAHHBIX 00BEKTaX MCCICIOBAHUS MIPOBOIMIOCH ITOCIE XPOMATO-
rpadudeckoro pasaencHus metogoM TCX. BrIsBiIeHO, 4TO PH MCHONB30BAaHUN YTIIICPOTHBIX YEPHUII B Kave-
CTBE 3JICKTPOJHOTO MOAU(DUKATOPA MIPOUCXOAUT YBEIHMUYCHUE TUIOMIAU DIICKTPOAKTUBHON MOBEPXHOCTU HM-
NPErHUPOBaHHOTO IpadUTOBOrO eKTpoaa. [Ipr STOM yBETMUMBACTCS YyBCTBUTEINBLHOCTh ONPEIEICHHS Kap-
Oapuia, 4T0 0COOEHHO Ba)KHO IPU OINpPEIETICHUH CIEJOBBIX KOIMYECTB KapOapuia B 3€pHOBBIX KYJIbTYpax.
Jlnanason nuHeitHoi 3aBucumocti dI/dE ot koHuenTpauun kapbapria cocrain ot 0-10° M o 1,6:10° M,
npenen obHapyxenns — 1,2:10° M.

Kniouesvie cnosa: Kap6apHJ1, aHOJHas BOJIbTaMIIEPOMETPUS, HMHpeI‘HHpOBaHHLIfI DJICKTPOJ, YTJIEPOAHBIC
YUCpHUJIa, IPOAYKTHI IMTaHUA, NIECTULIU/IbI, TOHKOCJIOWHAS XpOMaTOl"pa(bI/ISI, 3€PHOBBIC KYJILTYPBI.
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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 AH,, 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"* 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 T 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 °C), 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 °C). The
enthalpy of vaporization AH,, was determined from the slope of the line in the coordinates InP — 1000/T ac-
cording to the linear form of the Clausius-Clapeyron equation: InP = const — 1000AH,, /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
Thoit ON the pressure P for non-irradiated and irradiated EMF frequencies of 170 and 80 MHz of water. In the
first case (Fig. la), 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 15 shows that the effect of an EMF of 80 MHz slightly changes the boiling point of
water only at P <0.35 atm.
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Figure 1. Dependence of the boiling point of water exposed to an electromagnetic field of a given frequency f,
from atmospheric pressure (T = 23 °C; f.x,= 1 hour)

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

Table 1
The boiling point 7}, of water at P =0.20 atm, depending on the frequency
of the electromagnetic field (exposure time 1 hour)
Frequency f, MHz Tooir, °C AT, °C Frequency f, MHz Tooir, °C AT, °C

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 T, — 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 AH., 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 AH.

Table 2
The enthalpy of evaporation of water exposed to an electromagnetic field (exposure time 1 hour)

Frequency f, MHz | AH,,, kJ/mol A, %
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 AH,,. The
effect of relaxation is absent, i.e. the original properties of water during the week are not restored.

Table 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 AH,, kJ / mol (f= 60 MHz) AH,, kJ / mol (=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 AH.,, 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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B.1O. Yupkosa, E.A. Illapnaesa, 1.E. Ctach

7Korapsbl KMUTIKTEr 2JIEKTPMATHUTTI 6PIC dpeKeTiHe YIIbIPaFaH
CYIbIH KaliHay TeMIlepaTypachl :kdHe 0yJIaHy IHTAJILIUACHI

Makana cynblH KaiiHay TemIepaTypachl MeH OyilaHy SHTalbIHACHIHA JKOFAphl JKHUTIKTEri IEKTPMAarHUTTI
epicTiH acepiH 3epTTeyre apHanraH. J[eMOHIAIFaH CyFa ©Te JKOFaphl KULTIKTET] JIEKTPMAarHUTTI Opic apeKeT
STKEeH/IC OHBIH KaifHAy TeMIlepaTypachl MEH OyJaHy SHTaJbIHACHI apTAThIHbI aHBIKTAJIFaH. DJIEKTPMArHUTTI
OPEKeTTiH THUIMZIIIIr epic XUiNIriHe )KoHe dKCHO3ULHUS yaKbIThIHA TAyelai 00JaaThiHbl KepceTinren. bymany
SHTAJIBIUSCHIHBIH MaKCUMAIIBI XKOFapbuiay xkuimiri 60, 130 xone 170 MI' epicTiH opekeTiHeH OaliKanaabl
xoHe 5-10 % kypaiinsl. Balikanran KyObUIbICTap 2JIEKTPMArHUTTI 9PEKET HOTHKECIHAE CYABIH KYPBUIBIMIIBIK
yibIMaacy e3repyiMeH TYCIHAIPITyl MYMKIH JKOHE JJICKTPMAarHUTTI OpeKeT >XMHAKTAJIAThIH CHIIATKA He
eKeHi — OyJiaHy SHTANIBIUICH MOJILEpi COyJEICHIIpY YakbIThl 2 caraTKa JCHIH apTKaHIa >KOFapbuUIiaii-
TBIHBI — aHBIKTAIIFaH; «KaHYFbD» 3 {EKTICi — IKCIO3UIMS YaKbITHl 2 CaFaTTaH apThIK OOJIFaHIa HTAIIBITHS
opi Kapail ecneiTiHi aHbIKTanFaH. DJIEKTPMArHUTTI OPICTIH OpEeKeTi TaHAaysibl CHIATKa He OOJaTBhIHBI
KOPCETIIreH — CyIBbIH KaCHeTTepi KaTaH Oelriii )KUITIKTeri OpicTiH speKeTiHe ce3iMTal Goaisl.

Kinm ce30ep: cy, 2MeKTpPMarHUTTI epic, XKHUIIIK, COyJIeNeHAIPY YaKbIThl, KailHay TeMmIepaTypacel, Oyi1aHy
SHTAIBIMSICHL.

B.1O. Yupkosa, E.A. Illapnaesa, 1.E. Ctach

Temnepatypa KuNeHUs] M SHTAIbINS UCTIAPEHUS BO/bI,
NnojABepriueiicss BO3AeiiCTBUIO BLICOKOYACTOTHOIO 3JIEKTPOMATHUTHOTO TOJISI

CraTbs NOCBSIIEHA U3YyUYCHUIO BIUSHHUSA BBICOKOYACTOTHOTO JIEKTPOMArHUTHOTO IOJISI HA TEMIIepaTypy Ku-
MICHUS ¥ SHTAJBIUIO MCIIApeHHs BOABL Y CTaHOBIEHO, YTO B PE3yJbTaTe BO3ICHCTBHUSA Ha JEHOHM30BAaHHYIO
BOJly 3JICKTPOMAarHUTHOTO IMOJISl yABTPABBICOKMX YACTOT MPOUCXOAUT MOBBILICHUE TEMIIEPATYpPhl €€ KUIEHHS
U SHTanbnuu ucnapenus. [loka3ano, 4to 3pHeKTUBHOCTh 3JEKTPOMArHUTHOTO BO3ICHCTBHUSI 3aBUCHT OT Yac-
TOTHI TOJIE ¥ BPEMEHHU SKCIO3UIMKA. MaKkcMallbHOES YBEIMUYCHUE SHTAIBIINH HCIIAPEHHS HAOI0AaeTCs B pe-
3ynbrare BoaeiictBus mos yactorod 60, 130 u 170 MI'n u cocraBuser 5—10 %. Habmonaemele sBieHUs
MOTYT OBITh 00YCIIOBJICHBI H3MEHCHHUEM CTPYKTYPHOW OpTaHU3AIMU BOJBI B PE3YyJIbTATE DIEKTPOMAarHUTHOTO
BO3JeHcTBHA. Takke YCTaHOBJICHO, UTO AJIEKTPOMArHUTHOE BO3/IEHCTBUE UMEET HAKONMTENBHBIN XapakTep —
BEJIMYMHA 3HTAJBIINU UCTIAPEHHS BO3PACTaeT MIPU YBEIMUYCHUHN BPEMEHHU OOJIydeHHUs 0 2 4acOB; YCTAHOBIICH
3¢ PeKT «HACHIIICHHS» — yBEINYEHNE BPEMEHH YKCIIO3UIMHU CBBIIIE 2-X YaCOB HE MPUBOAUT K JalbHEHIIEMY
pocty sHTanenuu. [lokazaHo, 4TO BO3JAEHCTBHE IEKTPOMArHUTHOTO IOJISI HOCHT H30HMpaTeNbHBIA Xapak-
Tep — CBOMCTBA BOJIbI YyBCTBUTEIBHBI K JEHCTBUIO OIS CTPOTO ONPEAEIEHHBIX YacTOT.

Kniouesvie cnosa: BoAa, 3IEKTPOMarHUTHOE IOJIE, YAaCTOTA, BPeMs OOITydEeHHs], TEMIepaTypa KUIEHHs, 3H-
TaJIBIUS NCTIAPCHUSL.
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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 ps, signal duration 21.25 pus. 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 H,SO,. The
calibration curve exhibited the linear range from 0.10 to 1.00 mg/1. The limit of detection (LOD) was found to
be 0.0029 mg/1 for quinine in 0.01 M H,SO,. The suggested approach was successfully applied to determine
the amount of quinine in tablets «Analgin-quinine» and in the non-alcoholic beverage «Schweppes Bitter
Lemony. 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/1 [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 H,SO, 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 H,SO, 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
H,SO,.

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 Lemony. 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=10mg/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).
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Figure 1. Synchronous scan mode of quinine standard solution (C = 10 mg/1)
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).
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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 (S;), the optical densities of these substances at the excitation wavelength (D;) and the
refractive indices of solvents (n;) were measured under the same conditions. The calculation of the quantum
yield was carried out according to the formula

(1-1077)*s8, *n;

test test *
__ 1~ Dtest | % % ,,2
1-10 ) S st Ny

where S, is the area under the emission spectrum of the investigated substance; S, is area under the emis-
sion spectrum of the standard substance; 7, is refractive index of the investigated solvent H,SOy; ny, is re-
fractive index of the standard solvent NaOH; D, is optical density of the investigated substance quinine at
the excitation wavelength; Dy, is optical density of the standard substance fluorescein at the excitation wave-
length; @ is quantum yield of investigated substance quinine; @, is quantum yield of standard substance
fluorescein.

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

(ptest = (pst ’
(

Table 1
Investigation of the luminescent properties of quinine in solutions of sulfuric acid of various concentrations

Concentration of sulfuric acid, M
0.005 0.01 0.05 0.1 0.5 1.0

0.00199 | 0.00025 | 0.00327 | 0.00357 | 0.00542 | 0.01626

Investigated parameter

Background signal intensity
(sulfuric acid), rel. units
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).
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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 ps, the optimum value of the signal delay for quinine was set to 0.85 ps. From the signal duration
range from 1.00 to 25.00 ps the duration is set to 21.25 ps. 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 107 to
10" s is typical for fluorescence, the continuation of a certain glow time after excitation cessation from 10
to 10" 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).

