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Abstract. Introduction. Biodiesel is a new replacement for various types of traditional fuels. There
are many advantages of biofuel, including renewable ones, of less-flammability, and cheaper as compared
with the traditional fuel, reducing the greenhouse gas emissions, and others. However, the primary
challenge of the biofuel production in the large-scale production is related to the purification of its
undesirable impurities such as glycerol, water, methanol, soap/catalyst, free fatty acids, glycerides and
others. Herein, glycerol is an undesired impurity of biofuel, which leads to the problems including i)
deposition in the bottom of the fuel tank, ii) decantation, iii) engine durability problems, iv) setting
problems, v) injector fouling, vi) storage problem, and others. Consequently, there are many ways to
remove glycerol, and herein, the one alternative is the extraction of glycerol from biodiesel via the Natural
Deep Eutectic Solvents. The goal of this work. The mixture of a methyltriphenylphosphonium bromide
and ethylene glycol, as a the Natural Deep Eutectic Solvent is effective in removing glycerol from biofuel.
Methodology. We have investigated the formation mechanism of methyltriphenylphosphonium bromide
and ethylene glycol, as the Natural Deep Eutectic Solvents, and the extraction of glycerol from biofuel via
the Natural Deep Eutectic Solvents via implementing the Quantum Chemical Calculations, using the
HyperChem software. Results. The results imply that there are strong ionic and covalent interactions
between bromine, methyltriphenylphosphonium and ethylene glycol according to the optimized structures,
bond length, energies, and others. Conclusion. The extraction of glycerol from biofuel is mainly achieved
via bromine ion of the Natural Deep Eutectic Solvent, and the structure of the Natural Deep Eutectic
Solvent is remaining unchanged after this process, meaning its stability, and can be reused.
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1. Introduction

There has been a requirement of the new world demand for the replacement
of the energy sources, based on the traditional petroleum-based fuel, due to the
security issue caused by crude oil, continuously burning of petroleum-based fuels,
climate change, and others [1-3]. At this stage, the biofuel is one of the important
biodegradable fuels, which can replace traditional petroleum-based fuels,
including natural gas, coal, and oil. In this regard, biodiesel is an oil-based fuel,
containing alkyl ester long chains, and is mainly produced via the reaction of
lipids with an alcohol to obtain fatty acid monoesters. Biodiesel could be easily
prepared from animal fats, vegetable oils, oleaginous microbial biomass, pine
trees, soybean and others [2-5]. Herein, there are many advantages of biofuel
including renewable, less-flammability, and cheaper fuels as compared with the
traditional fuel, reducing greenhouse gas emissions, and others. Although, the
major challenge of biofuel production in the large scale is connected with the
purification of its undesired impurities, including glycerides, glycerol, water,
methanol, soap/catalyst, free fatty acids, and others [3-6]. Due to this, it is highly
important to remove glycerol from the biofuels content. Glycerol causes many
problems in the biofuel content including i) storage problems, ii) setting
problems, iii) injector fouling, iv) engine durability, v) deposition in the bottom of
the fuel tank, vi) decantation and others [6-10]. At this stage, there are many ways
to remove glycerol from biofuel, and one of the important ways is related to the
extraction of glycerol from biofuel by the Natural Deep Eutectic Solvents.

