
Title of paper Name of the 
author/s

Department 
of the teacher

Name of journal Year of 
publication

ISSN number Link to the recognition in UGC enlistment 
of the Journal

Synthesis, characterization, and 
supercapacitor applications of Ni-
doped CuMnFeO4 nano Ferrite

 Dr. Santosh Uke Physics 
Ceramic 
International 

2023
Print ISSN: 0272-
8842, Online 
ISSN: 1873-3956

https://www.sciencedirect.com/science/article/a
bs/pii/S0272884223014992

Benzimidazole: A Versatile Scaffold 
for Drug Discovery and Beyond-A 
Comprehensive Review of Synthetic 

 Dr. Santosh Uke Physics 
Results in 
Chemistry

2023
Online ISSN: 
2211-7156

https://www.sciencedirect.com/science/article/p
ii/S2211715623003788

Effect of Zinc Nitrate on Morphology 
and Particle Size of Nano-sized Zinc 
Oxide

Dr. S. D. Charpe Physics 

Tuijin 
Jishu/Journal of 
Propulsion 
Technology

2023 ISSN: 1001-4055
https://www.propulsiontechjournal.com/index.php
/journal/article/view/4841

3.3.2 Number of research papers per teachers in the Journals notified on UGC website during the year





 The following Research papers have been published in peer reviewed Journals other than UGC care listed journals

Sr.No Name of the teacher Title of paper National/ International ISBN/ISSN Name of the college Name of the Jouranl

1 Dr. N. T. Mane 

Ethics Incorporated in Percy 
Shelley's Ioconic 
"Ozymandias"

International 2278-4284
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Loknayak 

2 Dr. J. S. Pusate 

Cognitive Development of 
Children and It's Concept

National 2278-9308
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

B. Adhar 

3 Dr. J. S. Pusate 

Essential Food & Nutrition    
For Living Things (Human) is 
Cause and Effect  of Four 
Element on The Earth 

International 2347-7075
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Internatinal journal of 
advance and applied 
research

4 Dr. R. R. Gawande

गाͪवलगढ टेकɬयामधील 

अशमयुगीन ͬचğे National 2319-9318
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Vidyavarta

5
UV Characterization of 
Polyblends PMMA and PVC 
Polymer with

International  2582-7421
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

International Journal of 
Research Publication 
and Reviews

6

Potassium Thiocyanate as 
Electrolytes 

International 2582-7421
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

International Journal of 
Research Publication 
and Reviews

7

UV Characterization of 
Polyblends PMMA and PVC 
Polymer with

International 2582-7421
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

International Journal of 
Research Publication 
and Reviews

8

Potassium Thiocyanate as 
Electrolytes 

International 2322-0015
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Int. Res. J. of Science 
& Engineering

Dr. S.D. Charpe

Asst Prof. R.V. Bhagwat



9 Dr. S.D. Charpe

A Review: Nano Science As 
Opportunities in Health & 
Research Area.

National 2455-314x
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Pune Reserch Scholar

10
Antibacterial Activity of 
Different Extracts of Abrus 
Precatorius

National 2455-4375
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

UPA- National E-
Journal

11

Leaves Against Oral 
Microflora To Improve Oral 
Hygiene 

National 2278-8158
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Roayal Publication 

12 Dr . V . R. Desnhmukh 

शाèğीय संगीत मे बǑंदश का  

मह×व National 2278-9308
J. D. Patil Sangludkar 
Mahavidyalaya, 
Daryapur 

Roayal Publication 
 Dr. P D  Diwan



Ceramics International 49 (2023) 27003–27014

Available online 26 May 2023
0272-8842/© 2023 Published by Elsevier Ltd.

Synthesis, characterization, and supercapacitor applications of Ni-doped 
CuMnFeO4 nano Ferrite 

Pramod Agale a, Vaibhav Salve a, Kundan Patil a, Satish Mardikar b, Santosh Uke c, 
Sunil Patange d,*, Paresh More a,** 

a K. E. T’s, Vinayak Ganesh Vaze College Autonomous, Mulund, Mumbai, 400081, Maharashtra, India 
b Department of Chemistry, SRS College, SGB Amravati University, Amravati, Maharashtra, India 
c Department of Physics, JDPS College, SGB Amravati University, Amravati, Maharashtra, India 
d Department of Physics, Shrikrishna Mahavidyalaya, Gunjoti, Maharashtra, India   

A R T I C L E  I N F O   

Handling Editor: Dr P. Vincenzini  

Keywords: 
Sol-gel 
Cu1-xNixMn1.0Fe1.0O4 ferrite 
Rietveld 
And supercapacitor 

A B S T R A C T   

Nickel (Ni) doped magnetically separable Cu1-xNixMn1.0Fe1.0O4 ferrite was synthesized using the sol-gel auto- 
combustion method. The system exhibits a cubic spinel structure with a single phase in all the samples, which 
was confirmed using Rietveld refinement. Mixed morphology with agglomerated particles with nearly spherical/ 
multi-faceted shapes was observed in FESEM studies. The elemental composition was confirmed from EDAX 
analysis. TEM images are in well accordance with FESEM images and reveals the crystalline nature of the syn
thesized samples. Magnetic properties of all the ferrites were studied using VSM. With the increase in the con
centration Ni2+ the Cu1-xNixMn1.0Fe1.0O4 ferrite transform from ferrimagnetic character to a superparamagnetic 
character. The as-synthesized materials were further tested for their electrochemical and supercapacitor appli
cations. The electrochemical measurements revealed that Cu1-xNixMn1.0Fe1.0O4 with (x = 0.75) exhibits superior 
electrochemical performance over the other samples. The high specific capacitance of 975 F g− 1, the high energy 
density of 20.8 Whkg− 1 at a scan rate of 5 mVs-1, and 94.4% capacity retention over 5000 cycles were observed 
for Cu1-xNixMn1.0Fe1.0O4 with a concentration of x = 0.75.   

1. Introduction 

Exhaustive utilization of fossil fuels has caused very serious envi
ronmental problems to the entire world. Researchers throughout the 
globe are working very hard for the cleaner and more reliable energy 
resources to deal with environmental issues. The modern world needs a 
tremendous amount of energy and energy storage devices for domestic, 
public, and for industrial establishments. Hence energy storage devices 
have become very hot topic as they possess excellent storage ability as 
well as charge and discharge very quickly. Excellent devices for energy 
storage are Batteries and supercapacitors as they can store a very high 
amount of energy, the output power is excellent as well as they have a 
long life. Hence the research on supercapacitors is going with a very high 
speed throughout the globe [1–3]. With the extensive industrialization 
and modernization, the energy consumption has increased to many folds 
hence development of new electrode materials is in great demand to 
enhance the performance of energy storage systems [4,5]. Now a day’s 

supercapacitors are considered the most promising candidates due to its 
simple geometry and ability to cater the energy need [6,7]. 