¥=-0,0001x + 0,0051x5 - 0,0742x* + 0,5032x - 1,5474x7 +
1,3684x + 1,6835

R2=0,9951

Signal intensity, rel. units

Signal delay, ps

Figure 4. The decay kinetics curve for quinine in 0.01 M H,SO,

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 us for the function):

8
j(—0.0001x6+ 0.0051x> — 0.0742x* + 0.5032x° — 1.5474x* + 1.3684x + 1.6855)dx.
0

For quinine the lifetime was 1.505-10 s. From the calculations it can be concluded that phosphores-
cence is characteristic for quinine in 0.01 M H,SO,.

Thus, the following working conditions were selected: solvent — 0.01 M H,SO,, excitation wavelength
353 nm, luminescence wavelength 452 nm, signal delay 0.85 ps, signal duration 21.25 ps. 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/1 (Fig. 54).

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/1 (Fig. 5B).
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Figure 5. Calibration curves of the intensity of the luminescence (4) 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.

Table 2

The results of the determination of quinine in tablets and soft drinks by fluorimetric
and spectrophotometric methods; n =3, p = 0.95, tip. = 2.78
Sample Fluorimetric method, s, Spectrophotometric method, s, ‘o
mg/1 mg/1 P
Tablet «analgin-quinine» 51.41+0.43 0.003 52.33+2.74 0.021 0.074
Beverage «Schweppes 53.74+1.86 0.014 54.42+525 0.039 | 0373
Bitter Lemony

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/1. 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 H,SO,. 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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Japisik npenaparTap MeH CyCbIHAaApAarbl XUHUH/I
(ayopumeTpus diciMeH aHBIKTAy

dapMaleBTHKAIBIK HperapaTtap MEH alKOroJbCi3 CyChlHOAap[a XUHUHII aHBIKTAay[bIH JKOFaphbl ce3iMTall
JKOHE KapamaibiM  (IyopuMeTpiik omici ychHBUIFAH. Jopimik 3aTrtap MEH CyCHIHAapia XWHHHII
GiryoprMeTpIIiK aHBIKTayAbIH OHTAWNIbI mapTTapbl TaObuLAbl: epitTkim — 0,01 M KyKipT KbILIKBUIBI, KO3y
TOJIKBIHBIHBIH Y3BIHIBIFEI 353 HM, JIOMUHECUEHLUS TOJKBIHBIHBIH Y3BIHIBIFBI 452 HM, cTpoO mapamerp-
nepi — curHaiaelH  kigipici 0,85 Mkc, maObUIABIH  y3aKThIFBI 21,25 MKC. O3ipieHEeTiH oIicTeMeHiH
ce3iMTaabiFbiH apTTeipy yimiH 0,005-nan 1,000 M-re neiliH KYKipT KbILIKBUIBIHBIH SPTYPJi KOHIEHTpPa-
LHsIApbIHA XMHUHHIH JTIOMUHECIICHIMACHIHA 3epPTTEY XKYPri3iiai, COHai-aK KYKIPT KbIIIKbUIBIHBIH GapiIblK
3ePTTENETIH KOHUCHTPAUMsIApbIHAd XMHUHHIH KBAHTTHIK IIBIFBIHBI CCENTENAl. XHHHHHIH JIFOMUHECICH-
LHSACHIHBIH €H YJIKCH KapKbIHIBUIBIFbI, XHHUHHIH CH YJIKCH KBAHTTHIK ILIBIFBIMBI JKOHE CPITKIIUTIH €H a3
¢oupabiH curranel 0,01 M H,SO4-Te GalikanaTeiHbl aHBIKTaIMbl. XuHUHI aHbikTay 0,10-meH 1,00 mr/n
JeWiHri KOHLEHTpaLUs apalbIFbIHAa XKYprizingi. TaObutFan sxaraaiina « AHaJIBIHH-XUHUHEY I9piJepiH/e KoHe
«Schweppes Bitter Lemon» ankorojbci3 CychlHbIHIA XHUHHHHIH Medmepi 3eprreini. CanbiCThIpy omici
peTiHae TangayabiH CeKTPO(GOTOMETPHUSIIBIK OIiCi KOJIIAHBUIAbBL. XHUHHH/AI CAJBICTBIPY SAICIMEH aHBIKTAy
TOJIKBIH Y3BIHABIFBI 347 HM Ke3iHae XuHUHII xyTKaH ke3ae 1,00-mzen 10,00 mr/n-re meiinri KOHIEHTpALMs
JMATa30HbIHA XKYPri3iiai. ¥CHIHBLUIFAH oficTeMe (apManeBTHKAIBIK IIperapaTrTap MeH TaMaK OHIMJIepiHiH
carachlH OaKpuIay YIIiH MaiilaaHbLITy bl MYMKIH.

Kinm co30ep: xuHUH, papManeBTUKAIBIK IPITIK 3aTTap, CYCHIHAAP, KBAHTTHI IIBIFEIM, CTPOO IapamMeTpIiepi.

A.A. Huxonaesa, E.W. Kopotkosa, O.1. JIunckux

OnpenesieHne XUHNHA B JIEKAPCTBEHHBIX NMpenapaTax u HAMMTKAX
MeToa0M (1yopuMeTpHu

[IpeanoxeH BBICOKOUYBCTBUTEIBHBIA M MPOCTON (HIyOopUMETPHUYECKUI METOJ ONpENesIeHHs XUHIHA B dap-
MalEeBTHUECKUX MpenapaTax U 0e3akoroyibHbIX HanuTKax. HalineHsl onTuManeHble yclnoBus GIryopuMeTpu-
YECKOTO ONPEAENICHNSI XUHIHA B JIEKapCTBaX M HamuTkax: pactBopurens — 0.01 M cepHast kuciora, [UIHA
BOJIHBEI BO30YXIeHUsI 353 HM, JUTHHA BOJIHBI JIIOMUHECIIEHIINY 452 HM, TapaMeTphl cTpoba — 3aJiepikKa CHT-
Hana 0.85 Mkc, mmrTensHOCTh curHana 21.25 mkc. J{sl yBeNnWYeHUs] 9yBCTBUTEIBHOCTH pa3padaThiBacMOi
METOJIKH IIPOBE/ICHEI HCCIIECIOBAHNS JIIOMUHECIICHIINH XHHHUHA TIPH PAa3INYHBIX KOHIIEHTPAIMIX CEPHON KH-
ciotel ot 0.005 no 1.000 M, a Taxke MOACYMTAH KBAHTOBBIM BBIXOJ XMHUHA IPU BCEX HCCIEAYEMBIX KOH-
HEHTPALUSIX CEPHON KHUCIOTHI. YCTaHOBJIEHO, YTO HauOOJNbIIAs MHTEHCUBHOCTh TIOMHHECHUEHIMH XHHHHA,
HanOOJIbUINH KBAaHTOBBIM BBIXOJ XMHIHA U HAMMEHBIINI curHai GoHa pactBopurens Habmonaercs B 0.01 M
H,SO,. Onpenenenre XuHUHA TPOBOAMIOCH B auamnazone koHueHtpaiuii ot 0.10 go 1.00 mr/n. Paccuuran
npenen obHapyxenus xuauHA B 0.01 M H,SO, npu 3agaHHBIX ycnoBusx, Kotopsid coctaBmi 0.0029 mr/m.
IIpn HalieHHBIX YCIOBHUAX UCCIIEAOBAHO COJACPIKaHUEe XUHUHA B TAOJIETKaX « AHAJIBIMH-XHHUH)» U B O€3aJIK0-
ronesHOM Hamutke «Schweppes Bitter Lemon». B kxauecTBe MeTona cpaBHEHHUs UCTIONB30BAaH CHEKTPO(OTO-
MeTpHuiecKuil MeTo aHanm3a. OnpeneneHne XHHUHA METOJOM CPaBHEHUS IIPOBOAWIN B AMANa30HE KOHIICH-
tparwii ot 1.00 1o 10.00 Mr/J1 mpu MOrNIOLIeHNH XUHUHA TIpH JutiHe BosHbI 347 uM. [IpeioxkeHHast METOIu-
Ka MOXKET OBITh MCIIOJIb30BaHa 1JIsi KOHTPOJIA KayecTBa (hapMalleBTHYECKUX MPEernapaToB U MUILIEBBIX IPOJIYK-
TOB.

Kniouesvie cnoea: xuHuH, papManeBTHIECKHE NIPENapaThl, HAMUTKH, KBAHTOBBII BBIXOJI, MAPAMETPHI CTPOOA.
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Thermal capacity of new nanodimensional cobalt-cuprate-manganite
LaLi,CoCuMnOQg and nickelite-cuprate-manganite LaLi,NiCuMnQOq
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 LaLi,CoCuMnOg and LaLi,NiCuMnOg 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
LaLi,CoCuMnOyg at 398 K and LaLi,NiCuMnOg 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 H°(T)-H°(298.15), entropy of S°(7) and the specified
thermodynamic potential @™ (T) 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-carth 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 LaLi,CoCuMnQOg4 and LaLi,NiCuMnOs.
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Experimental

LaLi,CoCuMnQOg and LaLi,NiCuMnQOg4 were synthesized with method of the ceramic technology in the
interval of 800—1200 °C by interaction of La,0O3 (especially pure), CoO (analytically pure), NiO (analytically
pure), CuO (analytically pure), Mn,Os (analytically pure) and Li,CO; (analytically pure) with intermediate
milling and stirring every 100 °C for 20 h. Low-temperature annealing for obtaining a stable phase at a low
temperature was made at 400 °C 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 (4090 nm) of which were determined on an atomic-force microscope
JSPM-5400 Scanning Probe Microscope «JEOL» (Japan). The radiographic research of nanodimensional
LaLi,CoCuMnQg and LaLi,NiCuMnOg was performed on the DRON-2.0 diffractometer at FeK, — 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: LalLi,CoCuMnOg —
a=11.33£0.02A;  V°=2563.20+£0.06A%  Z=4;  V’ueccen=640.80+£0.024%;  ppen.= 4.0 g/lcm’;
Pick=3.90+0.02 g/cm’;  LaLi,NiCuMnOs a=13.83£0.024;  1°=2644.16£0.06A%  Z=4;
V° stec.cen= 661.04+0.02A°; P, = 4.03 g/em’; p i = 3.99+0.01 g/em’ [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 a-Al,Os. The specific thermal capacity (Cpeciic) Was measured at each temper-
ature every 25 K from which the mole thermal capacity (C°, (,,)) 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.

