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ANALYTICAL CONTROL OF ACTIVE

substances of the class of imidazolinones in herbicide

Goal. The choice of a chromato-
graphic method and the development
of a method for the analytical deter-
mination of imazethapyr, imazamox,
imazapyr in herbicide preparative
forms in the joint presence. Methods.
Active substances were analyzed by
thin layer chromatography. The linear
range of the dependence of the area of
chromatographic zones on the amount
of active substance was assessed by a
mathematical-statistical method. Re-
sults. Determination of pesticides by
thin-layer chromatography includes
the main stages: classification of pes-
ticides by polarity; extraction of active
substances from the analyzed sample;
chromatographic separation, detection
and quantification. The decisive fac-
tor in the analysis stages is the dipole
moment (u, D), which characterizes
the polarity of the compounds. Ima-
zethapyr, imazamox and imazapir are
polar compounds (u=6, D) with the
corresponding values: 6.1; 6.4 and
6.8 D. Extraction of active substances
is carried out with ethanol. Qualitative
determination — in a thin layer of ad-
sorbent silica gel in the mobile phase: a
mixture of ethanol with acetic acid in a
ratio of 4 : 1.5. Identify compounds at
the wavelength of the spectrum A 254
nm and using the developing reagent
silver ammonia. The calibration de-
pendence of the area of the chro-
matographic zone of the compound
on its amount is linear in the detec-
tion range of 0.30—1.30 ug and is de-
scribed by the regression equations for:
imazethapyr S = 12.345 C + 0.7778,
R? = 0.99; imazapyr S = 9.3671 C +
1.081, R> = 099, imazamox
S = 76234 C + 14462, R = 0.98.
The equation is used to quantify the
active ingredients in the chromatogram.
Conclusions. The use of the method of
thin layer chromatography makes it
possible to select selective conditions
for the analysis of imazethapyr, ima-
zamox, and imazapyr in the presence
of herbicides in preparative forms.
The developed technique is an express
method of control and provides deter-
mination of active substances in the
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course of one analysis with high ac-
curacy (relative error is less than 5%
atn = 5, P = 0.95). The analytical
support of the developed and patented
method allows for analytical control of
active substances of the imidazolinone
class in the formulation of pesticides by
analytical and toxicological laborato-
ries, testing services without the use of
expensive devices.

analytical control; preparative
form; thin layer chromatography;
imidazolinones

An integral element of modern
technologies for growing crops is
the strategy of herbicide applica-
tion, which involves the introduc-
tion of combined preparations based
on two or more active substances.
Thus, recently herbicides based on
imidazolinone derivatives are widely
used, of which about 32 are currently
registered in Ukraine [1]. Imidazo-
linones are compounds of systemic
action that inhibit the activity of
acetolactate synthetase, an enzyme
of acetohydroxylic acid, disrupt the
synthesis of protein, DNA and slow
down the growth of plant cells. Typi-
cal representatives of this class are:
imazamox, imazapyr and imazetha-
pyr [2]. The use of such preparations
in agriculture, sets the task of their
simultaneous determination in diffe-
rent matrices.

The expansion of the range of
preparations continues to stimulate
the development and application of
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methods of analytical determina-
tion. Thus, in Ukraine, in the ana-
lytical chemistry of pesticides there
are two main areas: analysis of re-
sidual amounts in different matrices
and control of formulations (active
substances of pesticides) [3]. The
first is used to control residues in
agricultural products and environ-
mental facilities and is based on the
need to develop separate methods
for each pesticide and each matrix
[4—10] and methods for the analysis
of multicomponent pesticides, which
ensures their simultaneous determi-
nation in one batch [11]. Regarding
the control of formulations, there are
currently virtually no methods for
determining the active substances in
combined pesticides and a systematic
approach to this problem. Analytical
control of preparations is coordina-
ted by the international organization
CIPAC, which provides development
and validation of analytical methods
for the determination of new prepa-
rations and their active substances.
They can be identified only by high-
performance liquid chromato-mass
spectrometry (HPLC/MS/MS) based
on the relevant bases of active sub-
stances. But there are whole classes
of pesticides that are not certified
by CIPAC methods for the control
of formulations (for example imida-
zolinones, some sulfonylureas, etc.)
[12, 13]. Therefore, the task is to de-
termine imazethapyr, imazapyr and
imazamox in preparative forms in the
course of one analysis.

