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PREPARATION OF A COMPLEX COMPOUND OF HUMIC ACID WITH GLYCINE N'YMVH
KbIWKbI/bIHbL TMTMUMHMEH KYPAE/1 KOCbI/IbICbIH ANY MONYYEHUE
KOMMNEKCHOIO COEANHEHUA FTYMUHOBOW KNCNOTbI C MANLVHOM

Annotation. Our study focuses on obtaining and studying the properties of a complex consisting of
humic acids and glycine. Through the analysis of quantitative data and theoretical approaches, we
investigated the formation of complexes between humic substances and glycine, while also considering
the current research status in the field of humic acid complexation. Furthermore, we utilized mathematical
planning to determine the optimal conditions for activating brown coal from the Kenderlyk deposit using
hydrochloric acid. The resulting complex of humic acids with glycine demonstrates promising applications
in agriculture and can be effectively employed as a conventional plant fertilizer.

Keywords: complex, organics, humic, glycine, properties.

AuygaTna. XymbiC [/IMUMHMEH TYMUH KblWKbIAapbl KelleH/'HW, kKacneTTep/'H 3epTTey X3He
KOCbI/IbICbIH anyfaH Typagbl. XKXyMbIC 6apbiCbiHAA FAMLMHMEH FYMUHAI 32T TapAblH KeweHaep/'H anyabl
cMnaT TalkThiH caHAblK M3NiMeTTep, 0NapAbl aHblKTayAblH TEeOopUANbIK Tacngepi Tangaiabl. FyMuH
KbIWKbINAAPbIH  KeweHaey canacblHAasbl 3epTTeynepiw, kas/'pr/ >xaepaibl KapacTbIpblagpl.
MaTemaTuKanblk )xocnapnay sg/b'H kongaHa oTbipbin, KeHa/pn/'K KEH OpPHbIHbIH KOHbIp KBM/'P/'H TYy3
KbIWKbINbIMEH 6enceHa/'py wapTTapbl aHblKTanibl. ANblH3aH [UUUHMEH TFYMWH KblWKbINAAPbIHbIH
KelweH aybln Lapyallblibi3blHAA KongaHy3a MYMKiHAK 6epepi. CoHfaii-ak, OHbl KnacCcuKaibliK Ba'MAK
TbIHANTKbIWbI peTHAEe nalrganaHysa 6onagpl.

TYWiH cB34€ep: KeLLeH, OpraHuka, ryMuH, riavuuH, kacneTTep.

AHHOTauusA. Hawa pa6oTa 3akiouyaeTcs B MNOMYYEHUM W U3YYEHUW CBOIWCTB KOMMIeKca
rYMWHOBBIX KUC/MOT C rAUUMHOM. B xode pa6oThbl NpoaHasM3vpoBaHbl KOMNMYECTBEHHbIE [AaHHble,
XapakTepusylowme nosyyeHne KOMMIEKCOB TFYMWUHOBbLIX BEWECTB C [/IMUMHOM, TeopeTunyeckme
noaxodbl K WX onpefeneHnto. PacCMOTPEHO COBPEMEHHOE COCTOsiHWe uccnefoBaHuii B 06nacTm
KOMMNEKCo06pa3oBaHns ry.MMHOBbIX KAC/OT.

C npuMeHeHMeM MeTofa MaTeMaTMYeCcKoro niaHMpoBaHus 6binn onpeaeneHbl yCI0BUS akTuBaumum
6yporo yrns KeHabIpbIKCKOr0 MeCTOPOXAEHUS CONSAHON KNCNOTOM. MosyYeHHbIn KOMNIEKC NYMUHOBbIX
KNCNOT C FAULMHOM MMeeT MNepcnekTUBY AN UCNOMb30BaHUA B CENIbCKOM X03aicTBe. A Takke ero
MOXHO MCMNONb30BAaTh B KAUECTBE K/1acCMYeckoro yao6peHus pacTeHuii.

KntoueBble C/oBa: KOMMEKC, OpraHuka, ryMuH, rAuLmMH, CBoiCcTBa.
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Introduction. Humic compounds (HC) are organic matters located in soil, natural bodies of
water and deposits formed by putrefaction of plants and natural residues. They cpmprise 50-
90% of the total amouont of the organic matters accumulated in the ocean. They also contain
macro- and microelements,e.g. zink,calcium, iron, magnesium, iodin, boron,sulphur,
molibdenum, etc. Humic acids are part of HC.

Humic acids (HAs) are natural high molecularorganic compounds included in peat, soil and
lignite. They differ from other HC fractions (fulvic acids and humins) in that they are soluble in
alcaline conditions, partially soluble in water and insoluble in acidic conditions. Due to their
amphiphilic properties HAs form micelle-like structures in neutral and acidic conditions used in
agriculture for the purification of wastewater from heavy metals, and also in medicine and
pharmaceuticals [1].

