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Design and synergistic effect of nano-sized epoxy-
NiCo2O4 nanocomposites for anticorrosion
applications†

M. Swathika,a Kshitij RB Singh, b M. Mehala,a Sadanand Pandey, c Jay Singh, b

Ravindra Pratap Singh *d and Arunadevi Natarajan *a

In the present work, we evaluated the corrosion inhibition properties of a ligand and mixed metal oxide

nanocomposite. The ligand and mixed nickel–cobalt complex were synthesized using 1-naphthoic acid

and aminoguanidine with the formulae [C11H7O2(CN4H5)(CN4H6)]$H2O and {Ni–Co

[(CH5N4)2(C11H7O2)2]}$H2O, respectively. After their synthesis, physicochemical techniques such as CHNS

analysis, infrared and UV-visible spectroscopy, thermal analysis, and X-ray diffraction (XRD) were

employed to characterize both the synthesized ligand and nickel–cobalt complex. The metal oxide

prepared from the decomposition of the metal complex was also characterized using several techniques

to confirm its bonding and structure. In addition, the corrosion inhibition efficiency of the epoxy-ligand

and epoxy-NiCo2O4 nanocomposite on mild steel (MS) in 3 M hydrochloric acid (HCl), 1.5 M sulfuric acid

(H2SO4), and 0.5 M phosphoric acid (H3PO4) solution was examined and compared using weight loss

measurements, Tafel plots, isotherms and electrochemical impedance spectroscopy (EIS). The results

from the electrochemical studies disclosed that the epoxy coating of mixed metal oxides with 0.8 ppm

concentration yielded excellent corrosion protection. The SEM images of mild steel and mild steel

coated with epoxy-ligand/epoxy-NiCo2O4 in HCl confirmed the anti-corrosive behavior of the

synthesized compounds. Hence, the as-prepared material can be a next-generation tool for sustainable

anti-corrosive coatings.

1. Introduction

Aminoguanidine is a hydrazine derivative and a bifunctional
molecule, and the salts prepared from aminoguanidine are
anticipated to resemble the hydrazine moiety. The nitrogen
constituent and asymmetric bifunctional nature of amino-
guanidine are responsible for its enhanced thermal and
chemical reactivity. Thus, its salts are employed to prepare
metal complexes with important physical properties such as
ferroelectricity (pyroelectricity and piezoelectricity) and second
harmonic generation.1,2 It is also an excellent chelating ligand
and forms monodentate or bidentate complexes with metal
ions. Due to the presence of carbon with four nitrogen atoms,

aminoguanidine acts as an outstanding starting material in
cyclization processes. Specically, the four nitrogen atoms in
aminoguanidine undergo coordination in various modes to
form different types of complexes.3,4 However, in the free state,
aminoguanidine is unstable, while in the solid state, it exists as
a mono (+1) or di (+2) cation. In the solid form, its extreme
nitrogen atom has hydrazine moiety in the sp3 hybridized state
and the extra non-hydrogen atoms are in the sp2 hybridized
state.5,6

Further, 1-naphthoic acid (1-naphthalene carboxylic acid)
and its derivatives have attracted great attention from
researchers because they possess an extensive range of biolog-
ical and chemical applications in medicine, photochemicals,
organic pigments, pesticides, photosensitive materials, dyes,
cosmetic preparations, etc. Complexes of naphthalene deriva-
tives have been examined since the 1960s, when 1-naphthoic
acid was compiled from a planar dimer unit. It was mainly used
to synthesize highly economical and effective herbicides, and it
also acts as a plant growth regulator, thermal testimony mate-
rial, and photosensitive object. Some materials prepared from
1-naphthoic acid have the resistivity of plasticizers and solvents,
and these signicant features led to the detailed spectral
examination of 1-naphthoic acid, where one of the best
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Symbiotic study of N-bridged metal complexes as
electrocatalysts for hydrogen evolution reaction
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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� Fabrication of non-noble metal

catalyst.

� Low-cost and effective electro-

catalyst for HER.

� Lithium catalyst excellent activity

through Heyrovsky-Volmer

mechanism.

� Highly active and porous nature of

the catalyst with enhanced

absorption.

� Comparison of alkaline and alkali

metal catalyst.
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a b s t r a c t

Design and fabrication of non-noble metal catalysts for the extensive generation of H2

(hydrogen) gas by water splitting is the upsurging field aiming towards the sustainable

environment and need the future clean and green energy. However, scheming and un-

derstanding the basic principle regulating the activity of the catalyst is still inexplicable.