The aim of the study was to choose
the chromatographic method and to
develop a method for the analytical
determination of imazethapyr, ima-
zamox and imazapyr in preparative
forms of herbicides in the combined
presence.

Materials and methods of research.

Characteristics and physicoche-
mical properties of the studied active
substances are given in the table.

Chromatographic analysis of the
active substance mixture was per-
formed by thin layer chromatography




(TLC) using SORBFIL plates with a
thin layer of adsorbent (with the ad-
dition of a fluorescent UV indicator)
applied to an aluminum substrate.
Identification of imazamox, imaza-
pyr and imazethapyr was performed
by Rf, and their quantification was
determined by the formalized depen-
dence of the area of chromatographic
zones on the amount of active sub-
stance using correlation and regres-
sion analyzes.

Research results. Today in the
analytical chemistry of pesticides the
main physicochemical methods of
analysis of organic compounds are
chromatographic methods. When
choosing a method of analysis, in ad-
dition to analytical tasks to be solved,
there is the question of availability
and availability of devices, their price
range. For analytical control of pes-
ticide formulations, especially with
low content of active substances in
formulations, the most acceptable
method is thin layer chromatography
(TLC), as a variant of liquid chro-
matography (LC), which provides se-
lective detection of test compounds
under optimal conditions of separa-
tion, qualitative and quantitative de-
termination; has high sensitivity, is
express and easy to perform.

Determination of pesticides ac-
cording to the algorithm of chemi-
cal-analytical monitoring includes a
number of main stages: classification

of pesticides by polarity; extraction of
active substances from the analyzed
sample; chromatographic separation,
detection and quantification [14].

The choice of analysis method
is limited by the physicochemi-
cal properties of the pesticide. The
test compounds belong to the same
chemical class and have very similar
physicochemical properties (Table),
which complicates their determina-
tion in the combined presence in
the matrix. According to long-term
research of the Laboratory of Ana-
Iytical Chemistry of Pesticides, the
properties of pesticides should be
characterized using an integral indi-
cator — dipole moment (u, Debye),
which characterizes the polarity of
compounds and is decisive in the
next stages of analysis. According to
the three-stage classification, ima-
zethapyr, imazamox and imazapyr
are polar compounds (u>6, Debye)
with dipole moments of 6.1; 6.4 and
6.8 Debye respectively.

One of the common methods of
extracting pesticides from different
matrices is liquid extraction. It is a
universal, express and fast method
that does not lead to the destruction
of components [3].

The extraction processes are
closely related to the solubility pro-
cess of the compounds. As the po-
larity of pesticides increases, their
solubility in polar solvents with > 20