In the modern society, the Natural Deep Eutectic Solvents are new types of
Deep Eutectic Solvents, lonic Liquids, and traditional solvents. Hence, the
Natural Deep Eutectic Solvents have attracted great attention of the scientists,
because of their many advantages, including the formation from the natural
compounds, high stabilization and extraction potential, bio-degradable, simple
preparation technique, low cost, sustainability, low volatility and others [10-13].
Sequentially, there are many applications of the Natural Deep Eutectic Solvents,
including i) stabilization, enzyme reactions, iii) extraction, iv) biotransformation,
v) bioactivity enhancement, vi) purification of biofuels and others [13-15].
Interestingly, some Natural Deep Eutectic Solvents have been explored, which
can extract glycerol from biofuel [13-17]. For example, 1:1 mixture of glycerol
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and quaternary ammonium salt has been implemented to remove glycerol from
biofuel, and consequently, it has been found that choline chloride and glycerol -
based Natural Deep Eutectic Solvent has been effective in removal of glycerol
from the biofuel content [18]. For instance, 51 wt% of glycerol has been extracted
from biofuel via choline chloride and glycerol - based Natural Deep Eutectic
Solvent at the ratio of 1:1 [18]. Moreover, choline chloride/trifluoroacetamide,
and choline chloride/ethylene glycol - based Natural Deep Eutectic Solvents have
been shown also as an effective for the extraction of glycerol from palm oil
derived biofuel [19]. In addition, Shahbaz et al. reveal that the Natural Deep
Eutectic Solvents formed from methyltriphenylphosphonium bromide and
ethylene glycol are highly effective for the removal of the glycerols, diglycerides,
and monoglycerides from the biofuels content [20]. In this line, a comprehensive
investigation of the formation mechanism of methyltriphenylphosphonium
bromide and ethylene glycol - based Natural Deep Eutectic Solvents and their
application in the extraction of glycerol from biofuel via Natural Deep Eutectic
Solvents are important at the molecular level [17-25].

Herein, we are going to study the intermolecular formation of the
trimethylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents and their extraction ability of glycerol from biofuel, using the
guantum chemical calculation. We had implemented the PM3 method of the
HyperChem software for quantum chemical calculations. Basically, we have
studied the optimized structures, energies, molecular electrostatic maps, and
molecular orbitals for the formation of the Natural Deep Eutectic Solvents and
extraction of glycerol from biofuel via the Natural Deep Eutectic Solvents.

2. Methods and materials

The HyperChem with the PM3 method have been implemented for quantum
chemical calculations in order to get optimized structures, calculate molecular
electrostatic potentials, molecular orbitals, bond distances, and energies[25].
Herein, we have selected methyltriphenylphosphonium bromide (MTPPBI),
ethylene glycol as a computational model of the Natural Deep Eutectic Solvents
(NADES), and glycerol with methyl linoleate as a model of biofuel.

The designed simulation systems are presented in Table 1. As can be seen in
Table 1, initially we have performed quantum chemical calculations for pure
methyltriphenylphosphonium bromide (MTPPBr), ethylene glycol, and then the
mixture of methyltriphenylphosphonium bromide (MTPPBTr) and ethylene glycol
as a Natural Deep Eutectic Solvent. After that, we have simulated a pure modeled
biofuel, which consists of glycerol and methyl linoleate as a mixture and as a
separate form. Finally, we have performed the quantum chemical calculations for
the  process of  extraction of  glycerol from  biofuel via
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents.
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Table 1 — The designed simulation system for the study of the Natural Deep Eutectic Solvent Its
formation and application in the extraction of glycerol from biofuel

MTPPBr EthyleneGlycol Glycerol MethylLinoleate IntendedPurpose
1 - - - PureMTPPBr
- 1 - - PureEthyleneGlycol
1 1 - - NADES
- - 1 - PureGlycerol
- - - 1 PureBiofuel
- - 1 1 Biofuel
1 1 1 1 Extraction
Ebinding = Eas — (Ea —EB) 1)

The calculation formula for binding energy is shown in equation 1. By the
analytical calculations of the second derivatives of energy, stationary points have
been confirmed to be the minima for their potential energy surfaces, respectively.

3. Results

The formation mechanism of methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvents. The 2D structures of
methyltriphenylphosphonium bromide, ethylene glycol, glycerol, and methyl
linoleate are presented in Figure 1. Firstly, to study the intermolecular interactions
for the formation of the Natural Deep Eutectic Solvents, we have studied the
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvents in terms of the optimized structures, molecular electrostatic
maps, molecular orbitals and energies. We have begun our quantum chemical
calculations analysis on methyltriphenylphosphonium bromide and ethylene
glycol - based Natural Deep Eutectic Solventsas can be seen in Figure 2, 3, 4 and
in Table 2.

