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Abstract. A device and a method for sample preparation have been developed, which make it possible
to implement successive stages of thermal separation of volatile components from a solid (liquid)
matrix, their capture from the gas phase by a solid sorbent, and liquid microextraction of sorbates
for further gas chromatographic analysis. The device and the algorithm of its application for GC—
MS determination of a number of volatile organic compounds from matrices with complex chemical

composition have been tested.

Keywords: sample preparation, sample preparation device, headspace analysis, sorption, liquid

microextraction, volatile organic compounds, GC, GC-MS.

Citation: Oberenko A.V., Kachin S.V., Sagalakov S.A. Device and method of sample preparation for gas chromatographic
determination of volatile organic compounds in complex matrices, J. Sib. Fed. Univ. Chem., 2021, 14(1), 82-90.
DOL: 10.17516/1998-2836-0218

© Siberian Federal University. All rights reserved

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: krasandrew@mail.ru

ORCID: 0000-0002-1156-9644 (Oberenko A.); 0000—0002—7162—-449X (Kachin S.); 0000-0002—-6459—-8852 (Sagala-

kov S.)



Journal of Siberian Federal University. Chemistry 2021 14(1): 82-90

YcerpoiicTBO 1 MeTOAUKA MPOOONOAT0OTOBKY 00pa31oB
Uil Ta30XpoMaTorpagpuuecKuX UCCAeJ0BAHUM
€ UCNIO0JIb30BaHUeM napoga3Hoil COpOLMOHHOMI

MHKPOIKCTPAKIUA KOMIIOHCHTOB

A.B. O6epenko?, C.B. Kaunn®, C.A. Caranakos®

1 DKChepMHO-KPUMUHATUCTUYECKULL YyeHmp Ynpasnenus

na mpancnopme MB/] Poccuu no Cubupckomy gedepanbHomy okpyey
Poccuiickaa ®edepayus, Kpacnospck

*Cubupckuii hpedepanvhviii ynusepcumem

Poccuiickaa ®edepayus, Kpacnospck

AnHoTauus. Pazpaborano ycTpoiicTBO U METOMKA IIPOOOIIOATOTOBKU 00Pa3L0B, TO3BOJISIOLINE
peanu3oBarh NOCIEJ0BATEIbHBIE CTAJUU TEPMUUECKOTO BbIIEICHHUS JIETYYUX KOMIIOHEHTOB U3 TBEPIOH
(KUIKON) MaTPHUIlbI, UX yJIaBIMBaHUE U3 ra30BOil (a3bl TBEPABIM COPOCHTOM U KHIKOCTHY O
MHUKPOIKCTPAKITUIO cOPOATOB ISl aIbHEHIITUX Ta30XxpoMaTorpadudeckux uccienosanuii. [Iposenena
ampoOanus yCTpOMCTBA U aArOpUTMa ero NpuMeHeHus 1Jis [ X- 1 Macc-CneKTPOMETPUIECKUX
ONIpEeJIeJICHUH psijia JIETYyUYUX OPraHUYEeCKUX COEAMHEHUM U3 CI0XKHBIX 10 CBOEMY XUMUYECKOMY

COCTaBY MaTpHII.

KurroueBbie cJjioBa: mpoOOMOAroTOBKa, yCTPOMCTBO ISl HPOOOMOATOTOBKH, Tapoda3HbIid aHAIH3,
COpOIHS, )KUJAKOCTHASI MUKPOIKCTPAKIIKS, JIETYYHE OPraHHUeCKHEe COSAUHEHH S, Ta30Bast XpoMmaTorpadusi,

XpOMAaTO-Macc-CIeKTPOMETPHU .

Hurnposanue: O6epenko, A. B. YerpolicTBo n MeToaMKa TPOOONOATOTOBKH 00pa3IOB I Ta30XpoMaTorpapuuecKux
HCCIIEZIOBAHUHN C HCIIONIb30BaHMUEM TTapo(a3HOil COPOIIMOHHOI MUKPOAKCTpaKIMK KoMioHeHTOB / A. B. O6epenko, C. B. Kaunn,
C.A. Caranaxkos // Xypu. Cub. dpenep. yu-ta. Xumus, 2021, 14(1). C. 82-90. DOI: 10.17516/1998-2836-0218

Introduction

The successes of modern gas chromatography (GC) are largely associated with the development
of efficient methods of sample preparation: processes and devices [1-3]. Isolation and concentration
of target components from matrices with complex chemical composition can provide a significant
increase in the selectivity and sensitivity of GC determinations already at the sampling stage. For
example, in headspace sampling, the gas phase above the object, which contains volatile compounds,
isanalyzed, which reduces the influence of matrix effects. The use of microextraction can significantly
reduce the volume of the analyzed sample and increase the concentration of the component. The
efficiency of microextraction has been demonstrated on numerous examples in the «Headspace»
(HS) sample preparation methods for the separation of volatile and semi-volatile components in a
vapor state under dynamic or static conditions from complex matrices such as biological samples,

pharmaceuticals, food products, soils [4—8]. The following combinations of processes and devices