The most promising materials to be used as electrodes in the energy 
storage devices are the transition metal oxides. They are easily available, 
environment friendly, and have different constituents, morphologies, 
and great surface area. They exhibit higher values of specific capaci
tance (theoretical) [8,9]. Further, these metals play a very vital role by 
offering a noticeable improvement in the capacitance by tuning and 
controlling various defects at the surfaces as well as interfaces [10,11]. 
However, there are certain limitations of transition metal oxides to name 
a few, low electrical conductivity, sluggish ions diffusion in the bulk 
phase, and low electrical conductivity, these limitations lower their 
practical applications [12–14]. These limitations can be overcome by 
using spinels or ferrites. Spinels are AB2O4 type of compounds where, A 
and B are the bivalent and a trivalent metal cation respectively, if the 
trivalent cation is iron then they are termed ferrites [15]. The cations 
occupy tetrahedral (A-bivalent) and octahedral (B-trivalent) interstitial 
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positions of the FCC lattice formed by O2− ions. Depending upon their 
crystal structure and cation distribution, the materials exhibit different 
electrical, magnetic, and electrochemical properties [14]. Spinel ferrites 
are one of the most intensively studied inorganic nanomaterials due to 
their versatile applications. Some of the commercial applications of 
ferrites are in the gas sensing [16], in the photodegradation of dyes as 
well as in environmental remediation [17–20], in hydrogen production 
[21], in the supercapacitor applications [22,23] and in the generation of 
energy storage devices [24]. Ferrites found tremendous application in 
hyperthermia [25], cytotoxicity [26] and studies on the cancer cell lines 
[27]. The transition metals are low-cost, environmentally friendly and 
their oxides are easy to synthesize. Also, the different oxidation states of 
transition metals are one of the boons for synthesis of different binary as 
well as ternary metal oxide. Out of the different transition metal oxides, 
the Ferrites (MFe2O4) are abundant in nature, environmentally friendly 
in nature and have different oxidation states. The ferrites (MFe2O4) have 
been widely studied for supercapacitor applications where (M = Fe, Co, 
Ni, Mn, Cu, Zn) [22], NiCo2O4 [28,29], MgFe2O4 [30], and CoFe2O4 
[31]. 

Spinel ferrites consisting of a mixture of two divalent metal ions or 
trivalent metal cations called mixed ferrites are also reported by re
searchers [32,33], such ferrites are functionalized material and have 
tremendous applications in almost all fields. Bhujun et al. [34] synthe
sized CuCoFe2O4, NiCoFe2O4, and NiCuFe2O4 using sol-gel method and 
studied the electrochemical performance of the nanocomposite. A 
maximum specific capacitance of 221 Fg-1 was obtained with CuCo
Fe2O4 at a scan rate of 5 mVs− 1. In addition to excellent cycling stability, 
an energy density of 7.9 Whkg − 1 was obtained at a current density of 1 
Ag − 1. Huang et al. [35] demonstrated that the electrical conductivity of 
NiCo2O4 is two or three orders of magnitude higher than the corre
sponding single metal oxide NiO or Co3O4. Chen et al. had demonstrated 
doping of a Ni element in Co3O4 and showed that there is a great 

enhancement in the electrical properties [36]. Thus, doping of Ni 
element in the ferrites increases the properties of ferrites to many folds. 
Due to these advantages, Ni element was selected as a dopant to syn
thesize Cu1-xNixMn1.0Fe1.0O4 nano ferrite system with composition (x =
0.0, 0.25, 0.50, 0.75 and 1.0), using sol-gel auto-combustion method 
with glycine as the fuel. The as-synthesized nano ferrites were charac
terized using different physicochemical techniques such as XRD, FTIR, 
FESEM, TEM, XPS and VSM. Literature survey reveals that this is the first 
report in which Cu1-xNixMn1.0Fe1.0O4 nano ferrites were used in the 
supercapacitor application. 

2. Experimental 

2.1. Materials 

In present study, Ni (NO3)2⋅6H2O, Cu (NO3)2⋅6H2O, Mn 
(NO3)2⋅6H2O, and Fe (NO3)3⋅9H2O were used as a source of nickel, 
copper, manganese, and iron respectively and were used to synthesize 
Cu1-xNixMn1.0Fe1.0O4 nano ferrites. All the above salts and the reagents 
were purchased from Loba chemicals and were utilized to carry out 
synthesis of ferrite with no further purification. 

2.2. Synthesis of Cu1-xNixMn1.0Fe1.0O4 (X = 0.0, 0.25, 0.50, 0.75, and 
1.0) nano ferrites 

Sol-gel auto-combustion method was used to synthesize Cu1- 

xNixMn1.0Fe1.0O4 nano ferrite. As per the chemical formula Cu1- 

xNixMn1.0Fe1.0O4 (where, x = 0.0, 0.25, 0.50, 0.75, and 1.0), individual 
starting metal salt and the corresponding material were weighed sepa
rately. Above material was added in 20 mL of distilled water and stirred 
to ensure complete dissolution. This was followed by addition of 50 mL 
of glycine as the fuel with simultaneous dropwise addition of ammonia 

Fig. 1a. Rietveld Refined Pattern of Cu1-xNixMn1.0Fe1.0O4 nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0).  
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to the solution to attain a desirable pH (in the range between 8 and 9). 
Further, the sol so formed was converted to viscous gel by heating it at 
90 ◦C using hot plate. The homogeneous gel was further transformed 
into the product by heating. The gel thus formed was ignited to cease the 
reaction by at once consuming all the glycine. This auto combustion 
process results into the formation of a brown colour residue, which was 
further crushed into fine powder using mortar pestle and was sintered at 
800 ◦C in the muffle furnace for 5 h. The sintered fine powder was 
further characterized using various physicochemical characterization 
methods. Depending upon the variable Ni concentration Cu1- 

xNixMn1.0Fe1.0O4 nano ferrite were labelled as X = 0.00, X = 0.25, X =
0.50, X = 0.75 and X = 1.00 for x = 0.00, 0.25, 0.50, 0.75, and 1.0 
respectively. 

2.3. Characterization 

The room temperature XRD pattern of Cu1-xNixMn1.0Fe1.0O4 (X =
0.0, 0.25, 0.50, 0.75, and 1.0) nano ferrites were taken on a Philips (X 
pert) X-ray diffractometer using Cu kα radiation (λ = 1.5418 Å) in the 2θ 
range from 10 to 80◦. FTIR spectra in the wavenumber range from 400 to 
4000 cm− 1 were carried out using 3000 Hyperion Microscope with 
vertex 80 FTIR spectrometer. Morphology and the microstructure of the 
nano ferrites were carried out using FESEM instrument Carl Zeiss model 
Supra 55. TEM images were carried out on JEOL JEM 1200 EX ll in
strument with an acceleration voltage of 80 kV. Magnetic measurements 
were carried out at room temperature using a vibrating sample 
magnetometer (VSM) on a Quantum Design USA make SQUID system 
(Model MPMS XL). XPS was carried out on a VG-ADES400 spectrometer 

(Al Ka radiation). 

2.4. Electrode fabrication 

The substrate used for the fabrication of electrodes was stainless steel 
(SS) of grade 304, which functions as a current collector. The surface of 
the SS substrate was first cleaned in the detergent and, was dipped in 4 N 
HNO3 for 30 min and finally washed using acetone followed by double 
distilled water and dried in the oven. Electroactive Cu1-xNixMn1.0Fe1.0O4 
(x = 0.0, 0.25, 0.50, 0.75, and 1.0) nano ferrite material was loaded on 
SS substrate as per the procedure and protocol laid down for the 
supercapacitor measurement [37,38]. A Homogeneous mixture of active 
material (85 wt %), acetylene black (5 wt %) as a conductive additive 
and the binder PVDF (5 wt %) were converted to a fine homogeneous 
mixture using mortar and pestle. This fine mixture was dispersed in 
dimethyl formamide (DMF) to convert it into slurry. The SS substrate 
was then coated with the slurry using doctor blade and dried in the oven 
at 60 ◦C and further used for the electrochemical studies. The active 
mass loaded on the SS plates was estimated to be in the range of 1.2–1.8 
mg. 