COOH

Figure 1. HA hypothetic fragment

HA chemical composition can change depending on its origin, age, climatic conditions and
biologic conditions. Therefore, its exact composition is impossible to determine. HA molecular
mass is in the range from 2 to 1300 kDa. HAs contain many functional groups as shown in
Figure 1, which are mainly composed of phenolic, carboxylic, hydroxoalken, quinone and ester
functional groups, but can also contain sugar and peptide parts. However, phenolic and
carboxylic groups prevail in HA structures. The huge structure of the HA molecule consists of
hydrophylic parts of OH-groups and of hydrophobic parts of aliphatic chains and aromatic rings

2.
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Literature Review. HAs contain many functional groups as shown in Figure 1 They are
mainly composed of phenolic, carboxylic, phenolic, enolic, quinone and ester functional groups,
but can also contain sugar and peptide parts.

The significance of humic substances (HS) in the complex formation and transportation of
metals in aquatic systems is comprehensively recognized and extensively studied. They
constitute the major part of an organic matter in the natural environment with a typical organic
carbon concentration from 0.1 to 1 000 mg/l. Multy-functionality anddiversity of structures
allow these compounds to enter ionic, molecular and electronic oxidation and reduction
processes. Like ionic polyelectrolytes, humic substances react with cations, anions, neutral
molecules, radionuclide compounds, and other pollutants. For example, HS form compounds
with heavy metals, as well as pesticide adducts, thus significantly affecting the mobility of these
substances in the environment. For this reason, they can substantially increase the heavy metal
content in natural water. Even small HS concentration can considerably influence free and total
metal concentration in soil and groundwater.

Carboxyl, hydrixyl, and carbonyl groups in combination with aromatic structures in HS
provide the HAs ability to enter ionic and donor-acceptor interactions, form hydrogen bindings,
and take an active part in sorption processes (Table 1) [3].

Table 1. Role of HS Functional Groups [4]

Structural Groups Interaction Mode
- COOH lon exchange
CAr-OH Complex formation
> C=0 Oxidation and Reduction
C6H6 Donor-Acceptor
- CHn Hydrophobic Interactions

The main HAs properties such as solubility, pH-dependence, interaction with hydrophobic
groups and metal chelation are related to their structure. Table 2 summarizes the HA functional
effects employed in different spheres and their interaction with the structural properties of HAs [5].

Table 2. Relation of functional effects with HA structural properties
and their technological utilization [6]

HA Technological

Utilization Functional effect Structural properties
1 2 3

Purifying Chelate heavy metals Deprotonation OH/OOH

contamination Dissolve  hydrophobic Amphiphilic nature
contaminants

Agriculture Fertilizing and growing OH/OOH deprotonation and production of
plants reactive oxygen species (ROS)

Production of reactive oxygen species (ROS)

Bactericidal activity Production of reactive oxygen species (ROS)

Fungicidity
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End of table 2
1 2 3
Medicine Antiviral properties OH/OOH deprotonation
Antiphlogistic properties OH/OOH deprotonation
Antimutagenic OOH prevalence
properties Production of reactive oxygen species (ROS)
Wound therapy Production of reactive oxygen species (ROS)
Cancer therapy OH/OOH deprotonation
Prion therapy
. UV protection UV absorption
Pharmaceutics .. .
Antioxidant capacity OOH prevalence
and cosmetology L S
Medication solvent Amphiphilic nature

Proteins are a special class of polyelecrtolytes that can also interact with HS. Howerver,
there is little research on HS interaction with proteins. Nevertheless, HS binding with proteins
can be particularly relevant for fertilization [7,14].

The role of pathogenous proteins such as insecticidal protein toxins, pharmaceutical proteins
(produces by transgenic plants) and infectious (prion) proteins involved into transmissive
spongiform encephalopathy causing such diseases as BSE (Bovine spongiform encephalopathy)
and Creutzfeldt-Jakob that could be found in soil and on the surface of the water [8]. HS
interaction with protein can result in modifying protein structure and, consequently, to changes
in protein biological activity.

Peat like other solid fuels has humic acids mostly bound with relatively low activity
[9]. Their reaction centers are blocked, and different physical and chemical activation
methods are used to unlock HC data centers, such as hydration, acid and alkaline
hydrolysis, physical processing, etc. For example, alkaline activation of humic acids is
based on their ability to dissolve in hydroxides which is the basis for most HC separation
methods. Treatment of peat with NaOH solution results in the formation of soluble
humates Na [10]:

Hum(COOH)n + nNaOH ~ Hum(COONa)n +n”~ 0O (@)

However, scientists’ opinions on methods of extraction and purification of HAs from broun
coal diverge due to different composition and properties of these compounds, in particular their
solubility in alkaline solutions, regardless of their general type of structure. Humic compounds
differ not only in the form of metal humates (K, Na, Ca, Mg, Cu, Fe, etc.) and in the nature and
strength of the bond, but also in the organic mass of the compound organic and mineral part of
the coal (C, P, S) [11].