Journal of Siberian Federal University. Chemistry 2021 14(1): 82-90

Table 1. Limitations and disadvantages of HS sample preparation methods

Method Method Limitations and Disadvantages
SPME fragility of quartz fibers, degradation of polymer coatings when using metal carriers,
rather high cost of consumables that are not produced in Russia.
ITSPME " - . "
SPDE Small capacities and a limited set of extraction phases, decomposition of the polymer
coating during desorption, lack of commercially available models.
PNME
SDME Instability of a solvent droplet and the possibility of its detachment from the needle,
solvent evaporation at high temperatures.

were used: static (SPME) [9] and dynamic (SPDE) [10] solid phase microextraction, in-tube solid-
phase microextraction (ITSPME) [11], single dropmicroextraction (SDME) [12] hollow fiber-based
liquid phase microextraction (HF-LPME) [13], sorbent-packedneedle-trap device (SP-NTD) [14].
Despite the advantages of the methods described [9—-14], they are also not devoid of a number of
limitations and disadvantages (Table 1).

The aim of this work was to develop a combined method for sample preparation, including the
processes of vapor-phase separation of volatile components, their capture from the gas phase with
a solid sorbent and subsequent liquid microextraction of sorbates, as well as the development of a

corresponding device.

Experimental

Materials and methods

Devices and equipment: Chromatograph «Kristall 5000.2» (Russia) in the following
configuration: quartz capillary column (L = 20 m, @ = 0.25 mm) with dimethylsilicone phase
containing 5 % phenyl groups (HP SMS type); quadrupole mass spectrometric detector «ISQ».
Thermostat EB-18 Jouan (France). Measurement conditions: ionization by electron impact (energy
70 eV); temperature of the evaporator and detector interface — 280 °C; programming the temperature
of the column thermostat from 50 °C (initial) to 200 °C (final), the rate of rise temperature is
20 °C/min; holding time at final temperature 5 min; carrier gas — helium; carrier gas flow rate —
1.0 ml/min; sample injection mode — split flow (Split 20: 1), sample injection volume 1 pl. Reagents
Methanol (Merck, chemically pure grade), dichlomethane (analytical grade, OOO Komponent-
Reaktiv), trichloromethane (analytical grade, ZAO Vekton), carbon tetrachloride (analytical
grade), ZAO EKOS-1), hexane (analytical grade, ZAO Vekton), diethylamine (analytical grade,
ZAO Mosreaktiv), triethylamine (analytical grade, ZAO Mosreaktiv), tetrahydrofuran (analytical
grade, OOO Komponent-Reaktiv), dioxane (analytical grade, OOO Komponent-Reaktiv), toluene
(analytical grade, ZAO Baza No. 1 Khimreativov), silica gel ASKG, fraction 0.2—-0.5 mm, helium
grade «A» (OJSC Gazprom).

Device for conducting vapor-phase sorptivemicroextraction

The device for conducting vapor-phase sorptivemicroextraction consists of a hermetically sealed
vial made of thermally stable glass with an analyzed sample and a conical glass insert with a hole in

the upper part, at the bottom of which there is a sorbent (Fig. 1).



Journal of Siberian Federal University. Chemistry 2021 14(1): 82-90

Fig. 1. Device for vapor-phase sorption microextraction of samples. Crimp sealed lid — 1, glass insert — 2, vial — 3,
sample — 4, sorbent — 5

The sample to be analyzed is placed in the vial in the form of a solution or a solid phase ground
to a powder form. Next, a glass insert with the selected sorbent is placed in the vial. The vial is
sealed with a crimp hermetic lid and placed in a heating device for thermal separation of volatile
components from the sample matrix into the gas phase with their subsequent sorption with a solid
sorbent. Upon completion of these processes, the vial is removed from the heating device and cooled
to room temperature. The sorbent is treated with a certain volume of solvent by using a microsyringe,

and the resulting extracts are subjected to GC—MS studies.