Ky
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Figure 1 -The 2D chemical structures of Figure 2 — The quantum chemical calculation -
A) methyltriphenylphosphonium bromide, based optimized structures of
B) ethylene glycol, C) glycerol, and D) methyl methyltriphenylphosphonium bromide, ethylene
linoleate. glycol, and the Natural Deep Eutectic Solvents.

The key colors: black: hydrogen; grey: carbon;
green: phosphorus; red: oxygen; yellow: bromide.

92



ISSN 1813-1107, eISSN 2710-1185 Me 4, 2022

TIOMO

o

(MTPPBr)

J“ (MTPPBr)

(Ethylene Glycol)

}* (Natural Deep Eutectic Solvents) &
(Natural Deep Eutectic Solvents)

Figure 3 — The quantum chemical calculation - Figure 4 — The quantum chemical calculation -
based molecular electrostatic maps of based molecular orbitals of

methyltriphenylphosphonium bromide, ethylene methyltriphenylphosphonium bromide, ethylene

glycol, and the Natural Deep Eutectic Solvents. glycol, and the Natural Deep Eutectic Solvents.

Table 2 — Energies for the formation of the Natural Deep Eutectic Solvents. Unit: kcal/mol

MTPPBr Ethylene Glycol Natural Deep Eutectic Solvent

Energy (kcal/mol) -69182.50 -21044.70 -90331.40

Extraction of Glycerol from Biofuel via the Natural Deep Eutectic Solvents.
Secondly, we have studied the extraction of glycerol from biofuel via the Natural
Deep Eutectic Solvents. Herein, we have analyzed quantum chemically calculated
optimized structures, molecular electrostatic maps, molecular orbitals, and
energies for extraction process of glycerol from biofuel via the Natural Deep
Eutectic Solvents as can be seen in Figure 5-7 and in Table 3.
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Figure 5 — The quantum chemical calculation - Figure 6 — The quantum chemical calculation -
based optimized structures of the Natural Deep based molecular electrostatic maps of the Natural
Eutectic Solvents, glycerol, and methyl linoleate. Deep Eutectic Solvents, glycerol, and methyl
The key colors: black: hydrogen; grey: carbon; linoleate. The key colors: black: hydrogen; grey:
green: phosphorus; red: oxygen; yellow: bromide. carbon; green: phosphorus; red: oxygen; yellow:

bromide.
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Figure 7 — The quantum chemical calculation - based molecular orbitals of the Natural Deep Eutectic
Solvents, glycerol, and methyl linoleate. The key colors: black: hydrogen; grey: carbon; green:
phosphorus; red: oxygen; yellow: bromide.

Table 3 — Energies for the formation of the Natural Deep Eutectic Solvents, glycerol, and methyl
linoleate. Unit: kcal/mol

Glycerol Methyl Linoleate Natural Deep Eutectic Solvent +
Biofuel
Energy (kcal/mol) -31376.50 -77595.70 -199310.00

4. Discussion

The first part of our work has been devoted to the study the formation of
methyltriphenylphosphonium bromide ethylene glycol - based Natural Deep
Eutectic Solvents. Initially, we have built and optimized the geometrical structure
of a pure methyltriphenylphosphonium bromide, ethylene glycol, and their
mixture as a Natural Deep Eutectic Solvent. Figure 2 has illustrated the results of
the optimized structures of the methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvent. It can be seen clearly that
bromine ion acts as a connecting agent between the methyltriphenylphosphonium
and ethylene glycol. Moreover, the shortest distances between bromine and
methyltriphenylphosphonium, and between bromine and ethylene glycol have
been 4.92 A and 4.01 A, respectively.

