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Abstract: Schiff bases and their transition metal complexes represent a class of compounds of
significant biological and industrial importance. The primary objective of this study is to investigate
the antimicrobial, anticorrosion, and anti-wear properties of the N,N-Bis(benzylidene)-o-
phenylenediamine ligand—synthesized from benzaldehyde and o-phenylenediamine—along with its
zinc-acetate complex in cutting fluids, fuels, and lubricating oils. The structure of the synthesized
compounds was confirmed by IR spectroscopy, revealing characteristic absorption bands for the
azomethine C=N group at 1620 cm™! for the ligand and 1663 cm™! for the zinc-acetate complex. The
antimicrobial and fungicidal activities of the compounds were evaluated using the well-diffusion
method in accordance with GOST 9.052-88 and GOST 9.023-74 standards against Mycobacterium
phlei, Pseudomonas aeruginosa bacteria, and Aspergillus niger, Cladosporium resinae fungi. The
results demonstrated that the zinc-acetate complex at a concentration of 0.5% exhibits high fungicidal
activity against Cladosporium resinae in cutting fluids and gasoline, with inhibition zones of 2.2-2.2
cm and 3.8-3.9 cm.
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Annotatsiya: Shiff asoslari va ularning o‘tish metalli komplekslari yuqori biologik va sanoat
ahamiyatiga ega bo‘lgan birikmalar sinfidir. Ushbu tadgiqotning asosiy magsadi benzaldegid va o-
fenilendiamin asosida sintez qgilingan N,N'-Bis(benziliden)-o-fenilendiamin ligandi hamda uning rux-
atsetat kompleksining sovutuvchi-kesuvchi suyuqliklarda (SKS), yoqilg‘i va moylash materiallarida
mikroblarga qarshi, korroziyaga qarshi va yeyilishga qarshi xossalarini o‘rganishdan iborat. Sintez
qilingan birikmalarning tuzilishi IQ spektroskopiyasi yordamida tasdiglangan bo‘lib, azometin C=N
guruhining yutilish chiziglari ligandi uchun 1620 sm~! da, rux-atsetat kompleksi uchun esa 1663 sm™!
chastotada kuzatilgan. Birikmalarning mikroblarga qarshi va fungitsid faolligi GOST 9.052-88 va
GOST 9.023-74 standartlariga muvofiq diffuziya zonasi usuli yordamida Mycobacterium phlei,
Pseudomonas aeruginosa bakteriyalari hamda Aspergillus niger, Cladosporium resinae
zamburug‘lariga qarshi aniglangan. Tadqiqotlar shuni ko‘rsatdiki, rux-atsetat kompleksi 0.5%
konsentratsiyada sovutuvchi-kesuvchi suyugliklar va benzin yoqilg‘isida Cladosporium resinae
zamburug‘iga qarshi yuqori fungitsid faollik ko‘rsatadi (infeksiyani bostirish zonalari mos ravishda
2.2-2.2 sm va 3.8-3.9 sm).

AnHoranusa: OcHoBanus Iludda u ux nepexoiHble MeTaTTOKOMILIEKChI TPeACTaB/IsIOT
coboli K/lacC coeJUHEHUH, UMEIOLHUX BBICOKYIO OMOJIOTMUYECKYIO U TIPOMBIILJIEHHYH 3HaUMMOCTb.
OCHOBHOU T1Ie/TbI0 UCC/IeZIOBAHUS SIBJISIETCS M3yueHWe AHTUMHUKPOOHBIX, aHTMKODPO3WOHHBIX U
MPOTUBOU3HOCHBIX CBOMCTB JIUTaHa N,N-Buc(beH3unuaeH)-o-heHuneHuaMuHa,
CUHTe3WPOBAaHHOT'O Ha OCHOBe OeH3asbZierusia u o-heHuneHanaMIHa, a Tak)Ke ero [IMHK-al[eTaTHOT0
KOMILJIEKCAa B CMa304HO-oxXjaxaarommx >kuakoctsax (COJXK), TommBax M CMa30UHBIX Mac/ax.
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CTpyKTypa CHHTEe3MPOBAHHBIX COe/JMHeHUM MoATBepKAeHa MeTooM VK-crieKTpockomnuu: moJochl
riorjioljeHust a3oMetuHoBoM rpytirel (C=N) HabmozaroTcs ipu yactoTe 1620 cm ™! ajist murasza u
1663 cM™! pans 1[MHK-AlIeTaTHOTO KOMITIeKCa. AHTHUMUKDOOHass W (PYHTUIUAHAS aKTUBHOCTh
COeJMHEHWI Orpejiensiiack MeTogoM Auddy3uu B JIyHKH B COOTBeTCTBMM cO cTaHgaptamu ['OCT
9.052-88 u 'OCT 9.023-74 B oTHOmeHunr bakTepuii Mycobacterium phlei, Pseudomonas aeruginosa
u rpuboB Aspergillus niger, Cladosporium resinae. VcciejoBaHust TIoKa3asiu, UTO LIMHK-alleTaTHbIN
KOMIUIEKC Tipy KoHLleHTparwu 0.5% MposiB/isieT BLICOKYHO PYHTULIUAHYIO aKTUBHOCTD TIPOTHB Iprbda
Cladosporium resinae B COXX u 6eH31He (30HbI yTHETEHUSI COCTABJISIFOT COOTBETCTBEHHO 2.2—2.2 CM
u 3.8-3.9 cm).

