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INVESTIGATION OF THE COMPOSITION OF LIQUID MIXTURES  
FOR SMOKING. DETERMINATION OF SYNTHETIC  

CANNABINOIDS AND α-PVP

The purpose of the article is to highlight the possibility of quantitative identification of narcotic drugs, 
psychotropic substances and their analogues in the context of studying the composition of liquid mixtures for smoking 
(vapes), to propose a method. Methodology. A set of general scientific and special methods was used to achieve 
this goal. In particular, using theoretical methods (analysis, generalization, comparison, modeling), systematized 
theoretical materials on the problems to be solved; the state of practical elaboration of the problem is empirically 
determined; organizational and experimental means (diagnostic, ascertaining, formative, corrective experiment) in 
combination with qualitative analysis and mathematical processing of the obtained results confirmed the effectiveness 
of the proposed method. The reliability of the results is ensured by the use of modern instrumental physicochemical, 
mathematical, statistical methods of analysis, as well as software processing of experimental data. Scientific novelty. The 
composition of liquid mixtures for smoking was determined using physicochemical methods of research, for the first 
time the possibility of quantitative identification of synthetic cannabinoids and α-PVP in the composition of vapes was 
proved. Conclusions. The composition of liquid mixtures for smoking (vapes) was determined and the possibility of 
quantitative identification of narcotic drugs, psychotropic substances and their analogues using various instrumental 
methods based on modern scientific research, in particular the content of synthetic cannabinoids and α-PVP in liquid 
mixtures for smoking by thin-layer, gas chromatography and using mass spectrometry. The effectiveness of current 
methods of researching synthetic cannabinoids was tested on specific examples and a contribution was made to the 
future development of methods for studying the composition of drug-containing liquid mixtures for smoking and 
those containing psychotropic substances, the demand for which is currently growing on the world market and in 
Ukraine. A method for isolating synthetic cannabinoids and α-PVP from a solution of smoking mixtures has been 
developed. The general approaches to the choice of the scheme of research of synthetic narcotic drugs and psychotropic 
substances depending on the questions, form (liquid), type and quantity of the objects submitted for research are 
offered.
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Introduction
Ukraine is spreading of different types of tobac-

co products is becoming increasingly important as 
the use of a wide range of products in the most varied 
forms for obtaining pleasure is gaining particular pop-
ularity today (Hall, 2015, s. 1013; Levchenko, Kurdil, 
& Lutsenko, 2016, s. 95; Balakirieva, Pavlova, Nhuien, 
Levtsun, Pyvovarova, Sakovych, & Fliarkovska, 2019, 
s. 6; Chernolohova, 2019, s. 407). Then, a special atten-
tion paid to products whose distribution is currently 

not actually controlled and which therefore become 
available (Mavrynska, 2020, s. 224).

This refers to mixtures for smoking in rare forms, 
which may or may not contain more nicotine, or even 
(and these cases are far from uncommon lately) synthet-
ic and natural cannabinoids – analogues of tetrahydro-
cannabinol (trans-Δ-9-tetrahydrocannabinol) – psycho-
tropic substance with limited circulation on the territory 
of Ukraine, also referred as dronabinol (Raso, 2018; 
Skrypnikov, Herasymenko, Rud, & Kydon, 2020, s. 8).
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On the rise of Ukraine since the mid-2000s has 
been started the use of synthetic cannabinoids. No-
tably through the spread of spice-like smoking bags 
(plant chemicals infused with highly reactive chemi-
cals, (plant-based substance infiltrated with highly ac-
tive chemical reagents), which are distributed by online 
shops and various delivery services under the guise of 
odours. They have become available for retail due to 
insufficient legislation, which is carried out by private 
enterprises, which has had a significant impact on the 
social characteristics of the consumer population in a 
short time (Tkachenko, & Tkachenko, 2018, s. 123).

This process is determined by the general trends 
of globalization. It’s ensures the existence of a single 
information space, as well as measures of state control 
of the circulation of narcotic drugs, depending on the 
inclusion of the substance in the appropriate register, 
according to the criteria of the chemical composition 
of the substance in fact (Pon, & Fenyvesi, 2018, s. 24; 
AL-Eitan, Asa’ad, Battah, & Aljamal, 2020, s. 4172).

