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Separation of the menthol enantiomers on the sorbent
based on supramolecular network structure
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In this paper, the possibility of the analytical separation of the menthol enantiomers on chiral supra-
molecular structures of uracil and melamine with chirality induced by the mechanical agitation was studied
by gas chromatography and impedance spectroscopy. It is found that the structure of uracil and melamine
placed on an inert support has showed the ability of menthol enantiomer separation in mode of gas chroma-
tography. Application of impedance spectrometry with processing of obtained data by the method of the main
components has allowed to reveal the difference in the signals between the optical isomer of menthol.

Keywords: enantiomer, chiral supramolecular structure, uracil, melamine, gas chromatography, im-
pedance spectroscopy

PaspgeneHune dHAHTUOMEpPOB MEHTOJ1a Ha COpGGHTaX
Ha OCHOBE CynpaMoJieKyrnApHbIX ceTHYAaTbIX CTPYKTYP

I'ycekoB B.1O., CunensuukoB A.B., Cyxapesa [.A., I'aitnyunna FO.1O.,
Kynamesa @.X., Maiictpenko B.H.

Dedepanvroe 2ocyoapcmeernoe 0I00dcemnoe 00pPA308aMeNbHOE YUPeNCOeHUe BbICULE2O NPOPDECCUOHATLHO-
20 obpaszosanus Bawkupckuil 2ocyoapcmeennulii yHugepcumem, Yga

Co3naHue HOBBIX MOJXOAOB K Pa3feiICHUI0 YHAHTUOMEPOB OCTAETCS OAHOM M3 BaXKHBIX 3a/ad aHa-
JUTHUYECKON XMMHH, 110 MPUYMHE ONTHYECKOW aKTHBHOCTH IIMPOKOTO KpyTra JIEKapcTB M OMOJIOTMYECKH aK-
THUBHBIX COEAMHEHUH. B 3TOH CBsI3M MpeacTaBisieT MHTEPEC UCIIONIB30BaHIE COPOEHTOB Ha OCHOBE CYIIPaMo-
JEKYISPHBIX CTPYKTYp ¢ MHAYLUPOBAHHOM XHMPAIbHOCTHIO. METONIOM CKaHMPYIOWIEH TYHHEIBHOW MHKPO-
CKOITMM OBUIO yCTaHOBIICHO, YTO aXMPAJIBbHBIE COCIUHEHHS CHOCOOHBI CTPYKTYPHPOBATHCS B CYNPaMOJIEKY-
JSIpHBIE aHCAMOIHM, B KOTOPBIX MMEIOTCSI TOMOXHpalbHbIe JOMEHBL. [Ipn Hamumuuy BHEIIHETO BO3ACHCTBUS
BO3MOYKHO MHIYLIUPOBATh B TAKMX CTPYKTypax NPEUMYLIECTBEHHOE HAJIMYME OJHOTO U3 JIByX THIIOB IOME-
HOB. B KadyecTBe TaKOro BHEUIHEr0 UCTOYHMKA MOTYT BBICTYNATh MOJISIPU30BAHHBIN CBET, JOOABIEHHE ONTH-
YeCKM aKTUBHOTO COEIUHEHUS, YIbTPa3BYKOBbIE M JIa)Ke 3BYKOBBIE BOJHBI, a TaKKe JAMHHApPHBIA MOTOK
JKUJIKOCTH (HarpuMep, BpalleHHe Memanku). [loaTomy npejicraBiisieT HHTEpEC MCIOJIb30BaHUE TTOBEPXHO-
CTE! ¢ HAHECEHHBIMU CYNPACTPYKTypPaMU aXUPAJIbHBIX COEAUHEHUN C MHIYLUPOBAHHON XUPAIBHOCTBIO IS
paszeneHus SHaHTHOMEpoB. B pabore mMeTonom ra3oBoil xpomarorpadyy U UMIIEAAHCHOW CHEKTPOCKOIHMU
M3y4eHa BO3MOXKHOCTH pa3J/iesIeHHs] SHAHTHOMEPOB MEHTOJIa Ha afcopOeHTax M IOBEPXHOCTSX, ITOKPBITHIX
CJI0EM CYNpaMOJIEKYJIAPHBIX CTPYKTYp ypaluia U MeJlaMHHA B PeXXHME HAIIPABICHHOTO TOTOKA YACTHIL.