2.5. Electrochemical characterizations 

Cyclic voltammetry (CV), Galvanostatic charge-discharge (GCD), 
and impedance spectroscopic measurements were performed using the 
Palmsence EmStat4s. LR electrochemical workstation forming an elec
trochemical cell comprising Cu1-xNixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, 
0.75, and 1.0) nano ferrites as working electrode, platinum as counter 

Table 1 
Summary of the Rietveld refinement factors like expected factor (Rexp), weighted profile factor (Rwp), goodness-of-fit (χ2), Crystallite size (d), lattice parameter (a), 
lattice parameter theoretical (ath), X-ray density (dx), r.m.s. strain and Tolerance factor (T).  

Comp Rexp Rwp χ2 d (nm) 
±2 nm 

a (Å) ath (Å) Dx (gm/cm3) r.m.s. Strain (10− 4) Tolerance Factor 
T 

x = 0.00 10.1 7.28 1.39 36.76 8.4200 8.4101 5.3029 0.85 1.0459 
x = 0.25 7.73 5.80 1.51 50.45 8.3823 8.3929 5.3249 2.85 1.0423 
x = 0.50 8.09 6.23 1.46 55.32 8.3672 8.3870 5.3489 0.76 1.0383 
x = 0.75 8.83 6.79 1.36 54.79 8.3501 8.3856 5.3542 2.28 1.0410 
x = 1.00 9.76 7.32 1.58 49.52 8.3450 8.3807 5.3363 1.98 1.0421  

Fig. 1b. Three-dimensional Crystal structure of cubic spinel belongs to space group Fd3m of Interstitials positions partially occupied by Tetrahedral – A and 
Octahedral- B atom. 
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electrode and Ag/AgCl as a reference electrode in 1 M Na2SO4 liquid 
electrolyte. An electrochemical impedance spectroscopic investigation 
of the as-synthesized material was carried out within the frequency 
range 1 Hz–100 kHz at open circuit potential and at 5 mV AC 
perturbation. 

3. Result and discussion 

Rietveld refined XRD pattern of Cu1-xNixMn1.0Fe1.0O4 nano ferrites 
are depicted in Fig. 1a. Reflection at (111), (220), (311), (222), (400), 
(422), (511), (440), (531), (620), (533) and (622) planes correspond to 
the face centre cubic spinel structure. It corresponds to the structure 
which is a single-phase exhibiting space group Fd3m. Refinement results 
are tabulated in Table 1. The low values of goodness-of-fit (χ2) ranging 
from 1.36 to 1.58 indicates that the refinement is excellent. The low 
values of goodness-of-fit (χ2) range from (1.36–1.58) indicating that the 
refinement is excellent. A three-dimensional crystal structure of Cu1- 

xNixMn1.0Fe1.0O4 nano ferrites obtained from the Rietveld refinement is 
depicted in Fig. 1b. Debye Scherrer equation as discussed elsewhere was 
used to calculate the crystallite size using the most intense 311 peak 
[39]. The results indicate that for lower doping concentrations (x = 0.0, 
0.25, 0.50), the crystallite size increases from 36.76, 50.45, 55.32 and 
further decreases to 54.79 and 49.52 (for x = 0.75, and 1.0) respectively 
in the system. There is a gradual decrease in the lattice parameters (a) 
with the doping of Ni2+ion (Table 1) this is in accordance with the 
Vegards law [33]. X-ray density of all the samples was calculated using 
the lattice parameters and depicted in Table 1. From the analysis, it is 
observed that, there is a slight increase in the X-ray density with the 
increase in concentration of nickel. Increase in the crystallinity with the 

decrease in the lattice parameters may be the factor responsible to in
crease in the X-ray density [33]. The r. m. s. strain of Cu1-xNixMn1.0

Fe1.0O4 nano ferrite were measured (Fig. 2). It is clear from Fig. 2 that 
the variation of sin θ with βcos θ is linear for all the samples. The straight 
lines obtained were extrapolated to the y axis to measure the strain. The 
value of the strain is listed in Table 1, very low values of the lattice strain 
confirm stability of structure [40]. 

Tolerance factor (T) was determined using following equation. 

T =
1̅
̅̅
3

√

(
rA + Ro

rB + Ro

)

+
1̅
̅̅
2

√

(
Ro

rA + Ro

)

(1a) 

Where rA, rB are the radii of tetrahedral and octahedral sites 
respectively and R0 is the radius of the oxygen ion. The literature survey 
reveals that if the value of tolerance factor is close to unity, then the 
structure is defect free spinel’s structure. The catalyst Cu1-xNixMn1.0

Fe1.0O4 is defect free as the value of tolerance factor is close to unity 
(Table 1) [40]. 

The FTIR spectra of Cu1-xNixMn1.0Fe1.0O4 nano ferrite material were 
recorded from 4000 to 400 cm− 1 range and depicted in Fig. 3a. Various 
positions of the bond are identified using FTIR spectra. As there is dif
ference in the distance for oxygen ion, tetrahedral ion, and octahedral 
ions [40], the band positions will differ. The band at 592.58 cm− 1 (M 
tet-O) are assigned for tetrahedral metal ions and oxygen ion bond 
whereas the band at 436.85 cm− 1 (M oct-O) are assigned for octahedral 
metal ions and oxygen ion bond. In Fig. 3b with the increase in the 
concentration of Ni2+ ions the higher frequency band (M oct-O) and the 
lower frequency band (M tet-O) slightly shifted toward the higher and 

Fig. 2. Williamson hall plot of Cu1-xNixMn1.0Fe1.0O4 nano ferrite samples (x =
0.0, 0.25, 0.50, 0.75, and 1.0). 

Fig. 3. FTIR sectra of as-synthesized Cu1-xNixMn1.0Fe1.0O4 nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0).  

Fig. 4. Magnetic hysteresis loops for as-synthesized Cu1-xNixMn1.0Fe1.0O4 nano 
ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0). 

P. Agale et al.                                                                                                                                                                                                                                    



Ceramics International 49 (2023) 27003–27014

27007

lower wavelength respectively. These changes are observed due to the 
replacement of tetrahedral Cu2+ ion by lighter Ni2+ ion at the same time 
Ni2+ ions push few Fe3+ ions from tetrahedral site to octahedral site 
which replace the lighter Mn2+ ions [33]. 

