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Manoox M. B. Cunre3 iHri0iTopiB HiTpu(iKalii Ha OCHOBI KOOPAMHALIHHUX
cnosyk Cu(Il), Zn(Il), Co(I1), Mn(Il), Fe(Il). — KBani¢ikariiina HaykoBa mpaisi Ha
MpaBax PyKoOITUCY.

Hucepraniss Ha 3100yTTS HAYKOBOTO CTyIleHs JokTopa (imocodii 3a
crietianbHICTIO «102 Ximis» (ramy3s 3HaHb « 10 [IpupoaHudi Hayku»). — YKpaiHChKUI
JepKaBHUN YHIBEpCUTET HayKd 1 TexHoyorii HaBuanbHO-HAYKOBHM 1HCTUTYT
«YKpalHChKHUI JepKaBHUM XiIMIKO-TeXHOJOr1yHUM yHiBepcuteT», MOH VYkpainu,
Huinpo, 2024.

Juceprariiina po0oTa MpUCBsiueHa ojiepKaHH!o iHri0iTopiB HiTpudikamii (NIS)
Ha OCHOBI KOOPJIMHALIMHUX CHONYK (Mi0i, YUHKY, KOOAIbMY, MAHIAHY mMa 3a1i3a), 13
HAaCTYyITHUM JOCTIIPKEHHSM 1X CTPYKTYpPH, BIACTUBOCTEHN Ta 010J0TTYHOI AKTUBHOCTI.

Po3pobnena Meroanka CHUHTE3y KOMIUIEKCIB 3a7aHoro ckjiagy. OTpuMaHo
xoopauHaniini cnonyku Cu?, Zn?*, Co?, Mn?*, Fe?* i3 pi3HOI0 KiIBKICTIO Ta
CIBBIAHOLIEHHSM JraHaiB — 4-amino-1,2,4-tpuazony (47C) Ta
auriaaauaminy (DCD). IlpoanainizoBaHuii BUXiJ KOXKHOT 13 IIUX PEYOBHH.

JocnipxeHo iX (p13uKo-XiMI4H1 BIACTUBOCTI: TEPMIYHA MMOBEJIIHKA; PO3YMHHICTh
y Boai Ta posunHax KAC-28 (nacuuenuit posuun kapbamio-amiaunoi cenimpu 3
28 % azomy). BusHaueHHi BMICT Y pe4OBHHAX KOMILIEKCOYTBOPIOBAYA.

3apeecTpoBaHO Ta nMpoaHaizoBaHo [Y-cnexkTpu komruiekciB. BcraHoBeHO, 1110
npuegHaHHsa 4-aMiHo-1,2,4-Tpua3oiay NpoXoauTh OiICHTAaHTHO — JO JBOX aTOMIB
meTaiy depe3 atomu Ni ta Ny (1, 2-xoopounayis). Ilpueananas aumiaHagamiay a0
MetaniB npoxoauts mo rpymi C=NH ab6o C=N npu ogHaKoBii BipoTiIHOCTI. 3HAYHE
3MEHILIEHHS MTiKiB MOrTMHAHHS B Aiana3oni 2150-2250 cm™, mo xapakrepni miss DCD
BKa3ye caMme Ha koopauHaiiito o rpymi C=N.

JlocnipKeHO TMOTEHIIIOMETPUYHUM METOJIOM 3a JOIIOMOTOI0 10H-CEIeKTUBHUX
€JIEKTPOIIB BIUIMB JIOCTITHUX PEYOBUMH Ha oOuaBi ¢da3u Hitpudikaii. [lokazana
JAMHaMIYHA 3MiHa KinbkocTi i0HIB NH4" Ta NO3™ y mocnianux 3paskax. [IpuBeneHuit
PO3paxyHOK IOKA3HUKIB: 30€pe)KEeHHSI aMOHIi-KaTioHiB (34); HaKOMMUYEHHS HIiTpaT-

anioniB (HH); mBuakocti HiTpudikamii ([[[H) Ta CTyneHs NpPUTHIYCHHS



Hitpudikamii (CIIH). BusBiaeHo, 0 KOMIUIEKCH 13 TepeadadyeHOor eMITIpUYHOI0
dopmynoro [E(ATC)(DCD)(H,0)]SO4 marore  HalOUTBITy  akTHBHICT. Ll
MiATBEPHKCHO HANMEHIIOK IIBUAKICTIO YTBOPEHHS HITPAaT-aHIOHIB y TIPYHTI MpH
MaKCHUMaJIbHOMY CTYII€HI MMPUTHIYEHHS HITpU(IKaIIii.