Jst TazoxpomMaTorpauuecKoro U3y4eHus ypanumil 1 MeJJaMUH HaHOCHIIMCh Ha MHEPTHBIH HOCHUTENb
IPY MHTEHCHBHOM pa3MemnBaHuu. [lomydeHHbIN 00pa3en HaoJHAIN B XpOMaTorpaguIecKyio KOJOHKY H
n3ydanu yaepkuBaeMble 00bEMBI D- 11 L-MeHTONa Tipy pa3nuyHBIX TeMIiepatypax. B ciiydae nmmnenaHcHOI
CIEKTPOMETPUH MOIU(PHUIIMPOBAHHBIH HHEPTHBIN HOCUTENb HAHOCHIIN Ha AJIEKTPOJ U CHUMAJIU CIIEKTPhI M-
MeJaHca B yCIOBUSIX CTaTHYecKoil copbumu. IlomydeHHble TpH 3TOM JaHHBIE Aanee 00pabaThIBa XEMO-
METPUYECKHU C UCIOIb30BAHUEM METOA INIABHBIX KOMIIOHEHT.
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B pesynbraTe mccieoBaHUsS yCTaHOBICHO, YTO MEHTOJIBI CITIOCOOHBI pa3fesaThcs Ha HHEPTHOM HO-
curene, MOAUGHULIMPOBAHHOM KaK YPalUIoM, TaK U MEIaMHHOM, B YCIOBHUSIX XpOMAaTOTrpaduuecKoro sKcre-
pUMEHTa B IIUPOKOM [HAIla30HE TeMIeparyp. MeTomoM MMIIEIaHCHOW CIIEKTPOMETPHH YCTAHOBIIEHO, YTO
azcopOIMsa SHAHTHOMEPOB MEHTOJIA MPOTEKAET C PazIMYHON CKOopocThio: D-menTtona 3a 10 muHyT, a L-
MEHTOJIa — 32 24 MUHYTHI.

KiawueBble cJIoBa: 3HAHTHOMEPHI, XMPAIbHBIC CYIPAMOJICKYJISPHBIC CTPYKTYPBI, ypaiui, Meia-
MHH, ra3oBasi XpoMaTorpadus, UMIIeaHCHAs CIEKTPOMETPHUS

Introduction

The development of new approaches to the separation of enantiomers remains one
of the most important problems of analytical chemistry, because there is a wide variety of
drugs and bioactive compounds with the optical activity. The first methods of analysis of
enantiomers were gas chromatographic separation on the chiral amino acid derivatives,
implemented by Gil-Av and separation in mode of ligand chromatography proposed by
Davankov. To date, the development of new surfaces capable of chiral recognition is rele-
vant to the fields of analytical chemistry, such as chemical and biological sensors [2-4], as
well as gas and liquid chromatography [5-7].

The ability to directly research of the surface of different types of supramolecular
structures at the molecular level has came with the progress of visualisation the surface of
solids (scanning tunneling microscopy, atomic force microscopy). It is possible to establish
the presence on the surface of different supramolecular assemblies of chiral domains,
formed due to the formation of mirror asymmetrical superstructures [8-10]. So the possi-
bility of the use of the such structures in analytical chemistry for the separation of enan-
tiomers is a topical issue in modern chemistry.

If the superstructure formation in the solution is observed of the molecules normal
Brownian motion takes place in the absence of directed flow of particles solution. If the
normal Brownian movements of molecules in solution is observed during the formation of
the superstructure (i.e., the solution is not stirred or stirred intensively), there is no directed
beam of particles in the solution. This leads to the fact that the amount of R- and S-chiral
domains is identical and the overall surface is a racemate. If the directional flow of the par-
ticles are intentionally produced in the solution (laminar flow of liquid or accurate mixing),
the superstructure can be macroscopically chiral [11].

In this paper, the separating possibility of the enantiomers of menthol on adsorbents
and surfaces covered with a layer of supramolecular structures of uracil and melamine in
mode of the directional flow of the particles has studied by gas chromatography and im-
pedance spectroscopy.