Characteristics of active substances

Active substance
Parameters
imazapyr imazamox imazethapyr
2 - (4-isopropyl-4- (RS) -2- (4-isopropyl-4- (RS) -5-ethyl-2-
IUPAC methyl-5-ox0-2- methyl-5-oxo-2-imidazoline) | (4-isopropyl-4-methyl-5-oxo-
name imidazolin-2-yl) 2-yl) -5-methoxymethyl) 2-imidazolin-2-yl) nicotinic
nicotinic acid nicotinic acid acid
CH;
am b e A g
Structural | \ HsG - Nﬁ os N
A CH;
formula . . :‘K '/‘ I CH’_THiN N
H CH, b tw, 07 Tow e, cH, 07 TOH
(]
Empirical
fopf:nula Ci3HisN50; CisHioN;O, CisHioN50;
Molecular
Veight 261.3 305.3 289.3
Solubility in 13 (pH 5) 116, 14
water (25°C), g/l ! (pH 7) >626 !
methanol — 105; methanol — 67.0; methanol — 105;
Solubility in acetone — 3.9; acetone — 29.3; acetone — 48.2;
organic solvents | hexane — 9.5x1073; hexane — 7x1073; hexane — 0.9;
toluene — 1.8 toluene — 2.2 toluene — 5
Arsenal New, RK; Pulsar 40, RK; Paradox, RK Euro —.Lang, r.k..; Emerald,
Grader, RK RK; Pari, v.rk .; Picador, RK;
Preparations o . . Picket SL, RK; Prado, RK;
Vitalite, RK; Euro — Lightning, RK; Sapphire, v.rk ; Sickle, v.rk ;
Euro — Land, RK; Captor, RK Tapir, v.r.k ; Jupiter, v.rk.
16 KapanmuH i 3axucm pocnuH ISSN 2312-0614

increases: acetone, ethanol, metha-
nol. The best extractant will be one
whose dielectric constant (€) is close
to the dipole moment of the com-
pound. Therefore, the extraction of
active substances from the studied
preparations is carried out with etha-
nol (taking into account the solubility
of active substances), which provides
the highest percentage of extraction.

Chromatographic separation and
detection of test compounds is also
an important step in the determina-
tion, which includes the selection of
the mobile phase and the developing
reagent; setting the minimum amount
of substance to be detected and the
linear range of detection. In the ana-
lysis of formulations, in addition to the
test compound, the extracts contain a
significant amount of impurities that
can form foreign zones of localization
and complicate the chromatographic
separation and determination of active
substances. Analysis of the mixture of
active substances was performed in a
thin layer of adsorbent silica gel in
the saturated mobile phase (mixture
of ethanol with acetic acid in a vo-
lume ratio of 4: 1.5) with a dielectric
constant € = 19.4. The elution ability
of this phase determines the different
speed of movement of the investigated
compounds in the adsorbent, in pro-
portion to the value of p, and the for-
mation of zones of their localization
with the corresponding values of Rf:
for imazethapyr 0.62; imazamox 0.51;
imazapyr 0.45.

Compounds are identified in two
ways: 1 — instrumental detection;
2 — using appropriate developing
(chromogenic) reagents depending
on the available reactive groups of
elements and sensitivity. The first
method is based on the properties of
the studied compounds to form lu-
minescent complexes at wavelengths
of the spectrum A 254 nm, which
expands the possibility of identifying
compounds. In the manifestation of
thin-layer chromatograms with a so-
lution of silver ammonia in the areas
of localization of compounds, dark
spots of reduced silver are formed.

Under certain selective assay
conditions, the minimum detection
rate of each compound is 0.30 ug;
linear detection range 0.30—1.30 pg
(Fig. 1). Graduation dependences of
the area of the chromatographic zone
(S, mm?) of the active substance on its
amount in the calibration solution (C,
ug) are described by linear regression
equations (P = 0.95 and n = 5) for:
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imazethapyr
S§=12345 C+ 0.7778, R? = 0.99;
imazapyr
§=9.3671 C+ 1.081, R2=0.99;
imazamox

S§=7.6234 C+ 14662, R? = 0.98.

Coecfficients of determination R?,
which show the share of variability of
the performance indicator (S) from
the factorial (C) acquire the appro-
priate values. Regression equations
are used to quantify (ug) the active
substances on the chromatogram.

The solution of the set analytical
problem made it possible to develop
an express method (block diagram)
for the determination of imazapyr,
imazamox and imazethapyr in pre-
parative forms of herbicides in their
combined presence (Fig. 2).