AKTyanbHICTh POBEACHOTO JOCIIXKEHHS MOJIATAE B OTPUMAHHI TPYTH PEYOBUH
3 010JIOT1YHOIO aKTUBHICTIO IO BITHOIICHHIO JI0 HITPU(DIKYIOUUX OaKTEpii.

HeoOMexenuit po3BUTOK HITpH]iKyrounx Oaktepii, Hampukian Nitrosomonas
ta Nitrobacter, cipuuunsie 3pocTanHs mBUAKOCTI HiTpuikamii. Brums iHrid6iTOpiB
HaIpaBJICHUN HAa MPUTHIYEHHS Jii IHUX MIKPOOPTraHi3MiB, MUISXOM MPsAMOI il 1O
3HM)KEHHIO MIBUAKOCTI O10JIOTTYHUX MpoueciB. B pe3ynbrari 301JIbIIYETHCS TEPMIH
JIOCTYITHOCTI1 JUIsl POCIUH, aMOHiiHO1 hopmu goOpuBa. Lle 3011bmNUTh BpOKaWHICTD
CLIIBCHKOTOCTIOAPCHKUX KYJIBTYP 32 paXyHOK TOTO, IO 1151 popMa PiKCY€ETHCS IPYHTOM
1 HE BUMHUBAETHCSA 13 30HU JOCSHKHOCTI KOPEHEBOI cuCcTeMHU. J[0JJaTKOBO 3MEHIIUTHCS
€KOJIOTIYHUHN pU3UK 3a0pyTHEHHS HABKOJIUIIIHHOTO CEPEOBUIIIA.

Takum, 4YMHOM 3MEHINMUTHCS BUMHBAHHS HITpaTHOI (OpMH a30Ty, sKa
3a0pyJHIOE PIYKOBI 1 O3€pHI BOJM Ta 3MEHIIUTLCA PIBEHb HAKONMWYEHHS ii Yy
CUIBCHKOTOCTIONAPChKINA TpoAyKIlli. BupoOuuirBo iHriditopiB HiTpudikami 3
OUIBILIOI0 AKTUBHICTIO 3MEHILIUTh BUTPATH HA BUPOIIYBAaHHS POCIUH Ta 3a0€3MeUYUTh
PUHOK HOBUMHU, OUIbII €(DEKTUBHUMH TpenapaTaMu y MaiOyTHbOMY.

HuceprartiitHa poboTa CKIaAaeThes 13: BCTYIY; OTJISIAY JITEpaTypH; MaTepiaiiB,
METOJ[IB Ta 3aco0IB JOCHIIKEHb, IIECTH EKCIEPUMEHTAIbHUX PO3ILIIB, IO
CTOCYBAJIMCh OTPUMAHHIO Ta JIOCIIPKEHHIO BIACTUBOCTEH 1HT101TOpiB HiTpUdikaiii.

VY nepmoMy po3iil JUcepTallii MpoBEISHO OIS HAyKOBO-IOCTIAHUX POOIT,
10 CTOCYBAJIMCh BUPIIICHHIO MPOOJEMH HETPOAYKTUBHOTO BHKOPHCTAHHS a30THHX
noOpuB. Po3rmsHyTi cmocobu iX 3acTOCyBaHHA B arpapHoMy cekTopi. 3iOpana
iHpopMarlis 1moa0 ePEeKTUBHOCTI a30THUX JOOPUB Ta AOCIIKEHA MOXJIUBICTh
mpoJioHTamii iX i 4Yepe3 3acTocyBaHHsS 1HTIOITOpiB HiTpudikamii. Bussiena
TOIIBHICTh 3aJIydeHHSI, SK JITaHJiB HaWOUIbII JOCHIIKEHUX Ta e(PEKTUBHUX
KOMEpIIHHUX 1HTIOITOpIB  HiTpudikamii, a came 4-amiHo-1,2,4-tpuazony Ta
nurianauaminy. Takok BCTaHOBIIEHO, IO JIESIKI METAJIA MAIOTh 1HT10yIOUnid BIMB Ha