Experimental

Uracil (Avilon, Moscow, Russia) and melamine (Agropromservice, Moscow, Rus-
sia) previously purified by recrystallization were used as monomers for the formation of
superstructures. Inert support Inerton NAW (Chemapol, Prague, Czech Repablik) and por-
ous polymer adsorbent Dowex L-285 were chosen as the initial adsorbent. Application was
carried out in dilute aqueous solutions on automatic magnetic stir bar Dragon MS-H280-
Pro (DragonLabs, China) at a temperature of 30+0.5°C. The directional flow of particles is
created accurate stirring of solution at rate 500 rev/min. Amount of an applied modifier
was 10% of the mass of the initial support.

Chromatographic research was conducted on a gas chromatograph GC-1000 Chro-
mos (Himanalitservis, Dzerzhinsk, Russia) and CVET-500M, equipped with a flame ioni-
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zation detector, on a packed column with length equal 1 m and an internal diameter of 3
mm. The rate of carrier gas (nitrogen) was 10-20 ml/min. Column oven temperature ranged
from 70 to 140°C, the temperature of the evaporator and the detector was 200°C. Samples
modified by uracil conditioned at 130°C; cyanuric acid - at 140°C. Optically pure D- and
L-menthol (Sigma-Aldrich, USA) were used.

Values of the specific retention volume were calculated from the experimental data.
Selectivity factor a was calculated as the ratio of the specific retention volume of enantio-
mers:

Ve
v,

where index R represents an enantiomer with a high content; S - smaller.

Research of impedancemetric behavior of enantiomers on electrodes modified sor-
bents was conducted using a three-electrode cell. At this stage of the research electrodes
made of stainless steel are used as impedancemetric sensors.

Frequency range of alternating current is 500 kHz to 50 Hz. Direct current potential
is 0.00 mV. Concentration of enantiomers is 1.00*¥10™* g/l. The solvent is distilled water.
Impedance spectra were recorded continuously under static sorption of menthol (+ and -)
of the aqueous solution for 140 minutes at a rate 1 spectrum per minute. Previously sorbent
was kept in water for 140 minutes, with simultaneous fixing of the impedance spectra of
blank experiment.

The principal components method was used as the base of multivariate signal
processing method. This method allows you to split the matrix of experimental data into
two parts - informative and noise. Each spectrum of data can be presented in a multidimen-
sional space as a potential single point, after which it is projected on a first principal com-
ponent, which is built along the maximum data changes. Then, the follow principal com-
ponent, which should be orthogonal to all other principal components and lie in the direc-
tion of the next larger changes in the data, is constructed. Thus, there is the data compres-
sion: a plurality of impedance values is a set of generalized coordinates X, y, z, etc. (PC1,
PC2, PC3) depending on the number of selected principal components. The number of
principal components required for data modeling, was selected according to the schedule
of the explained dispersion. The principal component analysis transforms multivariate data
into a new coordinate system - the system of principal component the beginning of which
is at the center of the field of data, and the direction of the principal component is deter-
mined by hidden regularity typical of the experimental data. Similarities and differences
between the experimental data is established by mutual location points in the subspace of
the principal components, called score plot. You can also monitor changes in the system
water / enantiomer / sorbent / sensor under enantiomers sorption from aqueous solutions.

As a preliminary preparation of the data autoscaling was carried out - raw data was
centered and normalized. Normalization of data was performed by dividing each element
of the data matrix by S4.y of the corresponding column.

For the impedancemetric determination of enantioselectivity sorbent was previously
kept in water for 140 minutes, with simultaneous fixing of the impedance spectra of blank
experiment. In both cases, the sorbent 5% after 10-15 minutes break in curve was ob-
served, and then the system gradually moves to the equilibrium state with a small dis-
placement state. After holding the sorbent in water and equilibration aliquot of 2 mL of
water over the sorbent was removed and the same volume of menthol solution was placed
in a cell, and the solution was stirred, spectra were recorded for 140 minutes (a rate 1 spec-
trum per minute).

o

(1)
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Results and Discussion

Values of the specific retention volumes and factor of selectivity on inert support
modified by uracil and melamine obtained in gas chromatography are shown in Table 1.
As it follows from the data, a significant difference in the values of the specific retention
volume of enantiomers was observed in a wide range of temperatures. The maximum value
was observed on the uracil at 70°C. For melamine greatest factor of selectivity was at
80°C. At 95°C retention volumes varied within the error. At temperatures above 100°C the
pentane solvent peak superimposed on the peak of the analyte, which made it impossible to
analyze.