The cations at the tetrahedral site (A) and octahedral site (B) are 
responsible for the magnetic properties of ferrites. In normal spinel 
ferrites the tendency of trivalent metal cation is to occupy octahedral 
position whereas the bivalent metal cation occupies tetrahedral posi
tion. In ferrites the net magnetization is due to the ‘B’ site, as ‘B’ site 
have greater magnetic moment than that of the ‘A’ site. The room 
temperature Magnetic hysteresis loops of Cu1-xNixMn1.0Fe1.0O4 nano 
ferrites were recorded and are depicted in Fig. 4. Important parameter 
such as saturation magnetization (Ms), coercivity (Hc), remanent 
magnetization (Mr), squareness ratio (Mr/Ms), magnetic moment (nB) 
and anisotropy constant (K) are summarized in Table 2. An increase in 
the saturation magnetization was observed with the increasing con
centrations of nickel. Saturation magnetization depends upon the type 
and the number of ions present at the tetrahedral and octahedral sites of 

the ferrites as the distribution of ions affects magnetization. With the 
increase in concentration of Ni2+ ions in Cu1.0 Mn 1.0 Fe1.0O4 nano fer
rites Ni2+ ions replace few Fe3+ ions from octahedral site to the tetra
hedral site. Mn+3 ions spread at tetrahedral as well as octahedral site. 
The Ms value of Cu1-xNixMn1.0Fe1.0O4 nano ferrites depends on the 
distribution of the magnetic Ni2+ (d8), Cu2+ (d9) and Fe3+ (d5) ions 
between the A sites (tetrahedral) and B sites (octahedral). In the present 
work, it was found that the Ms value (Table 2) of the nanoparticles 
slowly increased with the increase of the content of Ni2+ until x = 0.50, 
which is due to the magnetic Ni2+ ions occupying the octahedral B sites 
preferentially, and then slight decreased for x = 0.75 and large decrease 
for x = 1.00 as indicated in Table 2. Similar behaviour in Ms were re
ported by Jangam et al. [33]. In Cu1-xNixFeMnO4 nano ferrite there is 
decrease in the remnant magnetization and coercivity up to x = 0.50 and 
further increase for x = 0.75 and 1.0 In Cu1-xNixFeMnO4 nano ferrite 
with X = 0.0 (Cu1.0Fe1.0Mn1.0O4) the coercivity value is extremely high 
as compare with other concentration (X = 0.25, 0.50, 0.75 and 1.0) this 
is due to the distribution of Mn+3, Fe+3 and Cu2+ ions over the octa
hedral sites [33]. Extremely high value of coercivity is further supported 
by the crystallite size, squareness ratio and anisotropy constant studies 
[15]. There is an increase in the crystallite size with the increase in the 
concentration of Cu1-xNixFeMnO4 nano ferrite and found to be lowest for 
Cu1.0Fe1.0Mn1.0O4 (X = 0.0, Table 1). In Cu1.0Fe1.0Mn1.0O4 nano ferrite 
system the hysteresis loop is very broad as the material is hard magnetic 
material [15] and the squareness ratio Mr/Ms is highest in 
Cu1.0Fe1.0Mn1.0O4 for X = 0.0 system (Fig. 4 and Table 2 respectively). 
Further the anisotropy constant is very high for Cu1.0Fe1.0Mn1.0O4 (X =
0.0) system and decreases for the other concentration of Cu1-xNix

FeMnO4 (X = 0.25,0.50,0.75) nano ferrite. Very high value of the 
magnetic anisotropy and low value of crystallite size are responsible for 

Table 2 
Magnetic parameters (Saturation Magnetization Ms, Remanence Mr, Coercivity 
Hc, Magnetic Moment nB, Anisotropy constant K) at room temperature of Cu1- 

xNixFeMnO4 system as function of Ni content (x).  

Samples Ms (emu/ 
g) 

Mr (emu/ 
g) 

Hc (Oe) Mr/ 
Ms 

nB 
(μB) 

K (erg/g) 

x = 0.00 17.96 10.79 2287.80 0.60 0.77 42800.94 
x = 0.25 26.28 0.93 27.73 0.04 1.12 759.15 
x = 0.50 27.89 0.36 5.06 0.01 1.18 147.08 
x = 0.75 26.98 0.76 8.47 0.03 1.14 237.90 
x = 1.00 20.89 8.52 173.24 0.41 0.87 3769.94  

Fig. 5. Low and high resolution FESEM images of as-synthesized Cu1-xNixMn1.0Fe1.0O4 nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0) with corresponding 
EDS elemental mapping. 
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increasing coercivity of the material. Lowest particle size (Table 1), 
highest squareness ratio (Table 2), very high anisotropy (Table 2) is 
responsible for the highest coercivity in Cu1.0Fe1.0Mn1.0O4 (X = 0.0) 
system. Further Mn+3, Fe+3 and Cu2+ ions spread over octahedral sites 
are responsible for the highest coercivity in Cu1.0Fe1.0Mn1.0O4 (X = 0.0) 
system. The squareness ratio is less than 0.10 for x = 0.25, 0.50 and 0.75 
which suggest that the material is paramagnetic. Whereas for x = 0.0 
and 1.0 the squareness ratio is more than 1.0 which suggest these two 
catalysts are ferromagnetic material [17]. 

The surface morphology of as-synthesized Cu1-xNixMn1.0Fe1.0O4 
ferrite samples were investigated with the help of FESEM. Correspond
ing low and high resolution FESEM images of as-synthesized Cu1- 

xNixMn1.0Fe1.0O4 ferrite samples with changing Ni2+ contents x = 0.00, 
x = 0.25, x = 0.50, x = 0.75 and x = 1.00 (x = 0.00, x = 0.25, X = 0.50, x 
= 0.75 and x = 1.00) are depicted in Fig. 5. Low-resolution images of all 
as-synthesized samples reveal that it exhibits mixed morphology with 
agglomerated particles. However, a careful observation revealed from 
the high-resolution images indicates that most of the particles are nearly 
spherical/multi-faceted in shape. A pristine sample, x = 0.0 without 

Ni2+ content exhibits agglomerated morphology with irregularly shaped 
particles varying in size from 30 to 60 nm. The doping of Ni2+ in the Cu1- 

xNixMn1.0Fe1.0O4 ferrite, results in formation of agglomerated products 
with well faceted crystals (sample x = 0.25 and x = 0.50). This can be 
attributed to the displacement of Cu2+ ions by lighter Ni2+ ions and 
consequently the replacement of Fe3+ ions from tetrahedral to octahe
dral sites. Further increase in Ni2+ contents again lead to formation of 
agglomerated crystal with spherical/irregularly shaped particles (sam
ple x = 0.75 and x = 1.00). These findings are in total agreement with 
the XRD results. Elemental composition of Cu1-xNixMn1.0Fe1.0O4 nano 
ferrite was confirmed using energy dispersive X-ray studies (EDS). The 
corresponding EDS patterns are depicted in Fig. 5. For undoped (x =
0.00) sample, peaks corresponding to the elements Cu, Mn, Fe and O are 
observed. For the ferrites with concentration x = 0.25, x = 0.50 and x =
0.75 the peaks of Cu, Mn, Fe, Ni, O were observed. For sample x = 1.00, 
there are peaks pertaining to Ni, Mn, and Fe only. Absence of any im
purity peak suggest that the synthesized ferrites are pure. The micro
structure of Cu1-xNixMn1.0Fe1.0O4 nano ferrite was further confirmed 
using TEM and EDS elemental mapping. The TEM images of 

Fig. 6. (a, b) TEM images of as-synthesized representative Cu1-xNixMn1.0Fe1.0O4 ferrite samples X = 0.00 and X = 0.75 respectively, (c–m) EDS elemental mapping of 
sample X = 0.00 and X = 0.75 respectively. 
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representative samples x = 0.00 and x = 0.75 are depicted in Fig. 6(a and 
b). The results are in well accordance with FESEM images and reveals 
the crystalline nature of the synthesized samples. The EDS elemental 
mapping of these samples is depicted in Fig. 6 (c - m) which further 
suggests that the nano ferrite with concentration x = 0.00 and x = 0.75 
are pure and consists of Cu, Mn, Fe and Cu, Mn, Fe, Ni respectively with 
uniform distribution of these elements within their crystallite structure. 