nporecu Hitpudikarmii. [IpucyTHICTH iX y KOMIUIEKCI MOXKE CTaTH JOJaTKOBUM



1HCTPYMEHTOM 301JIBIIIEHHS BpOXKAWHOCTI. 3 JTITEpaTypHOIO OTJIsAly BUSBJICHA TOTpeda
B MIKpOeJIeMeHTaX I HalO1IbII MOMMMPEHUX CUTBCHKOTOCTIONAPCHKUX KyIbTyp. Lle
aacTb 3MoOry cOpMyBaTh KOMIO3UIlT 1HTiIOITOpiB HiTpUIKalii BpaxOBYIOUH IO
noTpeOy.

Y poboTi 3aCTOCOBAHO: TEPMIYHI JOCITIPKCHHS, MOTEHIIIOMETPUYHI METOI!
ananizy; [Y-cnekrpockorris; 1abopaTopHi Ta MiKPOIOJIbOB1 JOCIIIKEHHS 010JI0TTYHOT
AKTUBHOCTI; CTaHIAPTHI CTaTHCTUYHI METOIUW 3 BHUKOpUCTaHHAM «Microsoft
Excel, 2010».

[ToBHu# omuc 1ux MeToAIB OyB HaBeJEHUN y Jpyromy posaun «Marepianu.
Metoau Ta 3acobu AOCHiKEHHs». B 1iboMy po3faini Oyna chopmMoBaHa METOJIUKA
CUHTE3Y JOCHIHUX pEeUoBUH. J[JI1 CMHTE3y HEOOX1JTHOro CKJIaay KOMILUIEKCIB OyJIo
oOpaHo kpuctanorigpatd cyibdariB MertaniB: ZnSO, - 7 HO; CuSO4 - 5 Hy0;
CoSO4-7H,O; MnSO4-5H,0; FeSO4-7H,O, a B sgKocTi JNraHaiB
BUKOPHCTOBYBAJIUCH Bifomi 1HTIOITOpH HITpU(ikamii — auiianadamin Ta 4-amiHo-
1,2,4-Tpra30J1 3 BMICTOM OCHOBHOI pE€UOBHHHU HE MeHIIIe, K 93 1 95 % BiamoBiaHO.

JloTpUMYIOYHCh TIOCTABJIECHOTO CTEXIOMETPUYHOIO CIIBBIIHOIIECHHS BUXI1JIHUX
pPEYOBHH, BHepie OyB MPOBEJAEHUN CHUHTE3 I1HTIO0ITOpIB HiTpudikamii y BUIIISIL

n2* ta Fe?*,

KOOPAMHALIMHKX croNyK ioHiB Metainis: Cu?t; Zn?*; Co?*; M

JlocmikeHHsT TepMIYHOT TOBEIIHKH TMPOBOAWIOCH 3  BHUKOPHUCTAHHSIM
nepusatorpada Q-1500 D cuctemu «F. Paulik — J. Paulik — L. Erdey».

Jlnst BcTaHOBJIEHHS O10JIOT1YHOI aKTUBHOCTI, MOTEHIIOMETPUYHUM METOJ0M
NpOBOIUBCS aHaii3 rpyHTy Ha BMicT i0HIB NHs" Ta NO3 3 BUKOpHUCTaHHSM 10H-
CEJIEKTUBHUX €JIEKTPOIB Ha HITpaToMipi « Himpam-M»» Ta moTeHIIOMETP1 «IB-74».

[TpoBeneHo nepBUHHI AOCHTIKEHHS 3aCTOCYBAaHHS IIUX PEUOBUH Ha MPAKTHUIIL Y
MOJIbOBUX yMOBaX.