Secondly, we have studied the molecular electrostatic maps for the
geometrical structure of a pure methyltriphenylphosphonium bromide, ethylene
glycol, and their mixture as a Natural Deep Eutectic Solvent. Figure 3 has
illustrated the results of the molecular electrostatic maps of the
methyltriphenylphosphonium bromide and ethylene glycol - based Natural Deep
Eutectic Solvent. It can be seen that the charges are localized around the bromine
ion which is located between methyltriphenylphosphonium and ethylene glycol.

Thirdly, the HOMO and LUMO molecular orbitals have been represented for
the geometrical structure of a pure methyltriphenylphosphonium bromide,
ethylene glycol, and their mixture as a Natural Deep Eutectic Solvent. Figure 4
has illustrated the results of HOMO-LUMO of the methyltriphenylphosphonium
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bromide and ethylene glycol - based Natural Deep Eutectic Solvent. We can note
from Figure 4 that the HOMO orbital is mainly located around bromine ion, while
LUMO is populated around phenyl group of the formed Natural Deep Eutectic
Solvent.

Fourthly, the total energy for MTPPBr has been -69182.50 kcal/mol, and the
total energy for ethylene glycol has been -21044.70 kcal/mol, while the total
energy for the formation of Natural Deep Eutectic Solvent has been around -
90331.40 kcal/mol. Herein, the binding energy for this formation process of the
Natural Deep Eutectic Solvent can be calculated as below:

Ebinging= -90331.40 kcal/mol — (-69182.50 kcal/mol - 21044.70 kcal/mol) = -
104.2 kcal/mol

Herein, a low value of Epinging @S 0bserved in the above calculation suggests a
low melting point of the methyltriphenylphosphonium bromide and ethylene
glycol - based Natural Deep Eutectic Solvent, as compared with the constituent
components.

The second part of our work is related to the extraction of glycerol from
biofuel via the Natural Deep Eutectic Solvents. Initially, we have been built and
optimized the geometrical structure of a pure glycerol, methyl linoleate, and their
mixture as a biofuel with the Natural Deep Eutectic Solvent. Figure 5 has
illustrated the results of the optimized structures of the glycerol, methyl linoleate-
based biofuel in the presence of the Natural Deep Eutectic Solvent. It can be seen
clearly that bromine ion acts as a connecting agent between the glycerol,
methyltriphenylphosphonium and ethylene glycol. Moreover, the shortest
distances  between bromine and glycerol, between bromine and
methyltriphenylphosphonium, and between bromine and ethylene glycol have
been 2.43 A, 2.62 A and 2.65 A, respectively.

Secondly, we have studied the molecular electrostatic maps for the
geometrical structure of a pure glycerol, methyl linoleate, and their mixture as a
biofuel with the Natural Deep Eutectic Solvent. Figure 6 has illustrated the results
of molecular electrostatic maps of the glycerol, methyl linoleate, and their mixture
as a biofuel with the Natural Deep Eutectic Solvent. It can be seen that the
charges are localized around the bromine ion, which is located via glycerol,
methyltriphenylphosphonium and ethylene glycol.

Thirdly, the HOMO and LUMO molecular orbitals have been represented for
the geometrical structure of a glycerol, methyl linoleate, and their mixture as a
biofuel with the Natural Deep Eutectic Solvent. Figure 7 has illustrated the results
of HOMO-LUMO of the glycerol, methyl linoleate, and their mixture as a biofuel
with the Natural Deep Eutectic Solvent. We can note from Figure 7 that the
HOMO orbital is mainly located around bromine ion, while LUMO is populated
around phenyl group of the formed Natural Deep Eutectic Solvent.