XPS spectroscopy was used to investigate the oxidation states as well 
as for the cation distribution. Survey XPS scans of the Cu1-xNixMn1.0

Fe1.0O4 nano ferrite with concentration of x = 0.00 and x = 0.50 
respectively are depicted in Fig. 7a. In the survey scans main photo
ionization signals of metals Cu2p, Fe2p, Mn2p, oxygen O1s and Auger 
signals of O KLL, Fe LMM, and Ni LMM are clearly displayed. 

Oxidation states, relative intensities and cationic distributions can be 
investigated by studying the narrow scan for long-time measured pat
terns of Cu2p, Mn2p, Fe2p, O1s and Ni2p bands which are depicted in 
Fig. 7(b–e) and (f) respectively. With concentration, x = 0.00 the peaks 
binding-energy positions are at 930.98 and 942.21 eV corresponds to 
Cu2p3/2 and its shake-up satellite, while the weaker peak at 950.58 eV is 
for Cu2p1/2 signal. Core signals of other metal ions are as follows, Mn 
2p3/2 (641.7 eV) and its satellite (641.52 eV), Mn2p1/2 (653.55 eV); Fe 
2p3/2 (711.4 eV) and its satellite (719.3 eV), Fe 2p1/2 (725 eV). Further, 
evident XPS results confirms that the gradual increase in the Ni2+ con
tent in Cu1-xNixMn1.0Fe1.0O4 ferrite samples occupies on account of Cu2+

rather than Mn nor Fe content as can be clearly seen in of the signals 
intensity pattern, Fig. 7 (c) and (d). It can be clearly seen, for Mn2p and 
Fe2p, almost all peaks exhibit slight position shift by Ni doping with 
virtually same peaks intensities, Fig. 7c and (d), while gradual decrease 
in intensity of Cu 2P peak is observed, Fig. 7 (b). The peaks assignment 
indicated the most stable oxidation state of Cu2+, Ni2+ and Fe2+ and 
dominant Mn2+. Similar observation in the ferrites were reported by 
Patil et al. [17]. The formation of Cu1-xNixMn1.0Fe1.0O4 (X = 0.0, 0.25, 
0.50, 0.75, and 1.0) nano ferrite is supported by these findings. 

Cyclic voltammetry (CV) technique is used to study the energy 

density, specific capacitance, and cycle life of the electrode material 
[38]. CV curves of nanocrystalline Cu1-xNixMn1.0Fe1.0O4 (X = 0.0, 0.25, 
0.50, 0.75, and 1.0) ferrite at different scan rate of 5–100 mVs− 1 and 
voltage 0–0.8 V vs. Ag/AgCl in 1 M Na2SO4 electrolyte is depicted in 
Fig. 8(a–e). It is clear from the CV curves that with the increase in the 
scan rate the current under the curve gradually increases, which implies 
that the voltametric current is directly proportional to the scan rate. The 
Cu1-xNixMn1.0Fe1.0O4 nano ferrite shows broad peaks. Moreover, the 
rectangular shape of CV curves due to the redox reaction shows the 
pseudocapacitive behaviour of the electrodes. Furthermore, the broad 
peaks as well as the rectangular shape of CV curve of as-synthesized 
samples originated from the redox reaction. The CV curve shows the 
high rate-capability is due to the high rate of intercalation and dein
tercalation of electrolyte ions into electrodes. This excellent high-rate 
performance of electrodes in electrolyte is obtained due to the meso
pores structure of prepared electrode materials. The specific capacitance 
of the as prepared nano structured material is estimated by measuring 
area under the CV curve [38]. As demonstrated in Fig. 8 (a - e), the 
electrode Cu0.25Ni0.75Mn1.0Fe1.0O4 shows better electrochemical per
formance than the other samples i. e. Cu1-xNixMn1.0Fe1.0O4 (x = 0.0, 
0.25, 0.50, and 1.0). Remarkably, the area under the CV curve for 
sample Cu0.25Ni0.75Mn1.0Fe1.0O4 at a 5 mVs-1 scan rate is high as 
compared to other electrode samples (Fig. 8 (f)). From the CV curves, the 
specific capacitance (Cs) (Fg− 1), and energy density E (Whkg− 1) were 
calculated using equations (1) and (2). The Cu0.25Ni0.75Mn1.0Fe1.0O4 
electrode shows the high specific capacitance 975.0 Fg-1, energy density 
20.8Whkg− 1 at 5 mVs− 1 and capacity retention of 94.4% over 5000 CV 
cycles at 100 mVs− 1. This excellent electrochemical activity, high spe
cific capacitance, high cyclic stability of electrode Cu0.25Ni0.75Mn1.0

Fe1.0O4 is obtained due to high electrical conductivity, the perfect 
doping of Ni2+ and Mn2+ ions in CuFe2O4 crystals and efficient utili
zation pores in the 1 M Na2SO4 electrolyte. Moreover, the calculated 
specific capacitance, energy density at different scan rates, and cyclic 
stability over 5000 CV cycles at 100 mVs− 1 of the NixMn1.0Fe1.0O4 (x =

Fig. 7. XPS spectra of Cu1-xNixMn1.0Fe1.0O4 ferrite:(a) survey scans for x = 0 and 0.5 (sample X = 0.00 and X = 0.50 resp.), (b)–(e) long-time measured patterns of 
Cu2p, Mn2p, Fe2p. 
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0.0, 0.25, 0.50, and 1.0) samples is demonstrated in Table 3. 

Cs =
1

mv(Vc − Va)

∫Vc

Va

I(V)dv (1b)  

E =
0.5 × Cs

(
V2

max − V2
min

)

3.6
(2) 

Here, m is the mass deposited in (gcm− 2), I(v) is the response current 
in (mA) of the sample electrode for unit area, V is the scan rate, (Vc– Va) 
is the operational potential window in (V), Va anodic voltage and Vc 
cathodic voltage, td is the discharge time in (s), Id is the discharge cur
rent (mA). 