Table 1
Experimental values of thermal capacities of LaLi,CoCuMnQOg and LaLi,NiCuMnQy

[Cp(speciﬁc) + S ’ J/(g.K); Cop(m) + A s J/(IIIO]'K)]

K LaLi,CoCuMnOQOg LaLi,NiCuMnOgq
’ Cp(SpeciﬁC) +9 Cop(m) A CP(SPeciﬁE) +9 Cop(m) A
298.15 0.6022+0.0056 257£7 0.5962+0.0183 254422
323 0.7895+0.0077 33619 0.7704+0.0130 328+15
348 0.8035+0.0081 342410 0.8730+0.0058 37247
373 0.8384+0.0077 35749 0.9014+0.0099 384+12
398 0.8736+0.0072 37249 0.8199+0.0139 349+16
423 0.8233+0.0204 351424 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 455422
523 1.0678+0.0141 455417 1.1006+0.0208 469425
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 443420
623 1.1428+0.0078 48719 1.1089+0.0261 472431
648 1.1588+0.0127 494+15 1.1314+0.0152 482+18
673 1.1751+£0.0052 501+6 1.1691+0.0185 498422

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 C°,~AT) for LaLi,CoCuMnOs at 398 K, and LaLi,NiCuMnOs 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 LaLi,CoCuMnOyg [J/(mol-K)]:

Copy = (1284437) — (1454.1£41.9)- 10 °T — (527.7+15.2)- 10°T >, (298.15-398 K); (1)
Cop) = (714+21) — (857.7+24.7)- 10T, (398-423 K); 2)
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C°h3) = (959+28) — (430.6£12.4)-10°T - (761.8+21.9)-10°T 2, (423673 K) (3)
and for LaLi,NiCuMnOg [J/(mol-K)]:
C°1y = (2402.31£105.7) — (3540.0£155.76)- 10 °T — (971.0£42.72)-10°T >, (298.15-373 K); 4)

C°ha) = (902.0+39.69) — (1388.80+61.11)-107°T, (373-398 K); 5)

C°h3) = (915.07+40.26) — (403.53£17.76)- 10 °T — (641.86+28.24)-10°T %, (398573 K); (6)
C°y = (1522.45+66.99) — (1804.72+79.41)-107°T, (573-598 K); (7)

C°ys) = (635.83+27.98) + (70.76+3.11)- 10T — (840.05+36.96)-10°T >, (598-673 K). (8)

The standard entropy of Lali,CoCuMnQg and LaLi,NiCuMnQg was calculated with system of ionic en-
tropy increments according to [20].

C%, JAmolK)
C, Jimol K)

&
<
T
&
(S
T

0+ LI

L 250 |-

1 1 1 1 1 1
7 i3 523 623 1K 323 423 523 623 IK
a b

Figure. Dependence of thermal capacity of LaLi,CoCuMnOg (a) and LaLi,NiCuMnOg (b)
on temperature in the interval of 298.15-673 K

Referring to the experimental data on C°y(7) and calculated values of standard entropies of $°(298.15)
the temperature dependences of the thermodynamic functions of H°(7)-H°(298.15), S°(T) and @"(T) were
calculated. Their values are presented in Table 2. Errors of thermodynamic functions were calculated using
errors of the experimental data on C°,(7) and calculated values of $°(298.15).

Table 2
Thermodynamic functions of LaLi,CoCuMnQOg and LaLi,NiCuMnQj
LaLi,CoCuMnOQOg LaLi,NiCuMnOg

LK | C\), ST, |H°(T)-H°(298.15),| @™(D), (1), ST, [|H(D)-H°(298.15), @™(D),
J/(mol'K) | J/(mol'K) kJ/mol J/(mol'K) | J/(mol'K) | J/(mol'K) kJ/mol J/(mol"K)

298 257+7 248+7 — 248+15 254+11 239+7 — 239+18

300 262+8 250+15 520415 248+15 261+11 241+18 515420 239+18

350 | 345+10 298+18 15970+460 252415 371+16 291+21 16870740 243+18

400 | 373+11 345+20 340704980 26115 346=+15 341£25 35450+1560 252419
450 | 389411 389+23 52370+1510 273£16 417418 386+29 5479042410 265420
500 | 439+13 433425 73160+£2107 286+17 457420 433432 76700+£3370 279421
550 | 470+13 476+28 95940+2760 302+18 481+21 477+£35 100190+4410 295422
600 | 489+14 518£30 107840+3100 318+19 440+19 519+38 123870+5450 312423
650 | 499+14 557433 131160+3780 335420 483+21 556441 147100+£6470 329424
675 | 501+14 576+34 157180+4520 343+20 499422 574442 159390+7010 338+25
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The standard enthalpies of formation A;H°(298.15) of LaLi,CoCuMnOs and LaLi,CoCuMnOjs 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 LaLi,CoCuMnQOg and LaLi,NiCuMnQOg
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 S°(7), H°(T)-H(298,15) and @"(T) of
cobalt-cuprate-manganite and nickelite-cuprate-manganite were calculated on the basis of the experimental
data on C°,(7) and calculated values of $°(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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b.K. Kacenos, I11.b. Kacenona, )X.I. CarsiaraeBa, E.E. Kyansim6exkos, H.M. Konbiios

298,15-673 K apajbIfbIHAAa KaAHA HAHOMOJIIIEPJIl KOOANbT-KYNIPAT-MAHT AHUTI
LaLi,CoCuMnOg4 men LaLi,NiCuMnQOg¢ HUKeJIUT-KynpaT-MaHT AHUTiHIH
KBLITY ChIHBIM/IBLIBIFBI KOHE 0JIaPAbIH TEPMOAUHAMHUKAJIBIK KacueTTepi

298,15-673 K apanbifplHAa AWHAMUKAIBIK KaJOPHUMETPHUS ONICIMEH alfall peT CHHTE3AEN ajfaH j>KaHa
nanomemmepii LaLi,CoCuMnOg men LaLi,NiCuMnOg4 Kypamasl KOOaNbT-KyNpaT-MaHTaHAT [IeH HUKEIUT-
KyTIpaT-MaHTaHUTIHIH MEHITIKTI KBIUTYCHIHBIMIBUIBIKTApB! 3ePTTENAl. MEHIIIKTI JKBUTYCHIBIMIBUIBIKTApJaH
OJIApJIBIH MOJIBIIK KBUTYCHIMBIMABLIBIKTapE! ecenteninai. LalLi,CoCuMnOg4 398 K xone LaLi,NiCuMnOg
373K wmen 573 K Ttemmeparypacerma II-mi  perreri ¢asanmslk e3repictep aHbIKTanmbl.  Paszainbik
©3repiCTep/liH TeMIepaTypalapblH €CKepe OTBIPHIM, JKbUTYCHIHBIMIBLIBIKTAPIBIH TEHACYJIEPl KOPBITHUIBII
IIBIFAPBULIBL.  BapiiblK anblHFAH TOKIPUOETIK JKOHE ecenTey HOTWXKeIepi MaTeMaTHKalblK CTaTUCTHKA
onicTepiMeH HAaKThl TYPAC OHIENl, MEHIUIKTI JKbUTyCHIHBIMIBUIBIKTAPBIHBIH OpTalla MOHIAepi opTarii
KBAaJPATTBIK  aybITKYIIBUIBIKTADMEH, a1  MOJBIIK KbUIy  CBHIMBIMIBUIBIKTApbl  AYBITKYILIBUIBIKTBIH
Ke3JIeHCOKTBIK ~KYpaMbIMEH aHBIKTanAbl. VIOHIBIK HMHKPEMEHTTEp oficiMEeH 3epTTelNN  OTHIpFaH
KOCBUIBICTapABIH CTAaHAAPTTHIK SHTPONHMSUIApH! ecenTeli. JKbUTy ChIIbIMIBUIBIKTAPEIHBIH TOXKIPHORIIK jKoHe
CTaHJApPTTHIK SHTPONISIAPIBIH ecentey MoHAepiHiH HerisiHge 298,15-673 K apansrbiama 50 K caiisin
sutansmustHely,  HY(T1)-H°(298,15), ourtpormsubiE  S°(7) JkoHE  KENTIpUITeH  TepMOJMHAMHUKAJIBIK
noreHua sk @ (T)-TiH TeMIiepaTypara ToyeIIiTiKTepi ecenTeii.

Kinm co30epi: TepMOIMHAMEKA, KOOAIBT, HUKEIHUT, KyIPAT, MAHTAHHUT, JKbUTYCHIHBIMIBLIBIK, KAJIOPUMETPHS,
JIaHTaH, CUITLIIK MeTajiap.

b.K. Kacenos, I11.b. Kacenosa, XX.1. Carunraesa, E.E. Kyansimoekos, H.W. Konbuios

TenioeMKOCTh HOBBIX HAHOPA3MEPHBIX KOOAJIBTO-KYNIPATO-MAHTAHUTA
LaLi;CoCuMnQOg¢ n Hukeauro-kynparo-manranura LaLi,NiCuMnQOg
B nHTepBaje 298,15-673 K u ux repmoaAnHaMu4ecKHue CBOMCTBA

MeTtooM AMHAMUYECKOW KaJIOpUMETpUH B MHTepBane Temmneparyp 298,15-673 K BmepBble HccieqoBaHbI
yIeIbHBIE TEINIOEMKOCTH MOTYUYEHHBIX HAMH HOBBIX HAHOPa3MEPHBIX KOOATbTO-KYIPaTO-MaHTaHUTA U HUKE-
JIMTO-KyNpaTo-MaHranura jiantana u nutusi coctaBoB Lali,CoCuMnOg u LaLiNiCuMnOg. U3 yaenbHbIX
TEIIOEMKOCTEH pacCUMTaHbl X MOJIBHBIE TEIUIOEMKOCTH. Y cTaHoBieHo, uTo Lali,CoCuMnOg¢ npu 398 K u
LaLi,NiCuMnOg ipu 373 K u 573 K npereprieBaror ¢azossie nepexonst II-pona. C yuerom Temneparyp da-
30BBIX IIEPEXOJIOB BBIBEIICHBI ypPaBHEHUSI TEMIICPaTypHOH 3aBHCHMOCTH TEINIOEMKOCTH. Bce moirydeHHEIE
SKCIIepUMEHTAJIBHBIE M PacueTHBIC TaHHbIE 00pabOTaHBI CTPOTO METOJaMH MaTeMAaTHYECKOW CTaTHUCTHUKH,
JUISL YCpeIHEHHBIX 3HAYEHHH yJEIbHBIX TeINIOEMKOCTEH pacCUMTaHBl CPeJHEKBAJPATHIHBIC OTKIOHCHUS, a
JUISL MOJIBHBIX TETUIOEMKOCTEH — ClTydJaifHbIe COCTaBIISIIOLINE MOTPEIIHOCTH. MEeTOoI0M HOHHBIX WHKPEMEH-
TOB BBIUHMCIIEHBI CTaHIAPTHBIE SHTPONUH HCCIEAYEMBIX coeluHeHHH. Ha ocHOBE ONMBITHBIX AAaHHBIX MO TeM-
JIOEMKOCTSIM U PacyeTHBIX 3HAYEHUH CTaHIapTHHIX SHTponuid B uHTepBaiue 298,15-675 K marom yepes 50 K
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BBIYKCJICHBI TEMIIEpaTypHble 3aBUcUMOCTH 3HTansnuu H°(T)—-H(298,15), sutponuu S°(7) u mpuBeAEHHOTO
TepMoAnHaMUUecKkoro norenimana @ (7).