Fourthly, the total energy for glycerol has been -31376.50 kcal/mol, and the
total energy for methyl linoleate has been -77595.70 kcal/mol, and the formation
energy of the Natural Deep Eutectic Solvent has been -90331.40 kcal/mol, while
the total energy for the extraction process of glycerol from biofuel by the Natural
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Deep Eutectic Solvent has been around -199310.00 kcal/mol. Herein, the binding
energy for this formation process of the Natural Deep Eutectic Solvent can be
calculated as below:

Ebinding= -199310.00 kcal/mol — (-31376.50 kcal/mol -77595.70 kcal/mol -
90331.40 kcal/mol) = -6.40 kcal/mol

Herein, a low value of Enindging @S 0Observed in the above calculation suggesting
a preferred extraction efficiency of the glycerol from methyl linoleate-based
biofuel via the Natural Deep Eutectic Solvents.

5. Conclusion

In this work, the formation of methyltriphenylphosphonium bromide and
ethylene glycol - based Natural Deep Eutectic Solvents and then the extraction of
glycerol from biofuel via Natural Deep Eutectic Solvents have been studied via
the quantum chemical calculations.

The first part of our work has demonstrated that bromine ion acts as a
connecting agent between the methyltriphenylphosphonium and ethylene glycol
according to the optimized structures, molecular electrostatic maps, molecular
orbitals, and energies.

In the the second part of our work we have concluded that the bromine ion
acts as an extracting and connecting agent within glycerol, the
methyltriphenylphosphonium and ethylene glycol.