The Galvanostatic charge discharge (GCD) study of the Cu1-x Nix Mn 
1.0 Fe1.0O4 nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0) was 
carried out at different current densities ranges from 20 mAcm− 2 to 60 
mAcm− 2 within the potential window 0–0.8 V in 1 M Na2SO4 liquid 
electrolyte. Fig. 9 (a)-(e) shows the GCD curves Cu1-x Nix Mn 1.0 Fe1.0O4 
nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0) of the samples at 
different current densities ranges from 20 mAcm− 2 to 60 mAcm− 2. 
Moreover, the comparative GCD curves for all Cu1-x Nix Mn 1.0 Fe1.0O4 
nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0) is shown in 
Fig. 9 (f). Using the GCD curves, specific capacitance (Cs) (Fg− 1), energy 
density E (Whkg− 1) and power density (Wkg− 1) were calculated using 
equations (2)–(4) where, Id is the discharge current, td discharge time, m 
is mass loaded on stainless steel electrodes and ΔVis the applied po
tential window. The calculated specific capacitance (Fg− 1), energy 
density (Whkg− 1) and power density (Wkg− 1) of the Cu1-x Nix Mn 1.0 
Fe1.0O4 nano ferrite samples (x = 0.0, 0.25, 0.50, 0.75, and 1.0) is 
demonstrated in Table 4. The Cu1-x Nix Mn 1.0 Fe1.0O4 nano ferrite 
samples with X = 0.75 show highest specific capacitance compared to 
other Cu1-x NixMn1.0Fe1.0O4 nano ferrite samples with x = 0.0, 0.25, 
0.50, and 1.0. The Cu1-x NixMn1.0Fe1.0O4 nano ferrite samples with X =
0.75, show a high specific capacitance of 875 Fg-1, high energy density 
of 19.7 Whkg− 1and a high-power density of 1.6 kWkg− 1at current 
density of 20 mAcm− 2. The high specific capacitance, high energy 
density and high-power density obtained in Cu1-x NixMn1.0Fe1.0O4 nano 

Fig. 8. Cyclic voltametric (CV) curves of nanocrystalline Cu1-xNixMn1.0Fe1.0O4 sample (a) x = 0.0, (b) x = 0.25, (c) x = 0.50, (d) x = 0.75, and (e) x = 1.0 electrode 
samples and (f) comparison of all samples CV at 5 m Vs− 1 scan rates in 1 mol L− 1 Na2SO4 electrolyte. 

Table 3 
The calculated specific capacitance, energy density and cyclic stability of the 
NixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, and 1.0) samples.  

Samples 
code 

Specific 
capacitance (Fg− 1) 

Energy density 
(Whkg− 1) 

Cyclic stability after 5000 
cycles at 100 mVs− 1 

x = 0.00 428.3 9.1 91.8% 
x = 0.25 479.2 10.2 92.6% 
x = 0.50 398.2 8.4 96.5% 
x = 0.75 975.0 20.8 94.4% 
x = 1.00 325.0 6.9 90.6%  
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ferrite samples with X = 0.75. This is due to the proper doping of Ni in 
CuMnFeO4. The proper doping of an external impurity enhances the 
electrical conductivity of material, and as a consequence, the electro
chemical activities of the electrode at the electrode-electrolyte interface 
increases [39,40]. Moreover, Fig. 10 (a) and (b) demonstrate the specific 
capacitance obtained from CV curves at different scan rates and GCD 
curves at different current rates, respectively, for NixMn1.0Fe1.0O4 (x =
0.0, 0.25, 0.50, 0.75 and 1.0) samples. Interestingly, the specific 
capacitance obtained from the CV and GCD curves was found to be 

nearly equal. Fig. 10 (c) shows the plot of variation of specific capaci
tance verses current density curve for NixMn1.0Fe1.0O4 (x = 0.0, 0.25, 
0.50, 0.75 and 1.0) samples. Fig. 10 (c) demonstrates that the specific 
capacitance obtained at higher current densities is remarkably lower 
than the specific capacitance obtained at lower current densities. This 
decrease in specific capacitance at higher current density is due to the 
inability of electrolyte ions to pour into electrode material at higher 
current values [41,42]. The obtained specific capacitance for the Cu 
1-xNixMn1.0Fe1.0O for X = 0.75 is higher than the reported Mn, Fe and Ni 
based metal oxide electrode materials reported in recent research re
ports. Moreover, to illustrate the significance of this study, we have 
compared present study with the earlier studies reported on Mn, Fe and 
Ni based metal oxide electrode materials for supercapacitor applica
tions. Moreover, to illustrate the significance of this study, we have 
compared the present study with the earlier studies reported in litera
ture considering Mn, Fe, and Ni-based metal oxide electrode materials 
for supercapacitor applications [43–48] (Table 5). 

Cs =
Idtd

(V2 − V1)m
(3)  

Fig. 9. GCD curves of nanocrystalline Cu1-xNixMn1.0Fe1.0O4 sample (a) x = 0.0, (b) x = 0.25, (c) x = 0.50, (d) x = 0.75, (e) x = 1.0 electrode samples, and (f) the 
comparative GCD curve for all Cu1-x Nix Mn 1.0 Fe1.0O4 nano ferrite. 

Table 4 
The calculated specific capacitance, energy density and power density of the 
NixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, 0.75 and 1.0) samples from GCD curves.  

Samples 
code 

Specific capacitance 
(Fg− 1) 

Energy density 
(Whkg− 1) 

Power Density 
(Wkg− 1) 

x = 0.00 541.6667 12.0 1666.7 
x = 0.25 569.4444 12.7 1111.1 
x = 0.50 437.5 9.7 1666.7 
x = 0.75 875 19.4 1666.7 
x = 1.00 354.1667 7.8 1666.7  
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P=
E × 3600

td
(4) 

Electrolyte resistance (Rs) as well as the charge–transfer resistance 
(Rct) of Cu1-xNixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, 0.75, and 1.0) nano 
ferrite was calculated using electrochemical impedance spectroscopy 
(EIS). The EIS study of the samples was carried out at an open circuit 
potential of 5 mV a. c. within the frequency range from 1 Hz to 100 kHz. 

The Nyquist plot of Cu1-xNixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, 0.75, and 
1.0) nano ferrite sample electrodes are depicted in Fig. 11. The elec
trolyte resistance (Rs) is also called equivalent series resistance. The 
electrolyte resistance (Rs) is obtained from the high–frequency intercept 
of the semicircle on the real axis of the Nyquist plot. Moreover, the 
diameter of the semicircle of high–frequency intercept on the real axis of 
the Nyquist plot gives the charge-transfer resistance (Rct) [38]. The 

Fig. 10. Specific capacitance calculated from (a) CV curves, (b) GCD curve (c) plot of specific capacitance and current density for NixMn1.0Fe1.0O4 (x = 0.0, 0.25, 
0.50, 0.75 and 1.0) samples., (d) plot of capacity retention vs. cycle number for NixMn1.0Fe1.0O4 (x = 0.75). 

Table 5 
Comparison of earlier studies reported for Mn, Fe and Ni based metal oxide electrode materials and present study.  

Sr. 
No. 