Kniouesvie cnosa: tepmoarHaMuka, KOOAIbT, HUKEINUT, KylpaT, MaHTaHUT, TETJIOEMKOCTb, KaJOPUMETPHS,
JIAaHTaH, JINTUH.
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Lanthanum-magnesium-nickel tellurite:
thermodynamic and electrophysical characteristics

Lanthanum-magnesium-nickel tellurite with composition of La,MgNiTeO; was synthesized from La,0O;,
NiO, TeO, oxides and MgCOj; with the help of the ceramic technology. The temperature dependences of the
isobaric heat capacity of tellurite La,MgNiTeO; 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 a-Al,O;. 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 La,MgNiTeO; on temperature at 423 K, a sharp anomalous
A-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 CpO(T) and
thermodynamic functions, namely, the entropy S°(7), the enthalpy H’(T) — H(298.15) and the reduced
thermodynamic potential @*(T) were calculated based on the experimental data on heat capacities and the
calculated standard entropy value S$°(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 La,MgNiTeO; in the temperature
range of 293-483 K were studied on the LCR-800 instrument. There are maxima and minima on the curves of
1g€~AT) and IgR~AT), which confirm the A-shaped effect on the Cp0~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-clements 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 La,MgNiTeO,. Ceramic tech-
nology was used to synthesize lanthanum-magnesium-nickel La,MgNiTeO tellurite from oxides La,0O;, NiO
(«high pure»), TeO, («reagent grade») and carbonate MgCO; («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 P,,,3,,.

The isobaric heat capacity of La,MgNiTeO; 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 a-Al,Os;. The value of C,(298.15) a-Al,O; 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 (§) was carried out for the averaged values of specific heat capacity, and the ran-
dom error component (§) [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 La,MgNiTeO; tellurite on temperature at 423 K,
a sharp anomalous A-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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Table 1
Experimental values of the heat capacities of La,MgNiTeO,
LK | C,+8,3(K) | C'+ A, Jfmol K)
298.15 | 0.5337+0.0124 332421
323 0.5562+0.0173 334429
348 0.6225+0.0155 374426
373 0.7365+0.0201 442434
398 0.8892+0.2277 534438
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 538441
523 0.8070+0.0134 485422
548 0.7252+0.0189 435432
573 0.7813+0.0177 469+30
598 0.8532+0.0145 512424
623 0.9263+0.0191 556+32
648 1.0213+0.0111 613+19
673 1.1270+0.0291 677+49
800
700 -
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Figure 1. Temperature dependence of the heat capacity of La,MgNiTeO,

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,

G, J(molxK) =a + bT+ T, (D
coefficients are given in Table 2.
Table 2
The coefficients of equation (1) in the range of 298.15 — 673 K
AT, K a bx10’ cx10°
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°~f(T) dependency equations.

The temperature dependences of the functions S°%(7), H(T)— H"(298.15) and @“(7) have been
calculated based on the known relations [6], using the experimental data on Cp°~f(T) and the calculated value
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5°(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 $°(298.15) tellurite from experimental data on CPO(T), it was
estimated using the ion increment method [7].

Table 3
Thermodynamic functions of tellurite La,MgNiTeO; in the range of 298.15 — 673 K

° o o 0
K | C%T)+A, J(mol x K)| S°(T)%A, J(molxK) | H*(T)—H"(298.15)% A, J/mol | @™ (T) A , J/(molxK)
298.15 255+15 251+8 - 25148
300 33120 253123 660+40 251+23
325 33620 279425 8900540 252+23
350 378423 306+28 177601070 255423
375 44927 33430 28050+1690 259423
400 542433 366433 403902440 26524
425 650439 402436 5526043330 272+25
450 61337 438440 70930+4280 280425
475 577435 470+42 85820+5180 289426
500 53432 498+45 997206010 299+27
525 48529 523+47 1124606780 309+28
550 431426 54549 1239207470 319429
575 47329 565451 135290+8160 33030
600 516531 586453 147630+8900 340431
625 56634 608+55 161140+9720 350+32
650 621438 631457 175970+10610 360433
675 682+41 656+59 192240+11590 371534

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°~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 La,MgNiTeO; in the temperature range 293—483 K 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/cm’. 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 °C 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 MQ and 700 kQ and a reference capacitor of 0.15 pF. 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:

8=C_07 (2)

€S . . . . .
where C, = Od 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 La,MgNiTeO; ternary tellurite are
given in Table 4 and in Figures 2, 3.

Table 4

Dependence of electric capacitance (C), dielectric constant (¢) and electrical resistance (R)
of tellurite La,MgNiTeO; on temperature

T,K C, uF € Ige R, Ohm IgR
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
S0

8
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Figure 2. Temperature dependence of dielectric constant of La,MgNiTeO,
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Figure 3. Temperature dependence of the electrical resistance of La,MgNiTeO;

Analysis of the data in Table 4 and Figures 2 and 3 shows that La,MgNiTeO; 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

AE=2KDT R 3)
L-T, &

where £ is the Boltzmann constant; R; and R, are resistances at temperatures 7 and 75, respectively.

The width of the forbidden zone (AE), calculated by the formula (3), in the interval 293-323 K 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 La,MgNiTeO- exhibits semiconductor properties.

Thus, for the first time, the isobaric heat capacity of lanthanum-magnesium-nickel tellurite
La,MgNiTeO; 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 S°(T), H(T) — H’(298.15) and
@"(T) are calculated in the range of 298.15-673 K. There is a A-shaped peak related to a second-order phase
transition on the C,’~f(T) dependence curve of lanthanum-magnesium-nickel tellurite La,MgNiTeO; at a
temperature of 423 K.

For the first time, the temperature dependences of the dielectric constant and electrical resistance of
tellurite La,MgNiTeO, have been studied on the LCR instrument. The curves lge~AT) and 1gR~AT) have
maxima and minima, which confirm the A-like effect on the Cp°~f(T) dependence curve of the indicated
compound, related to the phase transition of the second kind.

The obtained data showed that the La,MgNiTeO; 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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K.T. Pycrem6ekoB, M.C. KaceimoBa, E.B. Munaesa, A.)K. bekrypranosa

JlaHTaH-MarHuii-HUKe/Ib TeJUIYPHUTi: TEPMOAUHAMHUKAIBIK
JKOHE IEKTPPU3NKAJBIK CHIIATTAMAJIAPbI

Kepamukansik Texnonorus aaiciven La,03; NiO, TeO, oxkcuarepi men MgCO; kapbonateinan La,MgNiTeO,
KypaMzbl JaHTaH-MarHuii-HUKenb Tenyputi cuntesgenai. UT-C-400 xajgopumerpiHie IMHAMHUKAJIBIK
KaJIOMETPUSIHBIH ~ TaXipubenik omicimen 298,15-673 K apaneirbinga  La,MgNiTeO; Temnyputinig
n300apanblk  KBUTYCHIABIMABUIBIFE  3epTTenui. Kamopumerpnin  xymbicel  a-AlL,O;  craHgapTTh
JKBUTYCHIMBIMABIIBIFBIH  OJIIIEYMEH TeKCepiimi. MEHIIKTI JKBUTyCHBIMBIMABUIBIK OJIIEeHAI, KeHiH oJap
OOMBIHIIA CHHTE3JEIreH TEUTyPUTTIH MOJIBIIK KBUTYCHIMBIMABLIBIFEI ecentenni. La,MgNiTeO; Temmypuri
JKBLTYCBHIBIMIIBUIBIFBIHBIH TEMIICpaTypagaH TOyCJAUIriH 3eprrey Oapbichinna 423 K kypr aHomaibai
A-Topi3mi cekipic Oaiikammbel, oHbIH II-mi Texti Qasanblk aybicyra colikec kemyi MyMkiH. bynm aywicy
KaTHOHAAPABIH KaliTa OesiHynepiMeH, TepPMUSIIBIK YIFar0 Ko3(GHIHSHTTEPiHIH )KOHE MAaTHUTTIK MOMEHTIHIH
e3repicTepiMeH, COJ CHSKTHI IMANEKTPIIK OTKI3TILUTIr JXOHE OSJIEKTPIK KeAEpriciHiH e3repicTepiMeH
GaitnmanpiCTBl  GOmybl MyMKiH. ToxipuOenik ManmimerTepinid Herisinme, Il-mi TekTi ¢Qasanslk aybicy
TEMIIEpaTypachlH €CKEePe OTBIPBIN, KOCBUIBICTBIH JKbUIYCHIHBIMABUIBIFBIHBIH TEMIEPATYPaJbIK TOYEIIiTiK
TeHJeyaepl MbFapsuInbl. JKBUTYCHIMBIMABLIBIKTAPEIHBIH TOKIPUOSIIK MOTIMETTEpiHIH KOHE CTaHIapTTHI
SHTPONUSHBIH S0 (298,15) ecenrenren moHiHIH HeriziHAe 298,15-673 K apanbirbIHIa )KbUTYCBIHBIMIBUTBIKTHIH
Cpo(T) KOHE TEPMOIMHAMUKAIBIK (yHKIMAIapabE: suTporuanby S°(7), snransmusuasy HO(T) — H°(298,15)
JKOHE KEITIpUIreH TepMOINHAMHUKAIBIK ToTeHIHaIabe O (T) TeMiepaTypaliblK TOYeIIUTIKTepi ecenTeli.
LCR-800 xypeutrbichinaa anram per 293-483 K temmeparypa apanbirbinna La,MgNiTeO; temnypuTinig
JMJICKTPIIK OTKI3TIMITITT MEH JJIEKTPIIK KeIepTiCiHIH TeMIepaTypaiblK Tayeniurri seprrenmi. 1g€~AT)
xoHe 1gR~AT) Toyenninik KACHIKTAaphIHIAa MAaKCHMyMAp MEH MHHHMYMAAPIBIH OOJIyBI, Oy KOCBUIBICTHIH
Cp0~f(T) TOyeNIUIIK KUCHIFBIHAArel, II-mi Qasanslk aysicyra Tuecimi A-Topizai sddexTini monmenmesni.
AnpIHFAaH ~ MONIMETTEp 3epTTelNill  OTBIPFAH TEUIYPUTTIH IKapThUIAHOTKI3TIITIK  KacueTTepre He
0OJIaTBIH/IBIFBIH KOPCETTI.

Kinm co3dep: naHTaH-MarHui-HUKEIb TEIUTYPHTI, KBUTYCHIHBIMIBUIBIK, TEPMOANHAMUKAIBIK (DYHKIHSLIIAP,
JHJICKTPIIIK OTKI3TIMITIK, 3eKTPKeAeprici.