Established selective conditions
for the analysis of imidazolinones
were the fundamental basis of the
patent Ne120888 (Ukraine) [15]. The
research was conducted within the
framework of PSR 12 Scientific bases
of modern technologies of forecas-
ting and management of phytosani-
tary condition of agrocenoses (Plant
protection); Ne SR 0116U003542,
0119U001156.
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mm?
185 .
imazethapyr
16 | y =12,345x + 0,7778 *
R = 0,9916,
imazapyr
14 1 S a67ix + 105l g T
R2 = 0,994]
12 4
10 - * imazamox
y = 7,6234x + 1,4462
s | R2 = 0,9818
6 4
4
2
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C, mg

Fig. 1. Dependence of the areas of the chromatographic zones of imazethapyr,
imazapyr and imazamox from their number (calibration solutions)

CONCLUSIONS

The use of thin layer chroma-
tography makes it possible to select
selective conditions for the analy-
sis of imazethapyr, imazamox and
imazapyr in the combined presence
of herbicides in formulations. The
developed technique is an express
method of control and provides de-
termination of active substances in
the process of one analysis with high
accuracy (relative error, less than 5%
atn=235,P=0.9)).

Analytical support (implementa-
tion) of the developed and patented

of active substances of 1.0 pg/ul (in ethanol)

EXTRACTION
Preparation of herbicide solutions taking into account their density (p, g/cm?), with a concentration

CHROMATOGRAPHY
On a thin-layer plate put on 0,5; 0.7 and 1.0 pl of herbicide solution. Apply standard solutions
(1.0 pg/ul of the corresponding active substance): 0.3 upl; 0.5 pl; 0.7 pl; 1.0 pl; 1.3 pl
TLC conditions: ascending one-dimensional elution in the saturated mobile phase

IDENTIFICATION
1). Chromatoscope (A 254 nm) — luminescence of the zones of localization of active substances;
2). The plate is placed under a UV lamp (ultraviolet radiation) for 10 minutes, treated with 1%
solution of silver ammonia, then again placed under a UV lamp for 3 minutes

|

a — the scale factor;
b — the regression coefficient.

QUANTITATIVE DEFINITION
Carried out according to the regression equations defined for calibration standard solutions
C (png) = (S —b) / a, where

|

C,

in him (ul, pg);
V — sample volume (ml);
P, — sample of the preparation, g.

TRANSFER TO PREPARATIVE FORM

_ CxxV
Vx x Px

Cy, — the content of active substance in the preparations g/l;
Vx, Cx — the volume of extract applied to the plate and the amount of active substance defined

, where

Fig. 2. Block — scheme of analytical procedure
Jfor control of active substances
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method makes it possible to carry
out analytical control of active sub-
stances of the imidazolinone class in
pesticide formulations by analytical
and toxicological laboratories, testing
services without the use of expensive
devices.
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AHaniTUYHNIA KOHTPOIb Jil04YNX PeYOBUH
K/Iacy iMiZa3oniHOHIB y mpenapaTuBHUX
Jopmax repbinuais

Mera. Bubip xpomamozpagiunozo me-
Mody i po3pobka mMemoouxu aHATIMU4HO20
BU3HAYEHHS IMA3emanipy, imazamoxkcy ma
imasanipy 6 npenapamusHux gopmax zepoi-
yudie 3a cymicHoi npucymuocmi. MeTomm.
Hitoui pevosun ananisysanu memooom moHKo-
waposoi xpomamozpadii. Jlinitiinuii dianasom
3a71eHCHOCT NIIOWAT XPOMAMOZpaPiuHUX 30H
6i0 Kinvkocmi 0il040i PeuoBUHU OUIHIOBATU
MAMEMAMUMHO-CIAMUCTIUMHUM ~ MEMOOOM.
Pesynbraru. Busnauenms necmuuudie memo-
0oM MOHKOWAPOBOT xpomamozpaii exmo4ae
OCHOBHI emanu: Knacuikauis necmuyudie
3a NONAPHICMNIO; BUMYHEHHS Oil0HUX DeHOBUH
3 aManizosaxoi npobu; xpomamozpagiue
DpO30inenHs, OemeKmy6aHHs ma KinbKicHe
8usHaueHHsA. Busnauanonum 3a ananizy € ou-
nonvhti momenm (4, ), wio xapakmepusye no-
ZAPHICMb cnonyk. Imasemanip, imasamoxc ma
imasanip — nonapwi cnonyku (u=6, 1) 3 6io-
NOBIOHUMU 3HAUEHHAMU u: 6,1; 6,4 ma 6,8 1.
Bunyuanu ditoui pewosunu emaronom. Axicre
BUBHAUEHHS — Y MOHKOMY uiapi adcopbenmmy
cunikazenv 6 pyxomiti pasi: emanosn + oymoea
Kucnoma y cniesionowsenti 4:1,5. [oenmugixy-