Rare smoking compounds are used, mainly in the 
form of spices, icons, vapes – special devices similar 
to electronic cigarettes (Angerer, Franz, Moosmann, 
Bisel, & Auwärter, 2019, s. 186). The analysis of these 
products showed that flavourings, nicotine, glucerine 
and propylene glycol are their main components in 
different proportions. The plasticine is mainly com-
posed of propylene glycol and glycerine. There are 
even special mixtures for smokers with an intolerance 
to the first or the second ingredient. They do not con-
tain any propylene glycol or glycerine or their mini-
mum quantity. It’s could be added some flavourings 
and medicinal nicotine to the formulation to give the 
product a pleasant, bright flavour.

Tight and water-soluble, with a malodorous taste, 
propylene glycol is odourless. Therefore, it is often 
used as a formulation for liquids, as a food additive 
etc. The average and rare mixture consists of 10–30 % 
propylene glycol. This ingredient, however, may cause 
an allergic reaction, in spite of its lack of adverse ef-
fects.

Oily glycerine is widely used in food production. 
This is the main component of the mixture, the pro-
portion of which often fluctuates between 60–90 %. 
It is not harmful for the organism. Dissolved in water. 
Dryness and discomfort in the throat may occur due 
to single ingestion of large quantities of glycerine. Al-
lergic reactions are extremely rare.

The non-hazardous nicotine is not the main or 
non-essential ingredient and, as the manufacturers 
claim, its only used in vaping mixtures in a purified 
medicinal form, i. e. without resins or other domestics. 
It should be noted the concentration of nicotine may 
vary and that nicotine-free, rare vaping mixtures are 
also used (Eckberg, Arroyo-Mora, Stoll, & DeCaprio, 
2019, s. 170).

Flavourings, the concentration of which of-
ten does not exceed 20 % of the total volume of the 
mixture, add flavour and aroma to the vapor in the 
electronic vaporizer. Responsible manufacturers of 
vaping-busyness used widely permitted food flavour 
additives in their vaping mixes.

So, at first glance, these main components are not 
particularly dangerous or harmful. However, more and 
more often the flavourings in smoking bags, apart from 
propylene glycol and glycerine, contain prohibited sub-
stances and reagents. For instance, cannabis extract 
containing among other, not forbidden, α-PVP (1-phe-
nyl-2-pyrolidin-1-yl-pentane-1-one-one) or synthetic 
analogues of the main active component of drugs de-
rived from cannabis plants – tetrahydrocannabinol. 

However, the main risk to the use of such prod-
ucts is that synthetic cannabinoids not produced, ac-
cording to standards or formulas. Their composition 
usually changes at the discretion of the manufacturer. 
For example, the addition of α-PVP is very advanta-
geous for the retailer, as a kilogram of this substance in 
China costs only one or two thousand U.S. dollars, but 
there are enough quantities for thousands of doses.

Currently, it’s impossible to reliably identify 
synthetic cannabinoids, α-PVP or their analogues due 
to the lack of comparative templates and ion mass 
spectra data in existing libraries, in particular in RFC 
(Karadzhian, & Kasparian, 2015, s. 338; Raso, 2018, s. 4).

The purpose and objectives of the study
This article aims to investigate the possibility of 

quantitative identification of narcotic drugs, psycho-
tropic substances and their analogues in the context 
of the study of the composition of rare tobacco bags 
(vape), to propose a certain methodology. 

To achieve this goal, it is necessary to solve the 
following tasks: 

determines the feasibility of identifying psycho-
tropic substances in rare smoking bags using different 
instrumental methods, Based on modern scientific re-
search, in particular, the content of synthetic cannabi-
noids and α-PVP using fine ball, gas chromatography 
and mass spectrometry;

to determine the quantities and composition of 
rare vape mixtures without synthetic cannabinoids 
and the quantities of synthetic cannabinoids called 
JWH-018, JWH-073, AM-2201(565B), ADB-CHMI-
NACA(597B), AB-FUBINACA (608B) and α-PVP, in-
dividually added to the specified smoking bags;

to propose a methodology for the separation of a 
mixture of synthetic cannabinoids and α-PVP in the 
formulation of rare smoking sums.