K.T. Pycrem6exoB, M.C. KaceimoBa, E.B. Munaesa, A.)K. bekrypranosa

TesypuT TaHTAaHA-MATHUSA-HUKEJIS:
TEPMOJAMHAMHUYECKHE H YJIeKTPOPU3NUECKHE XAPAKTEPUCTUKHU

MertonoM KepaMHU4ecKOW TexHoJoruu u3 okcunos La,0jz, NiO, TeO, u xapbonara MgCO; cuHTe3upoBaH
TEJUTypUT JlaHTaHa-MarHusi-HUKelst cocraBa La,MgNiTeO,. Ha xamopumerpe NT-C-400 skcmepumen-
TaJIbHBIM METOJIOM TMHAMHYECKOW KalopuMeTpuu B uHTepBaie 298,15-673 K uccnenoBans! TeMiepaTypHbie
3aBHCUMOCTH Hu300apHOil TeroeMkoctd Ttemwtypurta La,MgNiTeO,. IlpoBepky pabGoTsl Kamopumerpa
HPOBOAMIM HM3MEPEHHEM CTaHIApPTHOW TeroeMkocTu a-Al,O;. V3MepeHsl ynenbHble, a 3aTeM IO HUM
paccuuTaHbl MOJBHBIC TEIUIOEMKOCTH CHHTE3UPOBAHHOTO TEJUIypHUTa. [IpM HCCIenoBaHUM 3aBHCHMOCTHU
TemtoeMkocT Teiurypura La,MgNiTeO; ot temmeparypsl npu 423 K oOHapykeH pe3kuil aHOMalbHBII
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A-00pa3HbIil CKauOK, CBSI3aHHBIM, BeposATHO, ¢ (a3oBbiM mepexonoM Il poma. DToT mepexo] MoxeT ObITh
CBS3aH C KaTHOHHBIM IIepepaclpe/eieHueM, ¢ U3MEHEeHUAMH KO3 (GHIIMEHTa TEPMUUECKOTO PACIIMPEHHS U
MarHUTHOTO MOMEHTA, a TakkKe C U3MEHEHHAMH IMAJIEKTPUYECKOH NMPOHUIIAEMOCTH U 3JIE€KTPOCONPOTHBIIE-
HUs. Ha ocHOBaHMM SKIEpHMEHTAIBHBIX JAHHBIX, C Y4eTOM TemIeparypsl ¢as3oBoro mepexoza Il poma
BEIBEICHO ypaBHEHHE TeMIEpaTypHOH 3aBHCHMOCTH TEIUIOEMKOCTH coeAnHeHHs. Ha OcHOBaHMH ONIBITHBIX
JAHHBIX IO TEIJIOEMKOCTAM H PAaCUETHOTO 3HAYEHHs CTAaHJapTHOH sHrpommu S°(298,15) B uHTepBaie
298,15-673 K BbIUUCICHBI TEMIEPaTypHbIC 3aBUCHUMOCTU TEILIOEMKOCTH CpO(T) U TEPMOJUHAMHYECKUX
GbyHKUMit:  SHTPOIHH SUT), ouramemam  HY(T)— H°(298,15) wu MIPUBEACHHOTO TEPMOJHUHAMHYECKOTO
norenimana @(7). Bnepseie Ha npubope LCR-800 wuccnenoBaHbl TeMIepaTypHbIe 3aBHCHMOCTH
JHUDJICKTPUYIECKONH MPOHULIAEMOCTH M 3JeKTpoconportusieHus Ttemwtypura La,MgNiTeO, B anamo3oHe
temneparypsl 293-483 K. Ha kpusbix 3aBucumoctsix 1gE€~AT) n IgR~f(T) uMeroTcss MakCUMyMBI H
MHHUMYMBI, KOTOpBIE IOJATBEPXKIAIOT A-00pasHbIi >((eKT Ha KPHUBON 3aBHCHMOCTH Cp0~f(T) YAa4HOTrO
COCIMHEHHs, OTHECEHHBIH K (pazoBomy nepexony Il pona. IlonyueHHble faHHBIE TOKA3aJIM, YTO UCCIEAYEMbIH
TEIUTypUT 00J1a/1aeT MOIYNPOBOAHUKOBBIMU CBOWCTBAMH.

Knouesvie cnosa: TCIUIYPUT JIaHTaHa-MarHUs-HUKEJIA, TCILIOEMKOCTb, TCPMOAUHAMUYCCKUC q)yHKHI/II/I,
JUBJICKTPUIECCKass MPOHUIAEMOCTD, 3JICKTPOCONPOTUBJICHUEC.
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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, CO, 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: H, 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; H, — 38-40;
CHy; — 9-11; CO, — 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; /0 — drain; // — loading of raw materials; /2 — 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 °C. During the reaction for 15 minutes, the volume of evolved gas amount-
ed to 0.176 m’. The volume of consumed domestic gas in the burner was 0.036 m’.

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.

Table 1
The chemical composition of the feedstock
- s
Cattle Nitrogen Fretmies, composiion (0 Iron oxide and
manure | Water | Organic matter (common) (P,Os5) | (K,0) | (CaO) | (MgO) Aluminum oxide (R,05)
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.

Table 2
The composition of the synthesis gas, depending on the operating time of the reactor
The operating time Composition of the output gas, %
of the reactor, min H, 0O, CO, N, CO
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 CO,, O,, N, decreases, and the content of CO and H,

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.

9790,939 5 :
1 |iks:ne E :
73492431+ i - :
4899439 i i : :
] Py ; i |
2448750 1~ 1{1f 1+ e 8. b -+ -
d i .
] ., - 5
y | [ ) i TAN —_—
u'm-i'll1l1il1r1rilllll1l‘ll1l1.rlllll1llllll1llrlrll
f iy i 2 R85 (| | i &7 11 42 14 % 1714 1% %%
B iNE | Component | Retention time,min | Concentration, %
1 H2 1,36 4 BTBE+D1
2 o2 2,25 0,00
1 co2 2,42 B, BT2E+0D
4 M2 142 R RTSE-D1
B CO 5,94 4 ID0E+D1
[ | [LIBTEHZ

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.

Table 3

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

Processing time, min

No. | Gas components 3 | 15
gas composition, %
1 H, 25.04 31.62
2 0O, 0.18 0.74
3 CO 35.69 37.28
4 CO, 1.23 11.75
5 N, 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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E.C. Mycradun, A.A. Aitnabaes, JI.T. Cagsipoekos, A.M. I1ymoB,
J.A. Kaiikenos, 1.M. Ilynos, A.C. bopcein6aeB

Hﬂa3MaXI/IMHH.]'I]>IK GI[iCl'leH aybllImiapyamiblbIK KAJAbIKTAPbIHAH CUHTE3-TA3 aJ1y

AybITIapyamblIblK  KaJABIKTAPBIH TOJBIKTAH BIIABIPATY apKbUIbl CHHTE3-Ta3 ana OTBIPHIN, >KOIOJBIH
HEPCIEKTUBTI 9Jlici KOFaphITEMIIepaTypaibl INIa3MOXUMUSIIBIK dCepre HEri3[eNreH TEeXHOJIOrHs OOJbln Ta-
Obutazbl. CHHTE3-Ta3/(bl ally YIUIH PEaKTOPFa CHBIPIBIH KOHI MEH CY KOCIACBIHBIH 3MYJIbCHSCHI CAJIbIHIBL.
OMyJbcusiFa €Ki MbIH Tpaxyc TeMIlepaTypaMeH ocep eTUIHl. AJIBIHFaH CHHTE3-T'a3[blH XUMMSIBIK CHIIAThI
JKOFaphl OONIBL: ra3 Tasa, mIaHCh3, KypameiHaa CO, a3, ax cyreri meH CO Memmepi >KOFaphl colKeciHIIe
31,62 % sxone 37,28 %. CunTe3-ra3apl OHAIPY/l ’KOHE OHBIH KYpaMbIH >KaKcapTy YIIH IDTa3MaXHMHSIIBIK
peaKTopra opTYpINi pPEXUMIEpAE CBHIHAK KYPTi3inii. DIeKTpreHepaTOphIHIAFbl KEPHEYIIH TYPaKTHUIBIFBI
TYpJI KyKTemenepae OaxbuiaHabl. HoTmkecinzme ra3 reHepaTOPBIHBIH TYPAKTHI KYMBICBIHA KOJDKETKI3LUIi.
3eprTey KYMBICHIHBIH HOTIDKECI OOHBIHIIA KOMIpCYTeK MEH aybUIIapyallbUIBIK — KAJABIKTapBIH
IU1a3MaXUMUSUTBIK OHJICY CHHTE3-T'a3 allyAbIH JKOFapbl opi THIMAI 9/1ici OOJbIT TaObLIa b
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Kinm ce30ep: nna3MoXuUMUsl, CHHTE3-T'a3, CyTeri, KOMipTeri TOTHIFbI, aybUILIaPyallbLIbIK KJIABIKTAPhl, KaiiTa
eHJIEY.

E.C. Mycradun, A.A. Aitnabaes, JI.T. Cagsipoekos, A.M. [1ynoB,
J.A. Kaiikenos, I.M. Ilynos, A.C. bopcein6aeB

HO.]'Iy‘IEHI/le CHHTEe3-Tra3a U3 ceJIbCKOX03SiCTBEHHBIX 0TX0a10B
NJasMOXUMHYEC€CKUM METOAOM

[lepcnekTHUBHON TEXHOJOTHEN YTUIM3aLUU CEJIbCKOXO3IMCTBEHHBIX OTXOJOB SIBJISIETCS IJIa3MOXMMHUYECKas
TEXHOJIOTHs, OCHOBAHHAs HA BBICOKOTEMIIEPATYPHOM IIA3MOXUMHUYECKOM BO3ICHCTBUU U MOJHOM PA3IOKe-
HUU YTJIEBOJOPOJIHBIX IPOAYKTOB C MOJIyY€HHUEM CHHTEe3-Tra3a. J{Js mojrydyeHust CUHTe3-ra3a B peakTop 1oja-
BaJIl AMYJIBIUPOBAHHYIO CMECh KOPOBBLETO HaBO3a M BOJbL. Ha mocrymaroiryio sMyJbCHIO BO3/E€HCTBOBAIH
IJIJaMEHEM Ta30BOM TOPEJIKU ¢ TeMIEpaTypoil TOPEeHuUs 10 ABYX THICSY I'paaycoB. PerynspHo npoBoauiu uc-
MBITAaHKS TDTA3MOXUMHYECKOTO PEAKTOpa B Pa3HBIX PEXHMMaX U MMOWCKA JYYIIErO PeKUMa MPOU3BOJCTBA
CHHTE3-Ta3a U ero cocrana. [IpoBoIMIICS KOHTPOIb CTAOWIBHOCTH HAINPSDKEHUS TOKA Ha BBIXOJE JJIEKTpOre-
HepaTopa MpH Pa3IMYHbIX Harpy3kax. B pesynprare ObLI ZJOCTUTHYT YCTOMYMBBIA PEXXUM pabOThI ra3oreHe-
paTopa. XMMHUYECKHE XapaKTCPUCTUKU IMOJYYEHHOI'O0 CHHTE3-Ta3a OKa3aJluCh BBICOKMMM: Ia3 YHCTBIH U 0e3
LM, conepkanne CO, — HusKkoe, a Bogopona 1 CO — Beicokoe, a uMeHHo 31, 62 % u 37,28 % cooTBer-
cTBeHHO. KauecTBo raza npoBepsuioch Mpy BU3yaILHOM HAOIIOJICHUY 32 IUIAMEHEM TOPEITKU B TeMITePaTypoit
TOPSIIIETO Ta3a C MOMOIIBI0 HHPPAKPACHOTO MHPOMETPA. Y CTOHYMBOCTD IUIAMEHU U CTAOMIBHOCTH TEMITEpa-
TYpBl TOPEHHS XapaKTePU3YIOT Ka4eCTBO CHHTe3-raza. TakuM o0pa3oM, SKCIEPHMEHTAIBHO MMOKAa3aHO, YTO
IDIa3MOXUMHYECKask 00paboTKa YriIeBOJOPOIHBIX U CEIbCKOXO3SIMCTBECHHBIX OTXOJIOB SIBISIETCS BBICOKOA(-
(EKTUBHBIM METOJIOM IMOJTYUCHHUs CHHTE3-Ta3a.