841U CNOTLYKU Ni0 XPOMAMOCKONOM (A 254 1m)
Ma 3 BUKOPUCMAHHAM NPOSIBAIOH020 PeazeH-
my posuury amiakamy cpiéna. Ipadyweanvra
3aznexcHicmy nouii xpomamozpagpiuHoi 30Hu
chonyku 6i0 it Kinvkocmi € niniliHoI0 6 diana-
30mi demexmysanns 0,30-1,30 mxe i onucy-
EMBCS PIBHAHHAM pezpecii Ons: imazemanipy
S§=12345 C + 0,7778 (R? = 0,99); imazanipy
§=93671 C+ 1,081 (R* = 0,99); imasamoxcy
S$=7,6234 C+ 1,4462 (R> = 0,98). PigHsHHs 8U-
KOPUCIMOBY6anu OISl KinbKiCH020 8USHAMEHHS
ditouux pevosur Ha xpomamozpami. BucHos-

KI. BuxopucmanHs memody moHKOUWAPOBoi

Xpomamoepagii dae 3mozy eéubpamu cenex-
MUBHi yMOBU aHAni3y imasemanipy, imasa-
MOKCY ma ima3anipy 3a cymicHOi npucymmocmi
6 npenapamusHux gopmax zepbiyudis. Pos-
pobrnena memoouKa € eKcnpecHum mermooom
KoHmponio i 3abesneuye BUSHAYEHHS OHOUUX
pevosuH 6 npoueci 00H020 AHATI3Y 3 BUCOKOIO
mounicmio (6i0HOCHA noxubka meHue 5% npu
n =5 P = 095). Ananimuune 3a6e3ne4eHHs
PO3pO6TIeH020 ™A 3aNAMEHINOB8AH020 Merody
0ae 3m02y NposOOUMU AHATIIMUYHUL KOHMP-
071b 0i04UX PeHOBUH KIACY iMIOA30MIHOHIE y
popmynsyinx necmuyudie aHanTiMmuuHUMU ma
MOKCUKONIOIMHUMU 71a60pamopiamu, 6unpo-
bysanvHumu crynbamu 0e3 BUKOPUCIAHHS
dopozux npusnadie.
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AHaTMTUYECKIIT KOHTPOTb
BelICTBYIOIIMX BellleCTB Kaacca
VIMMJA30/ITHOHOB B NIPeNapaTUBHbIX
¢opmax repoungon