Presentation of the main material
Experimentally investigated liquid smoking mix-

tures of unknown type of vape as well as mixtures con-
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taining synthetic cannabinoids and α-PVP (1-phenyl-
2-pyrolidine-1-yl-pentane-1-one-one). 

Methods of Investigation
In Vitro analyses. Firstly in order to identify pres-

ence of cannabinoids and α-PVP in the sample a chem-
ical analysis was carried out. For this purpose a 0.5 vol. 
% solution of Tri-Blue B reagent was applied on a filter 
pad and applied on a crust of the film containing sep-
arately synthetic cannabinoids and a PVP solution. As 
a result, the samples showed a purplish-black colour, 
confirming the presence of cannabinoids, and a blac-
id barring, indicating the probable presence of α-PVP 
(Department of Justice, 2019).

It was carried out by fine-ball chromatography 
to determine the presence of synthetic cannabinoids 
and PVP in a rare smoking mixture, following the 
recommendations of foreign counterparts (Cannaert 
et al., 2020). 5 ml of the obtained solutions were ap-
plied on a series of «Sorbfil» PTC-AF-A-UF chroma-
tographic plates (sorbent – silica gel STX-1A; grain 
size 5–17 µm; ball thickness 110 µm; integral – sili-
cazole; UV-indicator – UV-254; pad type – Al). The 
samples for the comparison were methanol solutions 
of synthetic cannabinoids (JWH-018, JWH-073, AM-
2201(565B), ADB-CHMINACA(597B), AB-FUBIN-
ACA(608B), methanol PVP. 

Initial studies have shown that for the identified 

set of objects three different solvent systems are most 
efficient and have been used for chromatography: 
Hexane – chloroform – acetone (4:1:1); Hexane – ac-
etone (4:1); Methanol – 25 % ammoniaque solution 
(100:1.5); Cyclohexane – Toluene – Diethylamine 
(75:70:10). At the same time the length of the solution 
was 100 mm. 

At the end of the chromatographic process all 
plates were dried at 70 °C and examined under natu-
ral light and in ultraviolet light of a quartz lamp (at a 
length of λ = 254 nm).

In the course of the inspection the zones de-
tected were isolated, the chromatographic plates 
were sprayed with triturated blue B reagent solution  
(0.5 vol. % reagent solution in 10 vol. % sodium car-
bonate solution), 0.2-vitre solution of ningidrine in 
acetone, Marki reagent, 2-vitre solution of cobalt 
rhodanide and Mandelin reagent. 

It should be noted, that the barring of the chro-
matographic plates did not change after treatment of 
the chromatographic plates with ningidrine solution 
in acetone. At the same time after screening with trit-
urated blue B solution, reagent Mandelin and cobalt 
rhodanide (for the test for α-PVP content) a charac-
teristic change of coloration occurred.

The chromatographic analysis on the chromato-
graphic plates (Table 1–4) resulted in a series of zones.

Table 1 
The results of chromatographic research 

(system: hexane – chloroform – acetone (4:1:1)

Table 2 
The results of chromatographic research 

(system: hexane – acetone (4:1)

Objects The value of Rf
comparative sample

The value of Rf
object extract

JWH-018 0,87 0,70
JWH-073 0,76 0,76
ADB-CHMINACA(597B) 0,73 0,73
AB-FUBINACA(608B) 0,70 0,70
AM-2201(565B) 0,79 0,79

Objects The value of Rf
comparative sample

The value of Rf
object extract

JWH-018 0,52 0,52
JWH-073 0,41 0,41
ADB-CHMINACA(597B) 0,35 0,35
AB-FUBINACA(608B) 0,33 0,33
AM-2201(565B) 0,38 0,38
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The main factors affecting the identification of 
the components in the mixture is the maximum dis-
crepancy of color and location of the beaches (blocked 
areas) on the chromatographic plates with analogous 
indicators in the samples of the comparison, made 
with standard reagents, as well as the dip lines in the 
ultraviolet spectrum. 