The current work could help us make the rational design and improve the
extraction process of glycerol from biofuel by the Natural Deep Eutectic Solvents.
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TABUFU TEPEH 3BTEKTHUKAJIBIK EPITKIIOTIH METHJITPUOEHNI®OCPOPJIBI
BPOMMU/I )KOHE DTUWJIEHI'JIMKOJI HEI'IBIHAEI'T TY31J1Y ME3AHU3MIH KOHE OHBIH
BUOOTBIH/bI TA3AJIAY A KOJIJAHBIJTYbIH ECEIITIK )KOJIMEH 3EPTTEY
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Tyiiinaeme. Kipicne. bruonusens—ka3ipri TaHa I9CTYpIli OTBIHHBIH OPTYPJIi TYpJIEPIH aIMacThIpa ajJaTblH
TUIMII OTBIHHBIH TYpi. BHOOTBIHHBIH 0acKa OTBIH TYpJIEpiHEH KONTEreH apTHIKIIBUIBIKTAphl 0ap, OHBIH
ilIiH/Ie JKaHAPTBUIATHIH, a3 TYTAHFBIII JKOHE TOCTYPIIi OTHIHMEH CAaJbICTBIPFaH/a ap3aHbIpak, MapHUKTIK
ra3jiap UIBIFYBIHBIH a3al0bl KOHE Tarbl Oacka. JlereHMeH, ayKbIMABI ©HIIpiCTeri OMOOTBHIH OHIIPICIHIH
HETI3rl MIHJETi OHBIH INIMIEPHH, CY, METaHOJ, Ca0bIH/KaTaIn3aTop, 00C MaKBIIKBLUIIAPEI, TIHLEPUATED
JKOHE Tarbl 0acka KaeTci3 KocHalapblH Ta3apTyMeH OaiimaHbIcThl. byi skepie riHIeprHO MOOTHIHHBIH
KakeTci3 Kocrackl OonsIn Tabbuianel, o |) skaHnapMaii GarelHblH TYOiHAE TyHABIPY, 1) mexanrarms, I11)
KO3FaJITKBILITBIH Y3aK )KYMBIC icTey npobiemanapsl, V) opHaty akaynapbl, V) HHKEKTOPJBIH JaCTaHYbI,
V1) cakray maceneci xoHe Oackanap. J{eMek, TIUIepUHIl JKOIIbIH KOIITEreH JKOJIIaphl 0ap jKoHe MyH/a
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6ip Oanmama — TabUFU TEPEH IBTCKTUKAJBIK €PITKIINTEp apKbLUIbl OHOAN3ENBICH IUIepHHL any. Taburu
TepeH EBTEKTHKANBIK epITKimTep OacKa epiTKIIITEpACH apTHIKIIBUIBIFEI Oarachl ap3aH, SKOIOTHsFa
3USIHCBI3, ICHCAYJIBIKKA KayiICi3, KOJ KeTIM/Ii )KOHE Tarbl 0acKa apThIKIIBLIBIKTAPHI 0ap. By dcymbicmbiy
Maxcamel TaOUFU TEPeH OSBTEKTHKAIBIK epiTKi peTiHne Merwiarpupenmwipochoruii Opomuai MeH
STHJIEHITIMKOJIb KOCIIACHIHAJIBIN, OMOOTHIHHAH INIMIEPHUHII OCBl KOCIAMEH KeTipy. Odicmemeci. Bi3
Ta0Wfu TEpeH OBTEKTUKANBIK epiTkirep perinae wetuarpudernidocdhonuit OpoMHIiHIH KOHE
STWJICHIJIMKOIB/AIH ~TY3Uly MEXaHu3MiH 3eprrenik, coaaH keiliH HyperChem Oarnmapnamanbik
’KacaKTaMachlH IalijlallaHa OTBIPHII, KBAHTTBHIK XUMISUIBIK €CENTEYNIepi SHIi3y apKbUIbl TaOMFH TepeH
9BTCKTHKAJBIK EpITKIIITEp AapKbUIBl OWOOTHIHHAH TIVIMLIEPHHII AIABIK. JKymvicmuly Hamudcenepi.
Hotwxkenep oHTailmaHABIPbUIFAH KypbUIbIMZApFa, OailflaHbIC Y3bIHABIFBIHA, DHEPrUsUIapFa JKOHE Tarbl
Oackara colikec O6poM, MeTunTpupeHnnHocHOHMIT KOHE ITHIICHIIUKONb apaChIHAA KYLITI HOH/BIK JKOHE
KOBAJICHTTIK ©3apa 9peKeTTeCyNep/iH 0ap ekeHiH kepcerei. Kopbimuiidvl. BUOOTHIHHAH TIUIIEPUH]I Aty
HETi31HEeH TaOUFU TEpPeH BTEKTUKAIIBIK €PITKIIITIH OpOM MOHBI apKbUIBI JKY3€re achIpbUIajibl, all TaOUFu
TEpeH OABTEKTHKAJBIK EPITKIIITIH KYpbUIBIMBI OCBI TMPOLIECTEH KEHiH e3repicci3 Kamaabl, Oy OHBIH