VY posainax 3 TPETHOTO MO ChOMHUN BUKJIAJEHI PE3YyJbTaTH LHUX TOCIIIKECHb,
NpHUBEIEHI OCOOJUBOCTI MPOXOMKEHHS CHHTE3Y KOXKHOI KOMIUIEKCHOI CIIONYKH,
JTOCITIDKEHO CTPYKTYpY Ta CKjlaJ pe4YoBUH. BukianeHi pe3yjabTaTd TEPMIYHUX,
TUTPOMETPUYHHUX, T[OTEHIIOMETPUYHUX METOAIB aHaiizy Ta 1HppadyepBOHOI

CIEKTPOCKOTIII.

[1ix yac poOOTH HaJ AOCIIKEHHIM — OyJI0 BUSIBJICHO PsiJl 3aKOHOMIPHOCTEH:



- 3017blIeHHS OI0JOTIYHOI AKTUBHOCTI Ta TPHUBAJIOCTI J1i CHUHTE30BaHUX
KOMIUIEKCIB Y TOPIBHAHHI 3 OPUT1HATBHUMH KOMEPIIHHUMHU MIpernapaTamu;

- T1O0Ka3aHO, IO B 3aJIEKHOCTI Big dYacTku 4-amiHo-1,2,4-tpuazony B
KOMILJIEKCHUX CIIOJIyKaX CIIOCTEPIraeThbcsl pi3HUM BIUIMB HA BCl MapameTpu
HiTpUiKarii;

- 3MCHIICHHS BTpaTH aMOHIM-KaTIOHIB MPOMOPIiHE 30UIBIICHHIO YacCTKH
JTULIaHARaMITy .

OTxe, MOXHaA 3pOOMTH BHUCHOBOK IMPO BIUIMB CITIBBITHONIICHHS JITaHTIB HA
NMOKa3HUKW HiTpudikamii — Ha nepury ¢aszy HiTpudikamii gie Kpamie KOMIUIEKC 13
cuiBBigHomeHHssM Jiraaaie 1:2 (ATC:DCD), a cniBBigHOmenHs 2:1 y ckmami
KOMILJIEKCY Ma€ Kpally CHHEpPTio il Ha 00uaABi dasu.

Y BocbMOMY pO3/iiTi, MIKpPOIIOJIEOBOMY JTOCTIKEHHI BUSBJICHO PI3HUN BIUIMB
10HIB METaJiB Ha 3pPOCTAaHHS Ta BPOXAWHICTH KYKYpyA3u copTy «/b Xomuny.
Buxopucranns komriuiekciB 1MHKY Ta Migi pazom 3 PKJI 10-34-0 1 kapGamizom
3abe3mneuye 30UIbIICHHS POCTY POCIHMH Ha 8 % y MOPIBHSIHHI 3 KOHTpoJieM. B cBoro
4epry, 3aydeHHs [IMTHKOBOTO Ta MAHTaHOBOTO KOMITJIEKCY Pa3oM 3 IIUMHU TOOpHUBaMH
nae 301IbIIEHHS BPOKaWHOCTI KyKypy 3y Ha 1,33-1,54 kr/m2,

OTxe, B pe3ysbTaTi BUKOHAHHS JUCEPTALIiHOI pOOOTH BUPIIIEHO BaXJIHMBE
HAyKOBO-TIPAKTHUYHE 3aBJaHHS 100 CHUHTE3y Ta 3aCTOCYBaHHS 1HTIOITOPIB
HiTpudikaii Ha ocHOBI KoopauHaLiiHKMX croayk Cu?*, Zn?*, Co?*, Mn?*, Fe?*. Bci
OTpUMaHI PE3yJbTaTH JO3BOJISIIOTH CTBEP/KYBaTH, IO iX 3aCTOCYBaHHS HeEcCe
MO3WTUBHUI BILJIMB HA IPUTHIYEHHA HiTpudikaiii. B pe3ynbTaTi 3MIHIOETHCS KIHETHKA
HiTpU(iKaIlii, TMHaMiKa BTPATH Ta HAKOMTMYEHHS a30TOBMICHHUX CIOJIYK B IPYHTOBOMY
CepeOBUIII.