As a result of chromatographic research was estab-
lished the gap ratio Rf (chromatographic coefficient of 
volatility, defined as the ratio of the distance from the 
start line to the centre of the area of the object to the 
value of the distance from the start line to the front line 
of the solution), chromatographic areas of the solu-
tions of the comparator (methanol solutions of syn-
thetic cannabinoids and α-PVP). The extracts indeed 
contain synthetic cannabinoids JWH-018, JWH-073, 
AM-2201(565B), ADB-CHMINACA(597B), AB-FU-
BINACA (608B), whose trafficking is prohibited – 
synthetic analogues of trans-9-tetrahydrocannabinol 
– a particularly dangerous psychotropic substance, the 
main active ingredient of cannabis plant drugs, and 
α-PVP (1-phenyl-2-pyrolidine-1-yl-pentane-1-one), 

a particularly harmful psychotropic substance whose 
trafficking is prohibited (NIDA, 2018). 

The presence of the indicated cannabinoids in 
the mixture (referring to a high range of 0.70 to 0.79) 
makes their identification difficult through close 
Rf values (see Tables 1 and 2). The hexane-chloro-
form-acetone system (4:1:1) is therefore ineffective for 
these cannabinoids.

Chromato-mass spectrometric analysis. To de-
termine the presence of narcotic drugs, psychotropic 
substances, precursors in the object further qualitative 
investigation was carried out by gas chromatography 
with mass-selective detection (Kolesnikova, Khatsko, 
Demin, Shevyrin, & Kalueff, 2019, s. 169; Shkurdoda, 
Pasichnyk, & Korol, 2019, s. 7).

For this purpose 10.0 ml of methanol was add-
ed to each part of the extract and mixed (Kochetkova, 
Duruncha, Perezhogina, & Ostapchenko, 2017, s. 54). 
The obtained solutions chromatographed, using a Shi-
madzu GCMS-QP2020 NX EI mass-selective detector 
under the conditions:

column   capillary Rxi-5ms, l = 30 m, D = 0.25 mm
detector   mass-selective
carrier gas   helium, flow 1.27 ml/min
evaporator temperature 250 °C
column temperature: 
initial   40 °C (0.3 min)
final   280 °C
heating rate   15 °C/min
temperature: 
interface   280 °C
ion source   220 °C
ionization   electronic shock
sample   1 μl, automatic injection
duration of analysis  30 min
scan mode   full ionic current
scan range   30–600 m/z

Table 3 
The results of chromatographic research 

(system: methanol – 25 percent ammonia solution (100:1,5)

Table 5 
The results of chromatographic research 

 (system: cyclohexane – toluene – diethylamine (75:70:10)

Component
The value of Rf Zone color

(treatment with ninhydrin 
solution and Marki’s reagent)comparative sample object extract

α-PVP 0,70 0,70 Orange

Component
The value of Rf Zone color

(processing 2 % solution  
of cobalt rhodanide)comparative sample object extract

α-PVP 0,81 0,81 Blue
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As a result of the study, ions characteristic of the above list of synthetic cannabinoids (Fig. 1–3) were 
detected, data on which are available in the database of the Lugansk RFC of the Ministry of Internal Affairs, 
which confirms their presence in the contents of the surveyed objects.

Fig. 1. GC-MS – spectrum of glycerol / propylene glycol

Fig. 2. GC-MS – ADB-CHMINACA (MAB-Chminaca) spectrum
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The study performed by gas chromatography to quantify synthetic cannabinoids and α-PVP in the sub-
stances.

A 0.1 ml sample and a 0.1 ml parallel sample diluted with 1.0 ml of NaOH solution, suspended in methanol, 
stirred, and the organically separated spheres dissolved after disintegration. The extracts combined and analyz-
ed on Shimadzu GC-2010 Plus chromatograph under the conditions of:

column    capillary Rxi-5ms, l = 30 m, D = 0.25 mm
detector    FID (flame ionization detector)
carrier gas    helium, flow 1.13 ml/min
evaporator temperature  250 °C
detector temperature  300 °C
column temperature: 
initial    100 °C (2 min)
final    280 °C
heating rate   15 °C/min
air flow    400 ml/min
hydrogen consumption  40 ml/min
sample    1 μl, automatic injection

At the final of the studying synthetic cannabinoids and α-PVP found in the composition of the reagents 
(Fig. 4).