Materials and methods ofresearch. Production of humid acids. Effect of hydrochlorid acid
on the coal activation process.

The conditions of activation of brown coal from Kendyrlyk deposit by hydrochloric acid
were revealed by mathematical planning. The process was carried out at ratios S:L
(Solid:Liquid)=1:8, the experiment planning matrix is given in Table 1 It can be concluded
that the coefficients of linear effect of temperature and concentration are significant in the
brown coal processing with hydrochloric acid. In our case, we changed only the
concentration.
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Table 3. Effect oftemperature and Solid-Liquid concentration on HA output

Specimens T, °C Solid:Liquid(S-L) Output, %
Non-activated 25 - 26
HCI activation 25 15 50.6
HCI activation 25 1:8 51.3

The infrared spectrum of hydrolic acid activated coal differs from that of the original sample,
indicating a structural modification of the coal by the action of HCI.

For example, the intensity of absorption bands in the range of 3450-3360 cm-1 corresponding
to phenolic hydroxylames bound by intermolecular hydrogen bonds increases under the acid.
Due to the overlap of peaks of valence oscillations of CHs-, CH2-, CH-groups of aliphatic
carboxylic acids, wide bands are observed in the range of 2920-2810 cm-L Absorption bands in
the range of 1720-1680 cm-1, related to C=0n carboxylic acid bonds are increasing [12].

Figure 2. Humic acid produced by hydroxide method (HCI, S:L=1:8)

7 — ° f
Figure 3. Humic acid produced by pyrophosphate method (HCI, S:L=1:8, t=ambient)
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The intensity of the C=C bands of aromatic groups at 1620-1590 cm-l increases under the
action of hydrochloric acid due to the influence of oxygen bonds of carboxyl groups. The bands
at 1420-1380 cm-1 are characteristic for valence vibrations of C-O bonds of the peripheral
part,while the absorption bands in the range of 1340-1250 cm-l belong to deformation
vibrations of OH-groups, which intensity increases under the action of hydrochloric acid. The
absorption bands at 1100-1020 cm-l belong to the deformation vibrations of -CH -groups of
heterocyclic aromatic compounds, which also become more intense due to acid activation [13,
15].

Table 4. Characteristic of IR spectra of brown coal (BC)
and hydrochloric acid-activated coal (BC-2)

. Frequency, cm 1
Absorption q y

v (OH)

v (CHa, CHz, CH)

BC
3450-3380 (w.)
2920-2810 (m.)

BC-2
3440-3360 (m.)
2900-2820 (s.)

v (C=0) 1720-1680 (w.) 1720-1680 (s.)
v (C=C) 1620-1590 (m.) 1620-1590 (s.)
v (CO) 1420-1320 (m.) 1420-1310 s.)
v (OH) 1340-1250 (w.) 1340-1250 (s.)
v (CH) 1100-1020 (m.) 1100-1000 (s.)

*Footnote s. - strong, m. - medium, w. - weak bands.

Thus, the data of elemental, functional and IR spectral analysis proves that the intraction of
lignite with hydrolic acid results in coal structural modification, leading to an increase in the
humic acid output.

Results and discussion. The obtained HAs were studied by infrared spectroscopy (Figure 2)
and spectrophotometry (Figure 3). Also, the HA complex with glycine was investigated with
spectrophotometry (Figure 4).
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Figure 4. IR spectrometry of HAs
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We can draw the following conclusions from the graph:

- The peak at 3,400-3,200 cm-lindicates at OH-group and intramolecular hydrogen bindings
in HA structure.

- The peaks at 1700 and 1600 cm-1show that there are C=0 bonds in the HA structure.
- Considering the top points, there are COOH groups in the HA structure.
- A peak of 1,240 cm-lindicates at amine groups in the HA structure.

Figure 5. Humic Acid Absorption Spectrum

Figure 6. Absorption Spectrum of HA-Glycine Complex

The obtained peaks of 230 nm (Figure 6) and 200 nm (Figure 5) prove the formation of a
complex between HAs and glycine.



Ne 2, 2024 103 «lUATY XABAPLUBICBI»

Conclusion. Humic acids were extracted from the lignit of the Kendyrlyk deposit by
activation of lignit with hydrochloric acid by pyrophosphate method.

Infrared spectroscopy of HAs and spectral-photometry of HA and the HA complex with
glycine were carried out after their poducing. Having used the above-mentioned measurements,
we proved the formation of the HA complex with glycine by the method of continuous change
and molar ratio.
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