TYPAKTBUIBIFBIH O111ipe/ii xoHe KaifTa naiigananyra 601aThlH KOpceTesi.
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Pe3tome. Bseoenue. buonuszens — 3(h(EKTHBHOE TOIUIMBO, CIIOCOOHOE CEroJHsI 3aMEHHTh pa3lIHYHbIC
BUJIbI TPAJIMIUOHHOTO TOIUIMBA. BHOTOIUIMBO MMeET MHOTO MPEMMYLICCTB [0 CPAaBHEHHIO C IPYTHMH
BUIAMH TOILUIMBA, B TOM YHCIEe BO30OHOBIEMOCTh, MCHEE BOCIUIAMEHSIONIEEC U Oojee ACLIeBOe, YeM
TPaAMIMOHHOE TOIUIMBO, OOJiee HHM3KHE BBIOPOCHI MAPHUKOBBIX Ta30B M MHOroe japyroe. OnHako
OCHOBHasi mpobiieMa IPOM3BOACTBA OHOTOIUIMBA B KPYITHOMACIUTAOHOM IIPOM3BOJCTBE CBS3aHA C
OYHCTKOM €ro HeXeJaTeNbHBIX NPUMECeH, TaKMX Kak TIIMIEPHH, BOJA, METaHOJN, MBUIO/KATaIU3aTop,
CBOOOJHBIC JKUPHBIC KHCIOTHI, TIHLEPHIABI M JpyrHe. 3Aech TIMLEPUH SBISACTCS HEXelaTeIbHOM
MIPUMECHI0 OMOTOIUINBA, KOTOpasi MPUBOIHUT K MpobiieMam, BKItouyas ) OTiIokeHHEe Ha JTHE TOIUIMBHOIO
6axka, Il) nexantauuto, Il) mpobiemsl ¢ gonroBeynocTsro aBurarens, V) npobuemst ¢ HacTpoiikamu, V)
3arpsizHeHue GopcyHok, V1) npobiiemsl ¢ xpaneHuem u apyrue. CiieoBaTeNnbHO, CyIIECTBYET MHOKECTBO
croco0OB ynaleHHs TIMIEPUHA, ¥ B JAQHHOM Cllydyae OJHOM W3 aJbTepPHATUB SIBISICTCS H3BICUCHHE
TIHLEepUHA U3 OHOIU3ENIBbHOTO TOIUIMBA C TIOMOIIBIO HATYPAIbHBIX PACTBOPHTENEH TITyOOKO# 3BTEKTHKH.
IIpeuMymiecTBa  NPUPOAHBIX  [IyOMHHBIX ~ OBTGKTHYECKMX  PACTBOPHUTENCH  Mepex  APyrHMHU
PAaCTBOPHUTEISAMH 3aKIIOYAIOTCST B MX JCLICBH3HE, OKOJOIMYHOCTH, OE30IMAaCHOCTH I 3I0pPOBbS,
JOCTYIIHOCTH " T.JA. Llenvto damnoii pabomel SBIAETCA ylaleHUE TNIHIEPUHA M3 OHOTOIUINBA CMECHIO
Metmwitpupermndochonuss OpoMuIa U STUICHIIIUKOIS B KA4ECTBE IPUPOAHOTO PAaCTBOPUTENS TITyOOKOM
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9BTEKTUKH. Memooonoeus. Msi HCCIIeI0BaN MEXaHHU3M obpa3oBaHust OpomMucToro
MetuitpupeHnnGocHoHnsT U OSTUICHIIIMKONS B KAyecTBE IMPHPOJIHBIX PACTBOpUTECH TIi1yOOKOit
9BTEKTUKH, & 3aTeM M3BICKIM [JHMUICPUH M3 OHOTOIUIMBA C IMOMOIIBIO MPUPOJHBIX PAaCTBOPHUTEICH
rIyOOKOW JBTEKTHKHM IIyTEM peallM3allid KBAHTOBO-XMMHYECKHX pPAcyeTOB C HCIOJIB30BAaHUEM
nporpammuoro obecrieueruss HyperChem. Pesyismamut. Pe3ynbraThl MOKa3blBAlOT CUIIBHBIE HOHHBIC U
KOBAJICHTHBIC B3aMMOJCHCTBUSI MexIy OpoMoMm, MertunTpupeHuipochoHHEM U STHICHIIIMKOIEM B
COOTBETCTBUH C ONTUMHU3UPOBAHHBIMU CTPYKTYpaMH, AJIMHAMH CBSI3€H, SHEPTHAMH U T. 1. 3aKiloueHue.
W3Bneyenne rmmnepuHa u3 OMOTOIUIMBA B OCHOBHOM OCYIIECTBIISIETCS MOHOM Opoma INpPUPOIHOTO
pacTBOpHTENsT I'TyOOKOW OBTEKTHKM, INPU OTOM CTPYKTypa NpPUPOAHOTO pPACTBOPHUTENS IIyOOKOM
IBTEKTUKH IOCJIE ITOTO IMPOLECCa OCTACTCS HEU3MEHHOM, YTO CBHUIETEIBLCTBYET O €ro CTaOMIBHOCTH U
BO3MOXHOCTH MTOBTOPHOT'O HCIIOJIb30BAHHSI.

KawueBble ciioBa: Mmeruntpudenmnpochonuii OpOMUI, STHICHIIIUKONb, [JIHLEPHH, OHWOTOILIUBO,
IKCTPAKIHS
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