Fig. 3. GC-MS – AB-Fubinaca spectrum
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To determine the quantities of synthetic cannabinoids and α-PVP, the aliquots of the previously obtained 
extracts analyzed two times on a chromatograph using the «LabSolution» program by absolute calibration 
(Table 5).

Table 5 
The results of gas chromatographic research

Note. Due to the lack of enough samples of canabinoids ADB-CHMINACA (597B), AB-FUBINACA (608B) at the 
Lugansk RFC MIA the gas chromatographic analysis was not realized to determine their content.

The mass of synthetic cannabinoids and α-PVP calculated according to the formula (Table 6):
 

C is the concentration of cannabinoids / α-PVP by calibration, mg/ml;
V – volume of extractant, ml.

Table 6
The results of mass calculations of synthetic cannabinoids and PVP

Fig. 4. The results of the study by gas chromatography

Objects name Retention time, min Peak area Concentration, mg/ml 
(average)

α-PVP 11,065 28999 0,05000
JWH-073 23,736 27484 0,06265
JWH-018 26,271 15699 0,03150
AM-2201 30,278 65816 0,08300

Object name Extractant volume, ml Mass of substance, g
α-PVP 9,5 0,000475
JWH-073 10,0 0,000626
JWH-018 10,0 0,000315
AM-2201 9,0 0,000747
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Scientific novelty
The composition of rare smoking mixtures was 

determined using physical and chemical methods of 
examination and for the first time the possibility of 
quantitative identification of synthetic cannabinoids 
and α-PVP in the composition of vape products was 
established.

Conclusions
1. The composition of rare smoking bags (vape) 

was determined and the possibility of quantitative 
identification of drugs, psychotropic substances and 
their analogues using different instrumental methods 
was stated, based on modern scientific research, in 
particular the content of synthetic cannabinoids and 
α-PVP in rare smoking tobacco mixtures by fine ball, 
gas chromatography and using mass spectrometry.

2. The efficacy of current methods of investigating 
synthetic cannabinoids and the contribution to the 

future development of methods for investigating the 
composition of narcotic rare substances for smoking 
and those containing psychoactive substances were 
tested by specific examples, that contain psychotropic 
substances, the popularity of which is growing on the 
world market and in Ukraine.

3. Methods of synthetic cannabinoids and α-PVP 
isolation from the solution of smoking bags were de-
veloped. A general approach to the choice of a scheme 
of investigation of synthetic drugs and psychotropic 
substances depending on the posed questions, the 
form (drug), type and number of objects to be tested 
was suggested.

The possibility of identifying low synthetic can-
nabinoids and α-PVP in the composition of rare 
smoking bags increases the prospect of rapid diagnos-
tics, and effective help for people who use rare tobac-
co compounds due to overdose or toxic exposure to 
them.
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ДОСЛІДЖЕННЯ СКЛАДУ РІДКИХ СУМІШЕЙ ДЛЯ КУРІННЯ. 
ВИЗНАЧЕННЯ СИНТЕТИЧНИХ КАНАБІНОЇДІВ ТА α-PVP