Although Pt is currently the material of choice owing to its high electrocatalytic activities

but need for its high loading and high cost is an intriguing issue needing amicable solution.

The hybrid structures of heteroatom-based transition metal complexes are more effective

and are cost effective electrocatalysts for hydrogen production. In this proposed work, the

electrocatalytic behaviour of alkali (Liþ, Naþ, Kþ) and alkaline metal (Ca2þ, Sr2þ, Ba2þ) was

figured out along with their synthetic procedure and characterization. Owing to their high

complexing ability, ring formation, and bidentate nature, substituted naphthoic acid and

aminoguanidine were chosen as bridging ligands. The thermodynamic stability and best

catalytic behaviour of synthesized alkali and alkaline earth metals were compared and
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ABSTRACT 
The precise use of an electrocatalyst for the HER reaction mainly 
depends on synthesis cost, durability and over potential. Recently 
there is promising research for electrocatalyst synthesis using first 
row transition metals. Working towards this herein we present, 
synthesis, physio-chemical characterization and hydrogen evolution 
activity of amino guanidium metal naphthoate complexes. The 
obtained electrocatalysts were characterized by element analysis, IR 
spectra, UV-Visible spectroscopy, TG-DTA, and powder-XRD. 
The thermal behavior of these compounds has been studied by 
simultaneous TG-DTA techniques. The isomorphic nature of the 
metal complexes is evident from powder-XRD data. 
Key Words: HER, electrocatalyst, cyclic voltammetry, 
aminoguanidine 
 

1. INTRODUCTION 

 
Hydrogen gas is a perfect, clean and pollution free fuel for the future generation. 

Production of hydrogen in recent era is mostly attained from burning of fossil fuels. But 
the main draw back in this method is evolution of large amount of greenhouse gases. The  
hydrogen production is also possible by  means of electro, photo electrocatalytic, and water 
splitting process but it requires  more efficient catalyst (1, 2) .  Noble metals like platinum, 
iridium, and ruthenium exhibit a good catalytic activity but it is too expensive (3,4). Many 
metal oxide semiconductors like titanium oxide, nickel oxide and zinc oxide were 
extensively used as catalyst for both HER and OER (5-10). The high band gap energy and 
formation of free radicals in presence of UV light are considered as main disadvantage of 
these metal    oxides (11,12). We found from literature that the conversion of dative bond 
to sigma bond between metal and nitrogen atom will increase the metal complex stability 
and thereby increases hydrogen evolution (13,14). Hence, it is extremely needed to 
synthesis a simple, low-cost metal complexes as catalyst to increase the evolution of 
hydrogen. The present work focused on synthesis of new transition metal complexes as 
electrocatalyst for hydrogen evolution. 
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Abstract

Progression in lighting sources mainly depended on new, robust energy-efficient

diodes due to their advanced photometric properties. All organic light-emitting

sources are constant energy-efficient devices and will be the light of the future. We

explore the potential of transition metal complexes by focusing on cobalt(II), nickel(II),

and copper (II) with aminoguanidine naphthoate as white phosphors in organic light-

emitting diodes (OLEDs). The phosphors synthesized at optimized temperature were

characterized structurally and thermally by spectral, thermal, and diffraction tech-

niques. The photophysical studies of the target compound in several organic solvents

having divergent polarity were also studied, and the results were exhibited. Photo-

metric properties of the complexes were studied using photoluminescence, CIE

(Commission internationale de l'éclairage) chromaticity coordinates, correlated color

temperature, color purity, Duv, and TLCI (Television Lighting Consistency Index) to

verify the applicability of complexes as phosphors. Excellent luminescence property

with a high coloring index for (Cu(2NA-AMG-2H2O)) opens the advanced avenue for

light sources and serves as vital constituents for light-emitting diodes.

K E YWORD S

CIE, color purity, color rendering index, energy-efficient diodes, OLEDs, transition metal
complexes

1 | INTRODUCTION

Transition metal complexes attract many researchers due to their fas-

cinating photophysical and chemical properties.[1] Last few decades,

plenty of research has been carried out to stabilize the chemical struc-

ture of complexes to get efficient photoluminescent properties. In the

latest lighting technology, white light-emitting diodes (WLEDs) are

frequently used due to their life span, efficiency, different range of

color availability, and good stability.[2–5] Phosphor-WLEDs with tri-

color or near-ultraviolet (n-UV)/blue chips are widely utilized as solid-

state lighting sources due to their outstanding performance.[6,7]

WLED produced by using n-UV region was found to be good for living

beings and will not create environmental problems. The main limita-

tion is blending two or more phosphors with a diode.