Knrouesgvie cnosa: mia3sMoXuMus, CHHTE3-Ta3, BOAOPOJI, MOHOOKCH]] YIIIEpO/id, CeIbCKOXO3sHCTBEHHBIE OTXO-
IIbl, IepepaboTKa.
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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
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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

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 C;3H340, 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 cm’ 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 cm’ 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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Tablel
Diagnostics of educational motivation of students (before and after the experiment)
Values of respondents
(before and after experiment)

No. | Scales of motives 1 2 3 4 5 6 7 8
Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After
fore fore fore fore fore fore fore fore

1 |Communicative 3514538 45| 4 | 433843 |33| 4 (38|43 3 4 | 38148
motives

2 |Avoiding Motives| 3 3 13232 3 3 3 3 128283232 |28|28|28]28

3 |Prestige motives 4 4 |46 |46 |44 |44|38|38| 4 4 | 44|44 |132|32|38]38

4 |Professional 5 5 5 5 5 5 143 5 5 5 4247|3547 (45| 5

motives

5 |Motives of 4 4 4 4 4 4 145|145 4 4 |35(135| 3 3 3 3

creative self-
realization

6 |Educational and 4 146 |41 |47 |41 |46|39|47|39|46|34|47|33|44|34]|46
cognitive motives
7 |Social motives 441441464642 |42 | 4 4 138]38]38]38|38|28]32]32

Testing for knowledge of problem situations showed that the number of students with good results in-
creased (Table 2, Fig.).

Table 2
Testing results for knowledge of problem situations

Number of correct answers Nurpber of students -
Before experiment | After experiment
High index (23-30) 2 4
Average index (15-22) 4 3
Low index (1-14) 2 1

B Number students before
experiment

B Number students after
experiment

High index

(23-30) Average

mndex

Low index
(1522 (-4

Figure. Analysis of the test for knowledge of problem situations (before and after experiment)

Table 3 presents data from the analysis of interviews on the applicability of problem-based learning at
chemistry lessons. The results show the answers that students most often indicated in the interview. The
analysis showed that problem-based learning has a great impact on learning skills, life and cognitive skills.

Despite the advantages, problem learning also has disadvantages among which «weak interaction be-
tween some students» and «Treating the passive group members equally with the othersy.
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Table 3
Analysis of student interviews about the applicability of PBL
Number
Category Answers of students of students
PBL encouraged us to do individual investigations 7
Learning skills |I challenged my phobia of public speaking 4
We built intragroup and intergroup communication skills and to make presentations 6
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
Life skills  |Group works contributed to the interaction and increased our motivation to learn 6
chemistry
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' interaction§ 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.

References

1 Yoon, H., Woo, A., Treagust, D., & Chandrasegaran, A. Affective Dimensions in Chemistry Education. Berlin: Springer,
2014.

2 Kreke K. Student Perspectives of Small-Group Learning Activities / K. Kreke, M. Towns // The Chemical Educator. — 1998.
— Vol. 3, No. 4. — P. 1-23. DOI 10.1007/s00897980232a

3 Senocak E. A Study on Teaching Gases to Prospective Primary Science Teachers Through Problem-Based Learning /
E. Senocak, Y. Taskesenligil, M. Sozbilir // Research in Science Education. — 2007. — Vol. 37, No. 3. — P. 279-290. DOI
10.1007/511165-006-9026-5

4 Robinson J. Project-based learning: improving student engagement and performance in the laboratory / J. Robinson // Analyt-
ical and Bioanalytical Chemistry. — 2013. — Vol. 405, No. 1. — P. 7-13. DOI 10.1007/s00216-012-6473-x

5 Larive C. Problem-based learning in the analytical chemistry laboratory course / C. Larive // Analytical and Bioanalytical
Chemistry. — 2004. — Vol. 380, No.3. — P. 357-359. DOI 10.1007/s00216-004-2802-z

6 bagmaesa H.I[. Buusnue MOTHBalMOHHOrO (akTOpa Ha pa3BUTHE YMCTBEHHBIX CHOCOOHOCTEil: Monorpadus /
H.II. bammaeBa. — Ynan-Yn»: Uzn-s8o BCI'TY, 2004. — 280 c.

Cepusa «Xumunsi». Ne 2(94)/2019 85



S.B. Abeuova, D.D. Naushabekova et al.
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D.b. Ab6eyona, D.K. Tycyn6ekoBa, A.T. /rocekeeBa

IIpo6JieManbIK OKBITY TEXHOJOTUSICHIH «MeKTenTe XuMHUSIJIBIK IKCIIEPUMEHTTI
JKYPri3y aicTemeci» moHi cabaKkTapbIHAa KOJIaHY

Maxanaza xumust cabakTapblHIa HPOOIEMAIBIK OKbITY TEXHOJOTHACHIH KOJIIaHy OOWBIHINA IKCHIEPUMEHT
HoTwKenepl kenripinreH. IIpoGneManbIK OKBITY JKaHa OUIIM MEH ic-KUMBUI TocuiuepiH o3 OeriMeH
i31ecTipyre OaFbITTaIFaH OKBITY OOJIBIIT TA0BUIABI, COHIai-aK MYFalIMHIH >KETEKIIUTITIMEH XKaHa OuTiMaepai
OelceHml Typle Mrepill jKaTKaH CTYAEHTTepre KOTHHTHBTI IpobieMaaapsl TOHEKTi jKoHe MaKCaTThl TYphe
ayFa KoronapbH ke3neiai. [IpoGreMaliblk OKBITY TEXHOJIOTHSCH! YIIIHINI Kype CTyAeHTTepiHe «Mekrenre
XUMHSUIBIK OKCIEPUMEHTI JKYprizy ojicteMeci» IIOHIH JKYpri3y OapbIChIHAA KOJIAQHBUIABI. XHMHSIaH
npoOsieManblK JKardail periHme €Ki KepHeKkinik Taxipube Tammanapl. Toxipube anasiHza Oirim
e3ekrenaipiani. Conan kel mpobaeMabIK JKaFIai bl xKacay *KoHe MOCeNIeHI TY)KbIpbIMAY KaxeT. MyFaitim
XUMHSUIBIK TOKipuOeHi kepcereni. CTyIeHTTep KaFAaiIpl capanamn, KOPBIThIHABI xkacaiiibl. CTyqeHTTepAiH
OKyFa JIEreH BIHTAChlH TeKcepy MakcaThiHga A.A. Pean xoHe B.A. SIkyHuMH cayaiHamachl KOJJaHBUIIBI,
TIpo0JIeMalTbIK JKaFaaiylap/bl aHbIKTal 01Tyl TecT 9/ici apKbUIBI TOXIpHOE alAbIHA JKOHE ToXKipHOeIeH Keiin
aNbIHbII, OaranaHzabl. CTymZEeHTTepAiH HMpoOJIeMalbIK OKBITY TEXHOJOTHSCH OOMBIHINIA MIiKipJIEpiH aHBIKTAY
ymH okeke cyxOar okyprizinmi. IIpoGmeManblk OKBITY TEXHOJIOTHSUIAPBIH KOJJaHy HOTWDKECIHAE
CTYICHTTEPAIH KOTHUTHBTIK JKOHE 3epPTTEy KbI3BIFYIIBUIBIKTApBI Maiiaa OONIbI, i37ey epeKiiesikrepi MeH
JIaF IblIIapbl apTThI, COHBIMEH KaTap MaTepHalllibl TEPEHIPEK, opi OepiK YFhIHYbIHA BIKIIAJ €TETiH, MyFaJliM MEH
CTYICHTTEpPAIH apachlHAAFbl BIHTHIMAKTACTBIK KapbIM-KaThIHACTBIH Maiifia OoyyblHa KON  allThI.
[TpoGneManbIK OKBITYAAFbl CTYICHTTEPAIH KaXeTTi «OacTankp» OiniMiHIH GONybl, KON YaKbITThI KaXKET €Ty
CHSIKTBI KEMILTIKTepre KapaMacTaH, Ka3ipri TaHaa npobiieMaiblK OKbITY HIesIIaphl )KaHAPThUIFaH OisliM 6epy
JKYHeCiHIe OWIarpIIail icke achIpbUTy/Ia.

Kinm ce30ep: mpoOneMainbIK OKBITY, NMpoONeManblK JKargaiinap, OumiM OepymiH kaHa TEXHOJOTHSIIApHL,
XUMHSUIBIK 9KCTICPUMEHT, XUMHSHBI OKBITY 9/liCTEMeci.

C.b. Ab6eyona, /[.JI. Hayma6exosa, /.M. MycnumoBa,
2.b. Abeyora, 3.K. Tycynbekona, A.T. [lrocekeena

HpnMeHeHne TEXHOJIOINH npoﬁneMnoro 06yqemm Ha 3aHATHUAX 0 JTUCIHHUITIJIMHE
«MeToauka MpPOoBEACHUA IIKOJBbHOI0O XUMHYIECCKOI0 IKCIIEPUMEHT A

B crarbe mpuBoAsATCS pe3yNbTAaTHl HKCIICPHMEHTA MO MPUMEHEHUIO TEXHOJIOTHH IPOOIEMHOr0 00ydeHHs Ha
3aHATHAX 110 XuMuH. [IpoGeMHOe 00ydeHre HalpaBIeHO Ha CAMOCTOSTENIBHBIN IIOMCK HOBBIX 3HAHHH U CIIO-
co0OB JeHCTBHS, a TAKKe NPEANoJaraeT MOCIe0BaTeNbHOE U LeJICHANPABICHHOE BBIIBH)XCHUE I103HABA-
TEJBHBIX IPOOJIEM, TOCPEACTBOM Pa3pELICHNS] KOTOPHIX CTYJICHThI aKTHBHO YCBaMBAIOT HOBbIC 3HaHUA. Tex-
HOJIOTUSL NPOOJIEMHOro OO0y4eHMsl NMPUMEHSIACh Ha 3aHATHUAX MO JUCHUIUIMHE «MEeTOoIHKa IpOBEICHHS
IIKOJIBHOTO XMMHMYECKOI0 KCIIEPUMEHTa» ¢ YYalllMMHUCS TPETbero Kypca. B kadecTBe mpoOieMHBIX CUTya-
Ui B HaIlIeM ciydae ObUIM BEIOPAHBI J[Ba AEMOHCTPALIOHHBIX OIBITa IO XUMHU. [lepex mpoBeneHneM dKc-
TIepUMEHTa TPOBOMIIACH aKTyalIn3anus 3HAHUH. 3aTeM UIeT COo3laHne IMPoOIeMHON cutyanun u Gopmym-
poBka npobeMsl. Jlanee mperogaBaTelb MOKA3bIBACT XMMUUECKAN SKCIEPUMEHT. Ydamuecs 00yMBIBAIOT
CUTyalluH, JETal0T BBHIBOABL JJIs ITHMAarHOCTHKU y4eOHOH MOTHMBALMM CTYACHTOB HCIIOJIB30BAJICS OIPOCHUK
A.A. Peana u B.A. SIkyHuHa, 3HaHHE IPOOJIEMHBIX CUTYalMii OLIEHUBAIOCH METOAOM TECTUPOBAHUSA A0 U IO-
ClIe BKCIIEpUMEHTA. J[J1s BBIBICHHS MHEHHMS CTYJICHTOB O TEXHOJOTHHU IPOOIEMHOTO 00y4eHHUs POBOANIOCH
UHAUBHIyaJIbHOE HHTEPBbIO. B pe3ynbrare NMPUMEHEHUsS TEXHOJIOTHH NMPOOJIEMHOr0 O0YUeHHs Yy ydalluxcs
copMHUpOBAIICS TTO3HABATEINIBHBII M HAYYHO-HCCIIE0BATEIbCKHI HHTEPEC, HOMCKOBbIE OCOOCHHOCTH U yMe-
HUSI, OTKPBUINCH BO3MOXXHOCTH IJISI COTPYIHUYECTBA MPEII0aBaTels ¢ yJallMUCs, 9TO CHOCOOCTBYeT Ooiee
TIIyOOKOMY H IIPOYHOMY YCBOEHHIO MaTepuana. HecMoTpsi Ha MUHYCHI IIPOOJICMHOTO 00yUeHHs, CpeIH KOTO-
pBIX OOJNBIINE BpEeMEHHBIE 3aTPaThl, HAINYHE HEOOXOINMOTO «CTapTOBOTO» YPOBHS 3HAHMI 00ydaromuxcs,
uaeu npobIeMHOro OOydYeHUs! Ha CETOJHSANIHUN JIeHb YCIICIIHO PEaM3YIOTCSI B CHCTEMaX pa3BHBAIOLIECTO
o0y4eHusl.