Мета статті – висвітлити можливість кількісної ідентифікації наркотичних засобів, психотропних 
речовин та їх аналогів у контексті дослідження складу рідких сумішей для куріння (вейпів), запропонувати 
певну методику. Методологія. Для реалізації поставленої мети використано комплекс загальнонаукових, 
спеціальних методів. Зокрема, застосовуючи теоретичні методи (аналіз, узагальнення, порівняння, 
моделювання), систематизовано теоретичні матеріали з проблем, що вирішуються; емпірично визначено 
стан практичної опрацьованості проблеми; організаційно-експериментальними засобами (діагностичний, 
констатувальний, формувальний, коригувальний експеримент) у поєднанні з якісним аналізом і математичним 
обробленням отриманих результатів підтверджено ефективність запропонованої методики. Достовірність 
результатів забезпечено використанням сучасних інструментальних фізико-хімічних, математичних, 
статистичних методів аналізу, а також програмним обробленням експериментальних даних. Наукова новизна. 
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Визначено склад рідких сумішей для куріння з використанням фізико-хімічних методів дослідження, вперше 
засвідчено можливість кількісної ідентифікації синтетичних канабіноїдів і α-PVP у складі вейпів. Висновки. 
Визначено склад рідких сумішей для куріння (вейпів) і засвідчено можливість кількісної ідентифікації в їх 
складі наркотичних засобів, психотропних речовин та їх аналогів із використанням різних інструментальних 
методів, які базуються на сучасних наукових дослідженнях, зокрема вмісту синтетичних канабіноїдів і 
α-РVР у рідких сумішах для куріння методом тонкошарової, газової хроматографії та із застосуванням мас-
спектрометрії. На конкретних прикладах перевірено ефективність чинних методик дослідження синтетичних 
канабіноїдів і зроблено внесок у майбутнє формування методики з дослідження складу нарковмісних рідких 
сумішей для куріння і тих, що містять психотропні речовини, попит на які на світовому ринку та в Україні 
наразі зростає. Розроблено методику виділення синтетичних канабіноїдів і α-PVP з розчину сумішей для 
куріння. Запропоновано загальні підходи щодо вибору схеми дослідження синтетичних наркотичних засобів 
і психотропних речовин залежно від поставлених запитань, форми (рідина), виду та кількості наданих на 
дослідження об’єктів. 

Ключові слова: синтетичні канабіноїди; α-PVP; рідкі суміші для куріння; вейпи; гліцерин; пропіленгліколь; 
хромато-мас-спектроскопія; газорідинна хроматографія. 
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ИССЛЕДОВАНИЕ СОСТАВА ЖИДКИХ СМЕСЕЙ ДЛЯ КУРЕНИЯ. 
ОПРЕДЕЛЕНИЕ СИНТЕТИЧЕСКИХ КАННАБИНОИДОВ И α-PVP

Цель статьи – осветить возможность количественной идентификации наркотических средств, пси-
хотропных веществ и их аналогов в контексте исследования состава смесей для курения (вейпов), предло-
жить соответствующую методику. Методология. Для реализации поставленной цели использован комплекс 
общенаучных, специальных методов. В частности, применяя теоретические методы (анализ, обобщение, 
сравнение, моделирование), систематизированы теоретические материалы по решаемым проблемам; эм-
пирически определено состояние практической проработанности проблемы; организационно-эксперимен-
тальными средствами (диагностический, констатирующий, формирующий, корректирующий эксперимент) 
в сочетании с качественным анализом и математической обработкой полученных результатов подтверждена 
эффективность предложенной методики. Достоверность результатов обеспечена использованием современ-
ных инструментальных физико-химических, математических, статистических методов анализа, а также про-
граммной обработкой экспериментальных данных. Научная новизна. Определен состав смесей для курения 
с использованием физико-химических методов исследования, впервые раскрыты возможности количествен-
ной идентификации синтетических каннабиноидов и α-PVP в составе вейпов. Выводы. Определен состав 
смесей для курения (вейпов) и рассмотрена возможность количественной идентификации в их составе нар-
котических средств, психотропных веществ и их аналогов с использованием различных инструментальных 
методов, основанных на современных научных исследованиях, в частности содержания синтетических кан-
набиноидов и α-РVР в жидких смесях для курения методом тонкослойной, газовой хроматографии и с при-
менением масс-спектрометрии. На конкретных примерах проверена эффективность действующих методик 
исследования синтетических каннабиноидов и внесен вклад в будущее формирования методики по исследо-
ванию состава наркосодержащих смесей для курения и содержащих психотропные вещества, спрос на кото-
рые на мировом рынке и в Украине пока растет. Разработана методика выделения синтетических каннаби-
ноидов и α-PVP из раствора смесей для курения. Предложены общие подходы к выбору схемы исследования 
синтетических наркотических средств и психотропных веществ в зависимости от поставленных вопросов, 
формы (жидкость), вида и количества предоставленных на исследование объектов.

Ключевые слова: синтетические каннабиноиды; α-PVP; жидкие смеси для курения; вейпы; глицерин; 
пропиленгликоль; хромато-масс-спектроскопия; газожидкостная хроматография.