Material Method of 
synthesis 

Electrolyte Potential window Specific 
capacitance 

Energy 
density 

Power 
Density 

% Retention of 
capacitance 

Reference 

1 Mg0.1Mn0.9Fe2O4 Solvothermal 
reflux 

1 M KOH 0.0–0.6 V 226.4 Fg-1 at 
current density 
0.5 Ag-1 

– – 94. 6 up to 3000 
cycles 

[43] 

2 Zn doped MgFe2O4 Sol-gel 1 M Na2SO4 0.0–0.4 V 484.6 Fg− 1 at 
scan rate 1 
mAcm− 2 

10.8 
Whkg− 1 

0.5 
kWKg− 1 

– [44] 

3 MnFe2O4/graphene 
hybrid 

Solvothermal 1.0 M H2SO4 0.0–0.8 V 300 F g− 1 at a 
current density of 
0.3 A g− 1 

5.0 
Whkg− 1 

0.4 
kWk− 1 

105 after 5000 
cycles 

[45] 

4 MnFe2O4/ 
graphene/PANI 

Combustion 1 M NaCl − 0.55 and 0.25 V. 241 F g− 1 at 
current density 
0.5 mA cm− 2, 

17 
Whkg− 1 

– 100 after 5000 
cycles 

[46] 

5 NiFe2O4 Chemical 
oxidation 

2 M KOH 0–0.45 V 266 F g− 1 at 3 
mVs− 1 

22.5 
Whkg− 1 

0.85 
kWkg− 1 

126 up to 5000 
cycles 

[47] 

6 MnFe2O4 Combustion 0.1 M HCl 
and 0.1 M 
NaNO3 

− 1.0–1.2 V and − 1.6 to 
1.6 V for 0.1 M HCl and 
0.1 M NaNO3 

electrolyte, respectively 

297.7 Fg-1 

current density 1 
Ag-1 (in 1 M HCl) 

– – 92 for 0.1 M HCl for 
and 90 for 0.1 M 
NaNO3 after 2500 
cycles 

[48] 

7 MnFe2O4/GO  
Co- 
precipitation  

6 M KOH 
− 0.9-0.2 V 298 F g− 1 at 

current density of 
1 A/g 

– – 92 up to 500 cycles. [49] 

8 MnFe2O4 Chemical 
oxidation 

2 M KOH 0.0–0.45 V 415 Fg-1 current 
density 1 Ag-1 

– – 104 up to 3000 
cycles 

[50] 

9 carbon modified 
Fe3O4 

chemical 
oxidation 

6 M KOH − 0.8-0.3 V 274 F g− 1 at 
current density 
0.5 Ag-1 

– – 83 up to 5000 cycles [51] 

10 Cu 1- 

xNixMn1.0Fe1.0O for 
X = 0.75 

Auto- 
combustion 

1 M Na2SO4 0.0–0.8 V 875 Fg-1, at 
current density of 
20 mAcm− 2. 

20.8 Wh 
kg− 1 

1.7 4 
kWkg− 1 

94.4 after 5000 
cycles 

Present 
work  
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electrolyte resistance (Rs)/equivalent series resistance consists of elec
tronic and ionic contribution. Whereas interfacial resistance corre
sponds to inter–particles resistance and resistance between particles and 
current collector. Low values of electrolyte resistance (Rs), and charge 
transfer resistance (Rct) is responsible for easy access for intercalation 
and de–intercalation of ions on the electrode surface, and facile 
charge-transfer at electrode-electrolyte interface. From Nyquist plot the 
electrolyte resistance (Rs) as well as charge–transfer resistance (Rct) of 
Cu1-xNixMn1.0Fe1.0O4 (x = 0.0, 0.25, 0.50, 0.75, and 1.0) nano ferrite is 
calculated as demonstrated in Table 6. From Table 6, the sample 
Cu1-xNixMn1.0Fe1.0O4 with x = 0.75 resulted in the low values of elec
trolyte resistance (Rs) 1.5 Ω and charge–transfer resistance (Rct) 1.8 Ω. 
Interestingly, the results obtained from EIS are in good agreement with 
the results obtained from CV and GCD studies. Hence, the electrode 
materials synthesized in this study exhibit excellent electrochemical 
performance and could serve as potential candidates for electrode 
fabrication, with the potential for use in high-energy density super
capacitor applications. 

4. Conclusion 

In summary, Ni-doped Cu1-xNixMn1.0Fe1.0O4 nano ferrites having 
five different compositions (x = 0.0, 0.25, 0.50, 0.75 and 1.0) were 
synthesized by sol-gel auto-combustion method and were characterized 
with the help of various physicochemical techniques such as XRD, FTIR, 
SEM, TEM, XPS and VSM. The outstanding electrochemical performance 
demonstrated by the as-prepared nanostructure Cu1-xNixMn1.0Fe1.0O4 
with X = 0.75 can be attributed to the uniform morphology, appropriate 
doping at active sites, and high electrical conductivity. These factors 
have led to the high specific capacitance (975 Fg− 1), high energy density 
(20.8 Whkg− 1) at a scan rate of 5 mVs-1, and remarkable capacity 
retention (94.4%) over 5000 cycles. The exceptional electrochemical 

performance of the as-synthesized samples highlights their high practi
cability as potential electrode materials in the fabrication of high energy 
density supercapacitors. With their stability and durability, these ma
terials could significantly contribute to the development of advanced 
energy storage technologies and hold promise for a sustainable energy 
future. 
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Table 6 
Electrolyte and charge transfer resistance of the NixMn1.0Fe1.0O4 (x = 0.0, 0.25, 
0.50, 0.75 and 1.0) samples.  

Cu1-xNixMn1.0Fe1.0O4 

electrodes for different x 
Electrolyte 
resistance (Rs) (Ω) 

Charge–transfer 
resistance (Rct) (Ω) 
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x = 1.00 4.9 3.9  
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A B S T R A C T   

Heterocyclic compounds are foundational in drug discovery, constituting the core structure of approximately 
80% of pharmaceuticals. Benzimidazole, in particular, emerges as a critical aromatic heterocyclic system present 
in natural compounds, playing an indispensable role in medicinal chemistry. Beyond its pharmaceutical 
importance, benzimidazole demonstrates its versatility across diverse domains, including materials science and a 
wide spectrum of pharmacological applications, encompassing antiviral, antifungal, antioxidant, and anticancer 
properties. The prominence of benzimidazole in both biological activities and industrial applications underscores 
its pivotal role as a versatile heterocyclic scaffold. Its outstanding attributes, such as enhanced bioavailability, 
stability, and biological activity, have drawn significant attention from both researchers and industries. This 
comprehensive review delves into various synthetic approaches to benzimidazole synthesis, with a focus on 
practical and eco-friendly pathways utilizing various catalysts, including biocatalysts, nanocatalysts, and pho
tocatalysts. Additionally, this review sheds light on the recent advancements of benzimidazole across multiple 
sectors, spanning pharmaceuticals, materials science, agriculture, and coordination chemistry. Finally, this work 
summarized the major challenges and presents potential directions for future research endeavors in benzimid
azole applications within pharmaceuticals, agriculture, and industrial sectors.   

1. Introduction 

With the development of organic chemistry in the 18th century, the 
history of heterocyclic compounds began. The heterocyclic chemistry is 
the largest subfield of organic chemistry. The heterocyclic moieties 
possess structural diversity at high degree and are present in most of the 
biologically active compounds. More than 65 % of the data in organic 
chemistry, according to Gupta et al. is based on the chemistry of het
erocyclic compounds [1]. There were many heterocyclic compound re
ported in literature like histamine, proline, tryptophan, vitamins and 
coenzymes such as riboflavin, vitamin B12, vitamin E, folic acid etc. In 
the present time, Pathan et al. studied that the heterocyclic compounds 
play a pivotal role in medicinal study and research [2]. More than 90 % 
of clinically available drugs contain heterocyclic nuclei. This explains 

the central position occupied by heterocyclic compounds in pharma
ceutical and medicinal chemistry [3] studied by Wang et al. It is all 
known that heterocyclic compounds containing nitrogen and sulphur 
show broad pharmaceutical activities. The nitrogen-based heterocycles 
are of great significance to life in nature. They have the ability to bind to 
several medicinal targets because of their electron rich structural 
versatility, and hence studied under the far-reaching spectrum in 
biology and chemistry. A large number of synthetic nitrogen-based 
heterocyclic compounds became the centre of attention with their 
wide activities in the aspect of pharmaceutical, agricultural and indus
trial applications. Among the nitrogen-based heterocycles, benzimid
azole stands out as the building block in most of the clinical drugs which 
are in regular use. Fig. 1 represents the structure of benzimidazole. 