Kniouesvie cnosa: npobnemMHoe o0ydeHHe, IPOOIEMHBIE CUTYal[H, HOBbIE TEXHOJOTHU O0Y4YEHHS, XUMHYe-
CKHMil DKCIIEPUMEHT, METO/IMKA TIPEIOaBaHUs XHMHH.
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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 (MWCNTSs) (produced by LLC Nanotechtsentr,
Tambov, Russia) allowed.

According to the electron microscopic analysis, the MWCNTSs 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 MWCNTSs 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 MWCNTSs 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 (FeSO,-7H,0/C, NiSO,-7H,0/C, binary FeSO,-7H,0 — CoSO,-7H,0/C) with
a content of active ingredient of 5 % (for metal). High-dispersion catalysts based on iron, nickel and cobalt
oxides on a carbon substrate Fe,0;/C, NiO/C, binary catalyst Fe,0;—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, Fe,O; and Fe,O;/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 Fe,O;/C is 14 times lower
than in Fe,O;. 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:

OO — (D 000
v

I I 11
anthracene dihydroanthracene tetrahydroanthracene octahydroanthracene
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sepliee

v VIII IX
1-methyl-naphthalene 1-ethyl-naphthalene 2,3-dimethyl-naphthalene 2-ethyl-naphthalene 2-buthyl-naphthalene

X111
1-methyl-2- ’ ' o
phenylmethyl- 2 methyl—l,l i 2—e.thy1—l,1 ) 2,2 :dlmethyl— anthracene phenanthrene
benzene diphenyl diphenyl 1,1'-diphenyl

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:

o — S0 —~ oD

phenanthrene 9,10-dihydro- 2-methyl-1,1'- 2-ethyl-1,1'- 2,2'-dimethyl-
phenanthrene diphenyl diphenyl 1,1'-diphenyl

o (L)
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: FeSO,-7H,0/CaA (FeSO4 TH,O/ZSM),
NiSO4 7H,0/CaA  (NiSO4 7H,0/ZSM), binary FeSO,7H,0 - CoSO4 7H,0O/CaA (FeSO47H,O0 -
CoSO4:7TH,0/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: Fe,05/CaA (Fe,0:/ZSM), NiO/CaA
(NiO/ZSM), binary catalyst Fe,0O; — CoO/CaA (Fe,O; — 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 Fe,0;/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 Fe,0;/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 Fe,O3/C, Fe,0O3/ZSM and Fe,O3/CaA, the content of paraffins with a
longer C,5-Cy9 chain increases. This is due to the fact that during cavitation treatment in the presence of
Fe,05/ZSM, Fe,05/CaA, Fe,O3/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 Fe,O;/C catalyst are determined. In accordance with the regression equation obtained,
the optimal conditions for cavitation treatment are as follows: T = 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: Fe,O3/C > Fe,O3/CaA >
Fezo3/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 + M° 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:

Ok A GO0k

PAni
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It should be noted that, unlike polyaniline, AF- and MF-polymers do not have conductive properties and
even, on the contrary, are good insulators. The introduction of salt or metal nanoparticles allows to create
new materials with semiconductor properties on the basis of individual polymers or their mixed composi-
tions.

Metal-polymer composites with the participation of AF-polymer were obtained by introducing a metal
salt (CuCl,, NiCl,, FeCl;, FeSO,) in situ polycondensation of aniline and formaldehyde with further thermal
treatment (TT), as well as the «impregnation» method by sorbing metal salts with polymer from their aque-
ous solutions. X-ray diffraction (XRD) analyzes revealed the influence of the synthesis conditions and the
nature of the introduced metal (in the form of its salt) on the phase constitution of the synthesized AFP com-
posites. Metal oxides (Cu,O, CuO, NiO, Fe;O4) are formed in composites synthesized in situ;
2CuCl,-5Cu(OH),-H,0 complex salt, hydroxides and oxyhydroxide (Ni(OH),, FEOOOH) are present in the
composites prepared according to the second variant of the synthesis.

The electrocatalytic activity of the synthesized composites was studied in the electrohydrogenation of
o-nitroaniline (0-NA) in a diaphragm cell when they are deposited on the surface of the Cu cathode (current
1.5 A, 30 °C, catholyte — 2 % NaOH solution with the addition of ethanol, anolyte — 20 % NaOH solution).
The electrochemical reduction of o-NA under the same conditions is carried out at a rate (W) of
3.3 mL Hy/min, and a degree of transformation of 0-NA to o-phenylene-diamine (o) is equal to 84 %.

Experiments have shown that Ni- and Fe-containing AFP composites (AFP + NiCl,, AFP + Ni’,
AFP + FeCl; and AFP + FeSQ,) exhibit a weak electrocatalytic activity in o-NA electrohydrogenation,
which is caused by the inability of the cations of these metals to electrochemical reduction under given con-
ditions. According to the XRD analysis, copper cations are reduced from copper oxides and its complex salt
formed during the synthesis and TT, giving copper particles in the zero-valence state in the polymer matrix,
which catalyze the electrohydrogenation of 0-NA [24]. At the same time, AFP + CuCl, composites obtained
by the «impregnation» method showed a higher electrocatalytic activity: o-NA hydrogenation rate increases
to 5.6—6.1 mL/min, its conversion — to 91-94 % with the formation of one product — o-phenylene-diamine
having a wide range of practical applications. Preliminary ultrasonic treatment (UST) of these composites
contributes to a more complete extraction of copper cations from its aqueous solutions and to a greater
amount of their electrochemical reduction.

For the synthesized new polymer-metal composites based on an AF-polymer and salts of metals CuCl,,
NiCl,, FeCls, FeSO,, their electrical conductivity was determined to be about 10°~10* Ohm™'-m™, which
allows us to classify them as organic semiconductors with promising applications in microelectronics, for the
manufacture of various kinds of sensors, etc.

Mixed aniline-melamine-formaldehyde polymers (AMFP) were obtained mainly according to the de-
veloped method of synthesis, which consists in carrying out the polycondensation of aniline and melamine
with formaldehyde separately for each monomer (with a 1:1 ratio), followed by their combination.

Metal-polymer AMFP-composites were prepared by two methods: / — in situ by immobilizing metal
chlorides (Cu*", Ni**, Co™"), their oxides and metal nanoparticles (synthesized by chemical reduction of their
cations from aqueous solutions of salts with sodium borohydride and hydrazine hydrate and sonicated) into
the polymer matrix, and 2 — the «impregnation» method. By the XRD analyzes of AMFP composites before
and after their application in electrohydrogenation of 0-NA, the electrochemical reduction of copper cations
from AMFP powder composites doped with CuCl,, CuO and Cu,O and the highest electrocatalytic activity
of composites synthesized in situ were established (Table 1) [25]. As follows from the data presented, the
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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 + CuCl, composites.

Table 1
Electrocatalytic hydrogenation of 0-NA on the copper-containing AMFP composites
. The copper content W, mL H,/min , %
Composites inlg (Ffpcomposite (a.=0.25) (Ot1 0.25) o, %
Cu cathode — 33 27.7 84.0
AMFP (1:1) + CuCl, (1:0.5) 0.150 2.4 20.7 80.5
AMFP (1:1) + CuCl, (1:1) 0.253 4.8 46.7 84.8
AMFP (1:1) + CuCl, (1:1.5) 0.324 6.1 62.7 98.0
AMFP (1:1) + CuCl, (1:2) 0.559 8.5 80.3 100
AMFP (1:1) + CuCl, (1:1) + NaBH, 0.252 4.1 37.2 100
AMFP (1:1) + CuO (1:1) 0.369 4.7 41.7 89.1
AMFP (1:1) + Cu,O (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
(Cu*", Fe**, Zn*") 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 0-NA.

n
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Figure 1. X-ray patterns of the PAni(2) + AFP(1) + FeO(1:0.6) composite
before (a) and after (b) electrohydrogenation of 0-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: CuCl, > ZnCl, > FeCl;
(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 0-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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Table 2
Electrocatalytic hydrogenation of 0-NA on the PAni(2) + AFP(1) + ZnCl, (ZnO) composites
Composites The zinc conten.t in | W, mL H,/min n, % o %
1 g of composite (a=0.25) (a=0.25) ’
Cu cathode - 3.5 25.0 71.0
PAni(2) + AFP(1) + ZnCl, composites
PAni + AFP + ZnCl, (1:2) 0.138 3.7 26.7 78.1
PAni + AFP + ZnCl, (1:2) + NaOH 0.243 4.9 34.4 85.0
PAni + AFP + ZnCl, (1:2) + NH,OH 0.270 54 39.4 97.7
PAni + AFP + ZnCl, (1:1) + evaporation 0.085 6.6 47.7 87.6
PAni + AFP + ZnCly(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) + NH,OH 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) + NH,OH 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 0-NA; in their pres-
ence electrocatalytic hydrogenation of 0-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-a]-
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].
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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
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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.

_ 0 ;
0
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A H (6-10)

R = CHy=CH-CH,- (6); CH;-CH,- (7); C¢Hs- (8);
CgH5-C(O)- (9); 4-Br-C¢H,-C(0)- (10)

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].

96 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Institute of Organic Synthesis and Coal Chemistry ...

AN N OH7/ H'/H,0
N N —_—
I 0O + SCN@ — | S}
Z H,C—C Z H,C~?
NT T TNHN, NTOTETT }

9
N_
md—?
2NN
N/

e

The synthesis of N-allylthiosemicarbazide N-anabasinyl-acetic acid was carried out in a similar way,
and further its acidification leads to intramolecular hetero-cyclization with the formation of 4-allyl-5-
anabasine-nomethyl-1,2,4-triazole-3-thione.

Among the extensive class of sulfur-containing compounds, an important role belongs to derivatives of
dithiocarbamic acids [39, 40]. Derivatives of hydrazides and thiosemicarbazides are known to be important
syntons in the synthesis of azaheterocycles [41]. It was established that using various reagents and changing
the conditions of the reaction, it is possible to direct cyclization towards the formation of 1,3,4-oxadiazoles,
1,3,4-thiadiazoles or 1,2,4-triazoles.