/\ Heating Extraction —> GC-MS

l

- volatile components + - solvent

+ - nonvolatile components

Fig. 2. The principle of operation of the device for conducting vapor-phase sorption microextraction

Sample preparation

Model solutions of volatile organic compounds of various natures in methanol were prepared
(Table 2).
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Table 2. Concentrations of model solutions

Concentration, g/L
Component - - - -
Solution Ne 1 Solution Ne 2 Solution Ne 3 Solution Ne 4
dichlomethane 5,3 0,53 0,11 0,053
hexane 2,6 0,26 0,05 0,026
diethylamine 2.8 0,28 0,06 0,028
trichloromethane 59 0,59 0,12 0,059
tetrahydrofuran 3,6 0,36 0,07 0,036
carbon tetrachloride 6.4 0,64 0,13 0,064
triethylamine 2,9 0,29 0,06 0,029
1,4-dioxane 4,1 0,41 0,08 0,041
toluene 3,5 0,35 0,07 0,035

Results and their discussion

To check the possibility of separating and detecting the analyzed compounds, the model mixtures
were chromatographed under the above conditions. Component peaks were identified by comparing
the obtained chromatograms, mass spectra of the studied and standard samples using the literature
data and the NIST14 library. The search and comparison of mass spectra was carried out using the
NIST MS Search 2.0 program. The percentage of coincidence of the experimental mass spectra with
the library ones was at least 90 %. It was found that with the selected chromatographic parameters, an
effective separation of the mixture components is achieved. Although a decrease in the split of the flow
gives a slight increase in sensitivity, it leads to a deterioration in the chromatographic separation of the
components. Atypicalchromatogram of a model mixture is shown in Fig. 3.

In order to assess the applicability of the device for the separation of volatile components, the
operations described above were performed. The vials contained 1 pl of model solution 2. Silica gel
ASKG, fraction 0.2—-0.5 mm, weight 10 mg was used as a sorbent. The choice of the sorbent was
determined by its widespread use, low price, and versatility for various classes of compounds. Fraction
0.2-0.5 mm allows the selection of the extract with a chromatographic syringe without filtration,
since the size of the granules is larger than the inner diameter of the needle (0.1 mm). The vials were
hermetically sealed and kept for 30 minutes at 115 °C. The choice of the heating temperature was
determined by the boiling point — toluene (110.6 °C) — the highest-boiling component. The extraction
of sorbates was carried out with 30 pL of methanol for 30 min.

Chromatograms of extracts and model solutions with the addition of methyl stearate (3.5 g/L) as a
nonvolatile component are shown in Fig. 4. In both cases, the chromatographic peaks of the initial and
isolated volatile compounds were recorded, which indicates the fundamental possibility of using this
device in solving the problem. Methyl stearate was not found in the extract.

As a result of the study, the optimal parameters of the sample preparation process for the used
set of compounds using this device were established: heating time — 15 min; cooling the vial to room
temperature; extraction time 30 min under static conditions. This achieves quantitative isolation
of the compounds under study. The relative standard deviations of the peak areas for solutions 1-4

(Table 2) at (n = 5) does not exceed 0.05. The calculated detection limits, based on the signal-to-noise
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Fig. 3. Fragment of a typical chromatogram on the total ionic current of the model mixture: 1 —dichlomethane; 2 —
hexane; 3 — diethylamine; 4 — trichloromethane; 5 — tetrahydrofuran; 6 — tetrachloromethane; 7 — triethylamine;
8 — dioxane; 9 — toluene
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Fig. 4. Chromatograms for the total ionic current of the original solution (A) and the obtained extract (B)
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Fig. 5. Chromatograms (TIC) of methanol extracts of the TMCP-2201 sample, obtained: by extraction under
standard expert examination conditions (A); using vapor phase sorption microextraction (B)

ratio (for the used model of the mass detector, at least 25: 1), were (nug/dm3): dichlomethane (31),
hexane (51), diethylamine (1500), trichloromethane (29), tetrahydrofuran (23), tetrachloromethane (4),
triethylamine (160), 1,4-dioxane (51), toluene (20).

In the described format, the device was successfully tested in the determination of food flavorings
for tea [15], flavoring and aromatic additives of chewing gums [16], volatile impurities in synthetic
cannabinoids [17]. In Fig. 5, as an example, chromatograms of the total ionic current (TIC) of methanol
extracts of an expert sample of the synthetic cannabinoid TMCP-2201 are shown.

The use of vapor-phase sorption microextraction can significantly increase the information
content of chromatograms: both in terms of the number of identified compounds and the intensity
of chromatographic peaks and the corresponding quality of mass spectra, as can be seen from
Fig. 5.

Conclusion

A device and a method for sample preparation have been developed, including the processes of
vapor-phase separation of volatile components from matrices with complex chemical composition,
their capture from the gas phase with a solid sorbent and liquid microextraction of sorbates for further
gas chromatographic studies. The use of this device in sample preparation of real objects has shown

the promise of its use for GC- and GC—MS determination of volatile components.
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