Moreover, it will have a high rendering index but poor luminous

efficiency because of re-emission. The single solid light emitting diode

will solve this problem and have enhanced properties like low cost,

high efficiency, nil reabsorption, and numerous color options. Hence,

more attention has been devoted to exploring the novel single phos-

phors working in n-UV regions.

Usually, phosphors have two essential components like activators

and hosts. In WLED, the activators may be transition metal rare-earth

metals. The color variation due to metal doping into the base compo-

nent may result from 4f–4f, d–d, 4f–5d transitions or charge transfer

Received: 16 June 2022 Revised: 30 July 2022 Accepted: 3 August 2022

DOI: 10.1002/bio.4365
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a b s t r a c t 

Aminoguanidium-1-naphthoate and its Ni(II) and Co(II) complexes were synthesized and characterized 

by spectral, thermal and structural methods. By using these compounds as precursors, epoxy coated lig- 

and, NiO and CoO has been prepared by Sol-gel method in order to protect the corrosion on mild steel 

substrate. Resistance and protection against corrosion of the synthesized sample was studied in 3 M HCl, 

1.5 M H 2 SO 4 , and 0.5 M H 3 PO 4 by weight loss measurements, potentiodynamic polarization and elec- 

trochemical impedance spectroscopy (EIS). The surface and structural morphological studies of epoxy- 

metal oxides were investigated using powder XRD and SEM analysis. The corrosion protection efficiency 

of epoxy -NiO and epoxy -CoO nanoparticles film on mild steel is high than epoxy-L. The molecular 

docking study against 3T88 and 1Y2T protein with synthesized compound was performed to study the 

interactions responsible for anti-bacterial activity against S. aureus and E. coli. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

Aminoguanidine, a derivative of hydrazine, is a diacidic base, 

forming aminoguanidinium ( + 1) and aminoguanidinium ( + 2) salts 

with minerals, carboxylic acids, or both. Because of their manufac- 

turing methodologies and physical features, aminoguanidine and 

related salts have recently attained more interest. In acidic con- 

ditions, it forms salts with both aromatic and aliphatic carboxylic 

acids, and undergoes condensation reaction with acids to yield hy- 

drazides [ 1 , 2 ]. 

Naphthoic acid is an aromatic compound having two fused ben- 

zene rings with COOH as functional group [ 3 , 4 ]. It is mainly used 

as an intermediate in the preparation of dye and the photosensitive 

material [5] . Hydroxy naphthoic acid is a very good bidentate lig- 

and and coordinate through carboxylate and hydroxyl oxygen [ 6 , 7 ]. 

It is used as a lithographic printing plate and produces color for 

various dyes [ 8 , 9 ]. 

Corrosion causes major problems in many industries, particu- 

larly in the petroleum industry, where acids are employed to dis- 

∗ Corresponding author. 
E-mail address: ranjithkumar.e@kpriet.ac.in (E. Ranjith Kumar). 

solve impurities. The sulphate, nitrate, and phosphate salts have 

lower solubility in aqueous media than hydrochloric acid (HCl), hy- 

drofluoric acid (HF), and formic acid [ 10 , 11 ].Phosphoric acid is fre- 

quently used in food industry, acid pickling, acid cleaning, and acid 

descaling. Though the corrosion problem in industry is unavoid- 

able, we should find an appropriate solution to solve it. The cor- 

rosion process requires an efficient corrosion inhibitor to control 

damage in mixing tanks and other metallic surfaces [ 12 , 13 ].One 

of the most important revolution in corrosion science is the use 

of organic substances as inhibitors [14] . The chemical structure of 

the inhibitor, the chemical composition of the solution, the na- 

ture of the metal surface, and the electrochemical potential of 

the metal–solution interface all influence the modes of adsorp- 

tion. The inhibitor is chosen based on two primary considerations 

namely inexpensive ingredient and increased adsorption. In gen- 

eral, a strong coordination bond provides greater protection ef- 

ficiency, and the protection efficiency increases as the sequence 

oxygen < nitrogen < sulfur < phosphate [ 15 , 16 ]. 

According to the literature, nitrogen- heterocyclic compounds 

such as triazole, pyrazole, pyridinete, and trazole derivatives are 

act as very good inhibitors [17–20] . The objective of this work is 

to study the corrosion protection of durable epoxy film with metal 

https://doi.org/10.1016/j.molstruc.2021.131790 

0022-2860/© 2021 Elsevier B.V. All rights reserved. 
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