Bnepmie Hamu Oysio 3ampoOnoOHOBAaHO HOBE TMOETHAHHS Yy KOMILIEKCI TaKUX
1Hr101TOpiB  HiTpUdikamli, sk 4-amiHo-1,2,4-Tpuazon Ta  JAMIlaHIUAAMIT 1
EKCIIEpUMEHTAILHO JOBEJCHO, M0 CHHTE3 TaKUX KOMIUIEKCIB 13 PpI3HUM
CHBBIAHOLIEHHSM MPOMUCIIOBUX THT101TOPIB MOXKE POIIUPUTH ACOPTUMEHT HAsIBHUX

Ha PUHKY Mpenaparis.



Kniouosi  cnosa:  4-amino-1,2,4-tpuazon,  amoHiii-kaTioH,  OloJioriyHa
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MaHTaH, MiJlb, HITPaTH, HITpUQIKAILlis, IUHK.



ABSTRACT

Malook M. V. Synthesis of nitrification inhibitors based on coordination
compounds Cu(ll), Zn(1l), Co(ll), Mn(ll), Fe(ll). — Qualifying scientific work on the
rights of manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty «102 Chemistry» (field of knowledge «10 Natural Sciences»). — Ukrainian
State University of Science and Technology Educational and Scientific Institute
«Ukrainian State Chemical and Technological University», Ministry of Education and
Science of Ukraine, Dnipro, 2024.

The dissertation is devoted to the preparation of nitrification inhibitors (NIs)
based on coordination compounds (copper, zinc, cobalt, manganese, and iron),
followed by the study of their structure, properties, and biological activity.

A technique for the synthesis of complexes of a given composition has been
developed. Coordination compounds Cu?*, Zn?*, Co?", Mn?*, Fe?* with different
amount and ratio of ligands — 4-amino-1,2,4-triazole (ATC) and dicyandiamide (DCD)
were obtained. The output of each of these substances was analyzed.

Their physical and chemical properties were studied: thermal behavior;
solubility in water and KAS-28 solutions (a saturated solution of urea-ammonium
nitrate with 28% nitrogen). The content of the complexing agent in the substances is
determined.

The IR spectra of the complexes were recorded and analyzed. It was established
that the addition of 4-amino-1,2,4-triazole takes place bidentately — to two metal atoms
through N; and N, atoms (1,2-coordination). Addition of dicyandiamide to metals
takes place along the C=NN or C=N group with equal probability. A significant
decrease in the absorption peaks in the range of 2150-2250 cm, characteristic of DCD,
indicates precisely the coordination by the C=N group.

The effect of the test substances on both phases of nitrification was studied by
the potentiometric method using ion-selective electrodes. The dynamic change in the
number of NH," and NOjs™ ions in the experimental samples is shown. The calculation

of indicators is given: preservation of ammonium cations (ZA); accumulation of nitrate



anions (NN); nitrification rate (SN) and degree of nitrification inhibition (SPN). It was
found that complexes with the predicted empirical formula [E(ATC),(DCD)(H.0)]SO,
have the highest activity. This is confirmed by the lowest rate of formation of nitrate
anions in the soil at the maximum degree of inhibition of nitrification.

The relevance of the conducted research lies in the obtained groups of substances
with biological activity in relation to nitrifying bacteria.

The unrestricted growth of nitrifying bacteria, such as Nitrosomonas and
Nitrobacter, causes an increase in the rate of nitrification. The effect of inhibitors is
aimed at inhibiting the action of these microorganisms, by directly acting to reduce the
speed of biological processes. As a result, the period of availability for plants of the
ammonium form of fertilizer increases. This will increase the yield of agricultural crops
due to the fact that this form is fixed by the soil and is not washed out of the reach of
the root system. In addition, the ecological risk of environmental pollution will
decrease.

In this way, leaching of the nitrate form, which pollutes river and lake waters,
will decrease and the level of its accumulation in agricultural products will decrease.
The production of nitrification inhibitors with greater activity will reduce the cost of
growing plants and provide the market with new, more effective drugs in the future.

The dissertation consists of: introduction; literature review; research materials,
methods and tools; six experimental sections related to obtaining and researching the
properties of nitrification inhibitors.