In order to study the influence of the nature of substituents in the hydrazine component on the structure
of condensation products, the interaction of N-morpholinyl acetic acid hydrazide (14) with carbon disulfide
in an alkaline medium was studied. It was established that as a result of the reaction, the potassium salt of
hydrazinodithiomorpholinyl acetic acid (15) is formed, which was used for further syntheses. The potassium
salt of hydrazino-dithiomorpholinyl acetic acid (15) under the action of sulfuric acid (concentrated) at a low
temperature easily undergoes cyclization to 5-(morpholinomethyl)-1,3,4-thiadiazol-2(3H)-thione (16) [38,
39]. In order to optimize this reaction, we studied the conversion of N-morpholinyl acetic acid hydrazide to a
1,3,4-thiadiazole derivative in the interaction of hydrazide with carbon disulfide in an alkaline medium under
the conditions of «one pot» microwave activation in an aqueous medium [39—-42].
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The structure of the substance (16) is confirmed by X-ray structural analysis (Fig. 3).

Figure 3. The spatial structure of the molecule 5-(morpholinomethyl)-1,3,4-thiadiazol-2(3H)-thione (16)
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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].
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7/ I | Y
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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 SISA «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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3.M. MongaxmeroB

OprasHukajbIK CHHTE3 KOHE KOMIPpXUMHUS HHCTUTYThI:
Kasipri skeTicTikTepi MeH 1amy OaraapjaaMasiapbl

Maxkanana «KP OpraHukanblk CHHTE3 JKoHE KeMipxuMus WHCTUTYTB JKIIC-me COHFBI KbUIHAPHI
OpBbIHJIAJIFAaH 3epPTTeyJep HeTi3iHAe oMy jKacajfaH. YIbTPaIbIOBICTHIK JKOHE MMKPOTOJIKBIHABI XUMHS
dnIicTepiH KOMip/i TOTHIKTHIPY JKOHE TOTBIFY TYPJICHIIPY YpZicTepiHe KONIaHy, KaHFaH XKBIHBICTHIH OeTiHe
T'YMHH KbIIIKBUIAAPBIH JKOHE OJIAPJIbIH TYBIHBUIAPEIH MMMOOHIN3aLMsIay YpIAiCTepiH OenceHuipy, coHnaii-
aK TYMHHMHHEpAJAbl KOMIIO3HLUIAPIBI aly MPOLECTEepiHe KOMIPTEKTI HAHOTYTIKTEpAiH dcepi 3epTTeii.
T'ymunni copbenTrepain xaHa OenceHai GpopMaTapbIHBIH KaCHETTEePl aHBIKTAJIBIIT aFbIHIBI CYJNapAbl Ta3apTy
yuin copbentrep peringe cbmHaymap xkyprizingi. VIII-mi tomrarsr (Fe, Ni, Co, Mo) MerammapabiH
KOCBUIBICTAphl HETI3iHJEe KOMIIO3UTTIK KaTanu3aTopylap albIHABI JKOHE aHTpaleH MeH (eHaHTpeHui
THIpHUpIICY TIpOLeCiHAe oyapAblH Oencenpimiri 3eprrenmi. lleommTrep MeH keMip copOeHTTepiHe
KOHJIBIPBUIFaH METAIIAP/BIH Cy/a €PHUTIH TY3/aphl HEeTi3iH/e CHHTE3/IeNreH KOMITO3UTT] KaTaln3aTopapAbIH
KaTBICYbIMEH Ma3yT (pakuMsIapblH KaBUTALMSUIBIK OHJCY/IH OHTAlJIbl IapaMeTrprepi aHbIKTabl.
AunnuHOQOpMANbACTHA — MOJUMEpI  JKSHE OHBIH  MeJaMHHO(GOpPMAaNbAErua  IOJNMMEPIMEH  JKoHE
HOJIMAaHWIMHMEH apajac KOMIO3HULMIIAPbI HETi31H/Ae 3IeKTPKaTaIMTHKAIIBIK KaCHeTTepi 0ap jkaHa MojuMep-
MeTanAbl  KOMIIO3UTTEp  aiblHAbl.  OnapiblH  KYpPbUIBICEI MEH MOPQOJOTHAIBIK  epeKIIeniKTepi
HK-cnekrpockonust, peHTreHo(asanslK Taiagay, aTOMIBI-IMUCCHSIIBIK CHEKTPOCKOIHS JKOHE DIICKTPOH/IBIK
MHUKPOCKOIHS 9J[ICTEPIMEH 3epTTEeNTeH. DIEKTPKATATUTHKAIBIK OCJICEHAITIK OpPraHUKaJIbIK KOCBUIBICTAP IBI
NEKTprupanysayaa 3eprrengi. 4-AvmuHo-1,2,4-tpuazonasH, N-MopdormHmiIcipke sxoHe N-aHa0a3nHHI-
Cipke KbIMKBULIAPEIHBIH THOCEMHKApOa3uATEePiHiH >KaHA TYBIHABUIAPHI CHHTE3ENTeH, ONapIblH KYPBUIBICHI
MEH OHONOTMsUIBIK OCJCEHIUTIr, peakius MeXaHU3MICpi 3epTTeNreH KoHe Je OJapiAbl CHHTE3Aey
szicTeMenepiHiH OHTaMIbI AP TTaPbl YCHIHBLUIFAH.

Kinm co30ep: TyMUH KbBILIKBUIBI, )KaHFAH KbIHBIC, KOMKA0ATTHl KOMIPTEKTI HAHOTYTIKTEP, T'yMHHOMUHEPAIIIBI
KOMIIO3UTTEP, KOMIIO3HMTTI KATAM3aToOpiiap, aHTpaileH, (EHaHTPeH, Ma3yT, T'HAPOTCHH3AIMS, MOJIUMEp-
METAIIBl  KOMIIO3UTTEP, AHWIMHII JKOHE MEJIAMUHO(POPMAIBIETUATI  IOJUMEpIEp, [OJHAHUIIHH,
JJIEKTPKATAIMTUKAIBIK ~ Kacuerrep,  4-amuHO-1,2,4-Tpua3on  TYBIHIBUIAPBL,  (YILIEPOIUPPOIUHIED,
OHoOeICeHIITIK.

3.M. MynnaxmeToB

I/IHCTHTYT OPraHu4eCKroro CuHTe3a u yrilexuMum:
COCTOSIHUE M TNIEPCIICKTUBLI Pa3BUTUSA

CraTbsg HOCUT OO30PHBIN XapakTep MO HUCCICAOBAHUAM, BbINOJHEHHBIM B TOO «MHCTUTYT OpraHMYecKOro
cunTe3a u yrnexumun PK» 3a mocnennue roapl. M3ydeHo npuMeHeHHne METONOB YNbTPa3ByKOBOW M MHKPO-
BOJIHOBOHM XMMHHM K HPOIECCaM OKHCIICHHUS W OKHCIHMTEIHHOTO MOAN(HIMPOBAHUS YIJIEH, aKTUBAIUH IIPO-
LIECCOB MMMOOMIM3AIMY TYMUHOBBIX KHCJIOT M MX IPOM3BOAHBIX HA MOBEPXHOCTH TOPENBIX IIOPOJI, a TaKXKe
BIIMSTHHE YTJIEPOIHBIX HAHOTPYOOK Ha MPOLECCH HOJydeHHs] TyMUHOMUHEPAIBHBIX KOMITO3HINH. M3ydeHsl
CBOIfCTBAa HOBBIX AKTHBHPOBAHHEIX (JOPM I'yMHHOBBIX COPOCHTOB ¥ NPOBEICHBI HCIBITAHHUSI UX B KAaUueCTBE
COpOEHTOB Il OUYUCTKH CTOYHBIX BOJ. IloydeHbl KOMIO3UTHBIE KaTaan3aTOPhl HA OCHOBE COSIUHEHUH Me-
tayutoB VIII rpynnst (Fe, Ni, Co, Mo), 1 u3y4eHa X akTHBHOCTb B MpOLECCE THAPUPOBAHHUS aHTpALlCHA U
(enantpena. OnpezeneHbl ONTUMAIbHbIC TapaMeTPbl KABUTALMOHHOW 00paboTKH (pakiuii MasyTa B NpH-
CYTCTBMU CHHTE3HPOBAHHBIX KOMIIO3UTHBIX KaTaJM3aTOPOB HA OCHOBE BOJOPACTBOPHUMBIX COJIEH METasIOB,
HaHECEHHBIX Ha LEOJIUTHI M yrolbHBIE copOeHTH. Ha ocHOBe aHMIMHOGMOPMAIIBACTHIHOTO HOJIMMEpPA U €To
CMEIIaHHBIX KOMIIO3UIUH ¢ MeJIaMUHO(GOPMAaIbIECTHIAHBIM ITOJMMEPOM U ITOJHAHUIMHOM IOJTYYSHEI HOBBIE
METAJUIONIOIMMEPHBIE KOMIIO3UTHI, OOJIafaronue 3JIeKTPOKATAIMTHIECKUMH CBOHCTBaMHU. VX cTpoenme n
Mopdoiornueckne ocoGeHHOCTH H3ydeHBl Meronamu HMK-cnekrpockommu, peHTreHo]a3oBOro aHalm3a,
aTOMHO-3MHCCHOHHOM CIIEKTPOCKOMHHU U 3JIEKTPOHHON MHUKPOCKOMUH. DIEKTPOKATATUTHYECKAs: aKTUBHOCTh
HCClIeIoBaHa B MPOIIeccax MEKTPOrHAPUPOBAHHS OPraHUYECKUX coeqUHEHNH. CHHTE3UPOBAHBI HOBBIE TIPO-
U3BOJHbBIE 4-amuHo-1,2,4-tpuazona, THOCEMHKap0a3uI0B N-MOpdOTHHUITYKCYCHOM u N-
aHa0a3MHMITYKCYCHOM KHCIIOT, N3y4eHbl UX CTPOEHUE, OMONOTrHYecKasl aKTUBHOCTb, MEXaHU3MbI PEAKIUN H
MIPEUTOKEHBI ONTUMANIBHBIE YCIIOBHUS UX CHHTE3a.

Kniouesvie crosa: TyMuUHOBas! KUCIOTa, TOpeTasl IOPOJia, MHOTOCTCHHBIE YIIICPOJHBIE HAHOTPYOKH, TYMUHO-
MHHEpaJIbHbIE KOMITO3HUTHI, KOMIIO3UTHBIC KaTalM3aTOPHI, aHTpAIeH, (PeHaHTpeH, Ma3yT, THAPOTCHH3AIHS,
TOJIMMEP-METaJUIIeCKUEe KOMITO3HUTHI, aHMIMHO- ¥ MEeITaMHHO(GOPMAaIIbIETHIHEIE MOIUMEph], MOIHaHWIINH,
JNIEKTPOKATATUTHYECKHAE CBOWCTBA, MPOU3BOAHbIE 4-aMiHO-1,2,4-Tpua3zona, QyIeponuppoIuIrHbl, 6HOaK-
THBHOCTb.
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