Lens. Boibop xpomamozpaputeckozo
memooa u paspabomka memoouku aHAmu-
mu4eckoeo  onpedeneHus — umasemanupa,
UMA3AMOKCa, UMAZANUPA 6 NPenapamueHolx
popmax eepbuyu008 Npu cOBMECHHOM NPu-
cymcmeuu. MetoppL. [eticmeytoujue 6eue-
CMea aHanu3UpPoBanU MemoooM MOHKOCON-
Hoti xpomamozpaguu. JTureiinviii OUanazom
3a8ucUMOCU  NIOWLA0U Xpomamozpaduue-
CKUX 30H OM KOMu4ecmea Oelicmeyouezo
Beulecmea  OUeHUBanl  MAmemMamu4ecKu-
cmamucmudeckum memodom. PesymbTaThi.
Onpedenerue necmuyudos mermooom MoH-
KOCIOUiHOTL  Xpomamoepaduu  éKmouaem
OCHOBHbIE IManvl: KAACCUPUKAUUS necmu-
41006 N0 NONAPHOCHIU; U3BTIeHeHUS Oelicmey-
10UUX Beulecns U3 AHATUSUPYeMOil Npodbl;
xpomamozepaguueckoe pasdeneHue, Oemex-
muposanue u Konu4ecmeenHoe onpeoenerue.
Onpedenaiouum npu nposedeHuu aHanu3a
sensemcst ounonvhoili momenm (y, II), xa-
PaKMepusyIousUii NOIAPHOCMYL COeOUHEHUIL.
Hmasemanup, umazamoxc u umazanup — co-
eOuHeHus nonapHvte (W = 6, JI) ¢ coomeem-
cmeyouumu 3navenuamu y: 6,1; 6,4 u 6,8 /1.
Mzenevenus Oeticmeyiousux eeujecms npo-
800stm amaronom. Kauecmeenroe onpederne-
Hue — 6 MoHKoM croe adcopbeHma CunuKa-
2enb 8 NOOBUINCHOLL pasze: IMAHOT + YKCYCHAST
Kucnoma 6 coomuowenuu 4 : 1,5. Moenmugu-
UUPY10m coeOuHeHUs nod XPoMarnockonom
(A 254 Hm) U ¢ UCNONL30BAHUEM NPOTBILTIOULe-
20 peazeHma pacmeopa ammuaxama cepeopa.
Ipadyuposounas  3aéucumMocmo  naOUAOU
Xpomamozpaguueckoti 30Hvl COeOUHEHUST oM
ee KOnuuecmea A67Aemcs IuHeliHoll 6 0uana-
3one demexmuposarust 0,30—1,30 mkz u onu-
COL6AIOMCS YPABHEHUIMU Peepeccult OIA: UMa-
semanupa S = 12,345 C + 0,7778, R? = 0,99;
umasanupa S = 9,3671 C + 1,081, R* = 0,99;
umasamoxca S = 7,6234 C + 1,4462, R* = 0,98.
YpasHenue ucnonv3yiom 0715 KOAUHECHBEHHO-
20 onpedeneHUs 0eliCMBYIOUsUX BeU4ecis Ha
xpomamozpamme. BopiBoppl. Vicnonv3osanue
Memooa  MOHKOCIOUHOL  xpomamozpaduu
noseonsiem 6vlOpamv ceneKMueHvle YCr08Us
AHATU3A UMA3eMANUPa, UMA3aMoKCa U Uma-
3anupa npu COBMECMHOM NPUCYMCMBUU 6
npenapamusHvix gopmax eepounudos. Pas-
PAbOManHAs MeMOOUKA S6/ITEMcs IKCnpecc-
HbIM Memodom KOHMPOnA U obecneuusaern
onpedeneHue 0eticMEyOUsUX 8EU4ECIE 6 NPO-
tecce 00H020 AHANIU3A C 6bICOKOLL MOUHOCHIDIO
(ommuocumenvHas noepewtHocmv mexee 5%
npun =5, P = 0,95). Ananumuueckoe obecne-
"eHue paspabomanHozo u 3anamenmo8aHHo-
20 Memoda no3eossen npoeoOUMs AHAUMU-
uecKutl KOHMPOb 0eticeyiousux 6euyecms
Knacca  UMUOA30MUHOHOE 6 (POpMYMAUUL
necmuyu008 AHATUMUHECKUMU U MOKCUKO-
JI02UtecKuM 1a60pAMOPUAMU, UCNbIMAMENb-
HolmMU cyscbamu 6e3 UCNONb308aHUsT 00PO20-
COSU4UX NPUGOPOB.
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