Introduction

Recent studies indicate that transition metal complexes incorporating Schiff bases possess
unique physicochemical properties with significant potential in pharmaceutical, biological, and
industrial fields. Due to the presence of the azomethine group (—C=N-) alongside active heteroatoms
(nitrogen, oxygen, sulfur), these compounds readily adsorb onto metal surfaces, forming protective
films that provide high efficacy in protecting carbon steel from corrosion in aggressive environments.
Furthermore, owing to the synergistic effect between metal ions (such as zinc) and organic ligands,
these complexes display enhanced antimicrobial and fungicidal activities, making them effective
biocide additives for industrial fluids and fuels.

Methods

The ligand N,N-Bis(benzylidene)-o-phenylenediamine was synthesized via the condensation
of benzaldehyde and o-phenylenediamine in a 2:1 molar ratio. It represents a dark brown crystalline
compound with a melting point of Ty, = 90°C. The subsequent interaction of this Schiff base with zinc
acetate salt yielded the corresponding zinc-acetate complex.
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The antimicrobial and fungicidal performances were evaluated via the well-diffusion method
in accordance with GOST 9.052-88 and GOST 9.023-74 standards.
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Figure 1. IR spectrum of the N,N-bis(benzylidene)-o-phenylenediamine zinc acetate complex

The intense absorption band observed at 1663.99cm ™' corresponds to the stretching vibrations
of the azomethine group C=N characteristic of the Schiff base. The shift in the frequency of this band
compared to the initial ligand is one of the key indicators proving that the nitrogen atom is coordinated
with the metal ion.

The antimicrobial properties of the synthesized compounds were evaluated using the well-
diffusion method in accordance with GOST 9.052-88 and GOST 9.023-74 standards. The Schiff base
derived from benzaldehyde and o-phenylenediamine yielded favorable results in lubricating-cooling
fluids (LCFs) and fuel systems, specifically targeting Cladosporium resinae. Testing was conducted
at a concentration of 0.5% in both media. The resulting derivative (at a 2:2 ratio) exhibited prominent
fungicidal properties, displaying inhibition zones of 2.8—-2.8 cm in lubricating-cooling fluids and 3.5-
3.8 cm in fuel.

The antimicrobial performance of the evaluated organic compounds in fuel and lubricating-
cooling fluids (LCFs) is summarized in Table 1:

Table 1. Antimicrobial activity of the studied compounds in lubricating-cooling fluids (LCFs) and

fuel
Diameter of the micro-organism destruction zone, cm
LCF Fuel
Concentr Bacteria Fungus | Conce Bacteria Fungus
No compound | ation% | (Mycobacteri | (Aspergil | ntratio | (Pseudomona | (Cladosp
um phlei, lus niger) | n% | s aeruginosa) | orium
Pseudomonas resinae)
aeruginosa)
Benzylidene-
0_
1 phenylenedia
mine zinc 1,0 +++ 2,2-2,2 0,5 2,3-2,4 3,8-3,9
acetate
complex salt
Benzylidene-
2 o- 1,0 +++ 2,0-2,0 0,5 2,3-2,4 2,4-2.4
phenylenedia
mine

The shift of the C=N absorption band in the IR spectra from 1620cm™ (in the free ligand) to
1663 cm™ (in the complex) explicitly confirms successful coordination between the nitrogen atom and
the zinc center. Biological evaluations demonstrate that the 0.5% zinc-acetate complex exhibits
remarkable fungicidal properties against Cladosporium resinae, particularly in fuel systems (showing
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an inhibition zone of 3.8-3.9 cm). This enhanced efficacy stems from the synergistic interplay
between the metal ion and the organic ligand. Additionally, the presence of active heteroatoms
facilitates the formation of a protective adsorption layer on metal interfaces, efficiently lowering
corrosion rates and sediment accumulation in MC-20 lubricating oil.

The N,N-Bis(benzylidene)-o-phenylenediamine ligand and its zinc-acetate complex were
successfully synthesized and structurally validated via IR spectroscopy through characteristic
azomethine C=N band shifts. Biological assays confirmed that the zinc-acetate complex serves as an
exceptional antimicrobial and fungicidal biocide, showing high potency against Cladosporium
resinae. The synthesized derivatives demonstrate strong anticorrosion and antioxidant performance in
MC-20 lubricating oil by significantly mitigating metal corrosion and sediment creation.

References

1.  Abu-Dief, A. M., & Mohamed, I. M. (2015). A review on versatile applications of transition
metal complexes incorporating Schiff bases. Journal of Basic and Environmental Sciences,
2(1), 69-82.

2. DaSilva, C. M, et al. (2011). Schiff bases: A short review of their biological activities.
Journal of Advanced Research, 2(1), 1-8.

3.  Farag, A. A., & Hegazy, M. A. (2013). Evaluation of some Schiff base derivatives as
corrosion inhibitors for carbon steel in acidic media. Corrosion Science, 74, 168-177.

4.  Yessimsiitova, Z., et al. (2020). Synthesis, characterization and antimicrobial properties of
zinc(IT) complexes with Schiff base ligands derived from o-phenylenediamine. Polyhedron,
185, 114580.

Gasimli G.R., Babayev E.R., Eyvazova .M. et al. DOI: 10.66073/ReFocus-Conf/3010012


https://doi.org/10.66073/ReFocus-Conf/3010012