Table 1. The values of the specific retention volumes and the factor of selectivity of D- and
L-menthol on an inert support Inerton NAW, modified by uracil and melamine

uracil melamine
T, °C Veun Veon
D L ¢ D L a
50 15.2+0.2 29+1 1.944+0.09 118.2+0.9 119.0+0.8 1.01+0.01
55 10.1+£0.3 2142 2.04+0.26 39+1 4341 1.11+0.07
60 15.3+0.2 2441 1.55+0.11 46+1 27.7£0.9 1.66+0.10
65 11.020.1 12.0+0.2 1.09+0.03 20.7+0.6 19.5+£0.4 1.06+0.05
70 8.1+£0.6 19.0+0.1 2.35+0.21 12.7+0.2 17.3+0.3 1.36+0.05
75 13.1+0.5 19.440.3 1.48+0.07 10.5+0.5 11.9+0.9 1.13+0.14
80 13.3£0.2 16.6+:0.9 1.25+0.08 12.0+£0.5 22.0+£0.5 1.83+0.11
85 14+2 23.3+0.6 1.66+0.25 4.34+0.3 5.5+0.2 1.28+0.13
90 20.2+0.7 28.54+0.1 1.41+0.11 2.7+0.2 3.0+0.2 1.11+0.14
95 8.9+0.3 8.7+0.4 1.02+0.09 2.840.1 2.7+0.2 1.044+0.13
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Fig. 1. Kinetic curves of accounts of the real impedance component at the sorption
of enantiomers a) Menthol (+) and b) Menthol (-) on the sorbent Dowex L-285
modified by 5% uracil

The results of PCA-modeling of the kinetic data are presented in Fig. 1-3. It was
found that for the enantiomers of menthol difference in the time of establishing equilibrium
of sorption processes and in the number of stages of sorption is observed. Thus, the kinetic
curves of the real component of the impedance (fig. 1) which characterizes the activity of
menthol in solution shows that menthol (+) is characterized by five equilibrium states. The
time of transition from the first to the second kinetic sorption degree is about 10 minutes.

Gus ’kov et al. / Copbumonmsie 1 xpomarorpadmaeckie mporeccsr. 2016. T. 16. Ne 6



801

PCZ Scores Pz Seores

=
|
n
3
=
|
o
&

.
|

: m

o

o

o

&

: , T : , T . . ; T T T
-0 i 10 20 -2 -0 -15 -0 5 i 5 10
Wl I (5%)  -expl: 69%,15% Y-expl: 89%,10%

a) b)
Fig. 2. Kinetic curves of accounts of the imaginary impedance component at the
sorption of enantiomers a) Menthol (+) and b) Menthol (-) on the sorbent DowexL285
modified by uracil 5%
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Fig. 3. Kinetic curves accounts of the real (a) and imaginary (b) impedance compo-
nent at the sorption of menthol (+) on the sorbent DowexL285 modified by 1% uracil
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For menthol (-) according to the impedance break in curve was not observed. Kinet-
ic data of the imaginary component of impedance, characterizing the sorption processes at
the electrode surface (Fig. 2) show that the end time of the first stage of the process for the
sorption of menthol (+) is 10 minutes and for menthol (-) 24 minutes. This can indicate dif-
ferent rate of sorption process of optically active compounds on modified sorbent.

Conclusion

Thus, in a results it found that supramolecular structure of melamine and uracil are
capable of separating enantiomers of menthol at a temperature below 95°C. Approach to
the study of the kinetics of sorption processes using methods impedanse spectroscopy and
chemometrics (CIM) is proposed and tested. Opportunity in the real condiction and in the
on-line mode to obtain kinetic curves of sorption of enantiomers and study the nature of
the sorption processes are the advantages of this method. It was established, that the differ-
ence in time of achievement of the equilibrium state of the optically active isomers on sor-
bents synthesized in the performance of the project.
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