In the first chapter of the dissertation, a review of research works related to
solving the problem of unproductive use of nitrogen fertilizers was carried out.
Methods of their application in the agricultural sector are considered. Collected
information on the effectiveness of nitrogen fertilizers and investigated the possibility
of prolonging their action through the use of nitrification inhibitors. The expediency of
using, as ligands, the most researched and effective commercial nitrification inhibitors,
namely 4-amino-1,2,4-triazole and dicyandiamide, was revealed. It was also
established that some metals have an inhibitory effect on nitrification processes. Their
presence in the complex can become an additional tool for increasing productivity. The

literature review revealed the need for trace elements for the most common agricultural



crops. This will make it possible to form compositions of nitrification inhibitors taking
into account this need.

The work uses: thermal research; potentiometric methods of analysis; IR
spectroscopy; laboratory and microfield studies of biological activity; standard
statistical methods using «Microsoft Excel, 2010».

A full description of these methods was given in the second chapter «Materials.
Methods and means of researchy. In this section, the method of synthesis of research
substances was formed. Crystal hydrates of metal sulfates were chosen for the synthesis
of the required composition of complexes: ZnSO, - 7 H,O; CuSO4 - 5 H0;
CoSOy4 - 7H0; MnSO,4 - 5H,O; FeSO4 - 7 H,0, and well-known nitrification
inhibitors — dicyandiamide and 4-amino-1,2,4-triazole with the content of the main
substance at least 93 and 95%, respectively, were used as ligands.

Adhering to the set stoichiometric ratio of starting substances, the synthesis of
nitrification inhibitors in the form of coordination compounds of metal ions: Cu®*;
Zn?*; Co?*; Mn?* and Fe?* was carried out for the first time.

The study of thermal behavior was carried out using the Q-1500 D derivatograph
of the «F. Paulik — J. Paulik — L. Erdey».

To determine the biological activity, the soil was analyzed by the potentiometric
method for the content of NH," and NOjs™ ions using ion-selective electrodes on the
nitratometer «Nitrat-M» and the potentiometer «EV-74».

Primary studies of the application of these substances in practice in field
conditions have been conducted.

Chapters three through seven present the results of these studies, present the
features of the synthesis of each complex compound, and examine the structure and
composition of substances. The results of thermal, titrimetric, potentiometric methods
of analysis and infrared spectroscopy are presented.

During the work on the research, a number of regularities were discovered:

- increase in biological activity and duration of action of synthesized

complexes in comparison with original commercial drugs;



- 1t is shown that depending on the proportion of 4-amino-1,2,4-triazole in
complex compounds, there is a different effect on all parameters of
nitrification;

- the decrease in the loss of ammonium cations is proportional to the increase
in the proportion of dicyandiamide.

So, we can conclude about the influence of the ratio of ligands on nitrification
indicators — the complex with the ratio of ligands 1:2 (ATC:DCD) acts better on the
first phase of nitrification, and the ratio 2:1 in the composition of the complex has a
better synergy of action on both phases.

In the eighth chapter, a microfield study revealed different effects of metal ions
on the growth and yield of corn variety «DB Khotyn». The use of zinc and copper
complexes together with RKD 10-34-0 and urea provides an increase in plant growth
by 8 % compared to the control. In turn, the involvement of zinc and manganese
complex together with these fertilizers increases the yield of corn by 1,33-1,54 kg/m?,

So, as a result of the dissertation, an important scientific and practical task was
solved regarding the synthesis and application of nitrification inhibitors based on
coordination compounds Cu?*, Zn?*, Co?*, Mn?*, Fe?*. All the obtained results allow
us to state that their use has a positive effect on the inhibition of nitrification. As a
result, the kinetics of nitrification, the dynamics of loss and accumulation of nitrogen-
containing compounds in the soil environment change.

For the first time, we proposed a new combination in a complex of such
nitrification  inhibitors as 4-amino-1,2,4-triazole and dicyandiamide and
experimentally proved that the synthesis of such complexes with different ratios of

industrial inhibitors can expand the range of drugs available on the market.

Keywords: 4-amino-1,2,4-triazole, ammonium cation, biological activity, soil
bacteria, dicyandiamide, iron, cobalt, complex compounds, manganese, copper,

nitrates, nitrification, zinc.