Benzimidazole is extensively studied as heterocyclic scaffold. Due to 
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the structural resemblance, benzimidazole and purines based nucleic 
acid are isostere of each other. It has been projected as an important 
moiety in pharmaceutical study to show a wide range of pharmaceutical 
activities and hence to synthesize its derivatives became the part of in
terest for organic and medicinal chemists [4–6]. Its pharmaceutical 
profile came to light in 1944 when Woolley assumed that benzimidazole 
can act like purines to draw some biological responses [7]. Along with 
this, benzimidazole exhibits a wide scope in agricultural, synthetic 
organic chemistry, polymer chemistry, coordination chemistry, material 
science etc. Thus, heterocycles are very important not only pharma
ceutically but also industrially. Fig. 2 shows the numbering in imidazole 
and benzimidazole. 

2. The chemistry of benzimidazole 

The benzimidazole nucleus is formed when the benzene nucleus and 
imidazole ring are fused. Benzimidazole is a heterocyclic scaffold which 
is formed when the benzene and imidazole rings are fused at 4th and 5th 
position. Fig. 3 displays the numbering in imidazole and benzimidazole 
nuclei. 

The reduction of 2-nitro-4-methylacetanilide shown in Scheme 1 was 
first reported by Hobrecker (Wright) in 1872 for the synthesis of 

benzimidazole [8,9] followed by the Ladenburg in 1875 reported from 
3,4-diamino toluene in acetic acid (Scheme 2). During this process, 
dehydration occurred and the term ‘anhydrobase’ was derived. Benz
imidazole was commonly was commonly called benzimidazoles and 
benzoglyoxaline, derivatives of o-phenylenediamine (OPDA). Fig. 4 
explains the tautomerism in benzimidazole, the H-atom linked in the N- 
1 atom of the scaffold gets tautomerized, resulting to the isomerization. 
In the Fig. 4, benzimidazole (1) and 2-methylbenzimidazole (2) were 
referred to as methenyl-o-phenylenediamine and ethenyl-o- 
phenylenediamine respectively. Besides this, benzimidazole were pre
viously called as derivatives of groups that contained imidazole 
component of scaffold. As o-phenylene formamidine, benzimidazole was 
previously known. The compounds 2(3H)-benzimidazolone (4a) and 2 
(3H)-benzimidazolethione (4b) were historically been referred as o- 
phenylurea and o-phenylenethiourea respectively [8]. 

In order to investigate the potential uses of benzimidazole in phar
maceuticals, Goodman and Nancy Hart published the first research 
paper on benzimidazole in 1943. Woolley represented its antibacterial 
activities in 1944. Brink et al. in 1949 recognized 5,6-dimethylbenzimi
dazole as a vitamin B12 degradation product. It was found that the other 
derivatives showed the same properties like vitamin B12 studied by 
Emerson et al. [10,11] From this time, various synthetic approaches 
were developed to synthesis of the benzimidazole derivatives [12], like 
Norman G.B. and Karl Folker synthesized the degradation product 5,6- 
dimethyl benzimidazole [7]. Because of –NH group present in the 
molecule benzimidazole is amphoteric in nature. Due to its ability to 
form salt, it exhibits both acidic as well as basic behavior. Wang et al. 
explained that benzimidazole can form the hydrogen bonding with the 
biological enzymes as well as receptors and can function as a ligand for 
metal ions [13]. After studying these properties of benzimidazole, it 
came to light as an important heterocyclic scaffold showing bioactivities 
and has multiple roles as antiviral, anticancer, anti-inflammatory, 

Fig. 1. Structure of benzimidazole.  

Fig. 2. Structures of purines and benzimidazole.  

Fig. 3. Numbering of imidazole and benzimidazole nucleus.  

Scheme 1. Synthesis of benzimidazole from 2,5-dimethylbenzimidazole.  

Scheme 2. Synthesis of benzimidazole from OPDA and carboxylic acid.  

Fig. 4. Tautomerism in benzimidazole.  
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antibacterial, antiparasitic, analgesic, antihistaminic, antifungal, anti
coagulant, antiulcer, etc. Fig. 5 gives the virtual representation of the 
various applications of benzimidazole. 

The first clinically available benzimidazole based drug is thiaben
dazole which is an antiparasitic and fungicide.(Yadav et al.) [15] In the 
last few years, a variety of benzimidazole based derivatives have been 
discovered. Some of them are mentioned in Fig. 6 along with their 
biological activities. As a result, both the synthetic organic chemists and 
biologists are concentrating their research study on the synthesis of 
benzimidazole.(Narasimhan et al.) [16,17]. 

3. Synthetic approaches to benzimidazole 

The first synthesis of benzimidazole was carried out by Hoebrecker 
by reducing 4-methyl-2-nitroacetanilide and then second synthesis was 
carried out by Ladenburg through refluxing 3,4-diaminotoluene with 
acetic acid. These are depicted in Scheme 1 and 2 respectively. With the 
advancement in the knowledge and as per the need of the time the 
various synthetic approaches (Fig. 7) were developed to synthesize the 
versatile pharmacophore i.e. benzimidazole scaffold [20,21]. In this 
study, the various synthetic approaches to scaffolds of benzimidazole 
family are studied along with the biological and industrial uses are also 
discussed. 

3.1. From ortho phenylenediamines (OPDA) 

3.1.1. Through condensation with carboxylic acid 
Nearly all of the synthesis of benzimidazole is initiated from the 

benzene derivatives with nitrogen containing functional groups ortho to 
one another as presented in Fig. 8. Most of the benzimidazole synthesis 
is carried out by condensing ortho-phenylenediamine (OPDA) in addi
tion to its derivatives. 

The sealed tube containing the reaction mixture of ortho-phenyl
enediamine (OPDA) and carboxylic acid were heated to get the desired 
compound 2-substituted benzimidazole. The sealed tube was heated by 
steam. Phillip’s method is the most commonly used for the synthesis of a 
variety of benzimidazoles. In this method, by condensing OPDA along 
with carboxylic acids or its derivatives, by heating them together in an 
acidic environment by adding conc. HCl. This is the most extensively 
used method explained by Özbey et al. to synthesize benzimidazole [22]. 
Scheme 3 displays the HCl catalyzed condensation of OPDA and 

carboxylic acid. 
The use of ortho-phenylenediamine for the synthesis of various 2- 

substituted benzimidazole derivatives has been done by using 
different aromatic acids in presence of ammonium chloride as a catalyst 
(Scheme 4) explains the green approach to benzimidazole synthesis 
[23]. 

The benzimidazole scaffold can be synthesized using catalyst ZnO 
nanoparticles (NAP-ZnO) to give 90–98 % yield. A number of substituted 
o-aryldiamines heated with formic acid at 70 ◦C for 6–240 min. The use 
of pricier reagents carried out without using any solvent. The advan
tages of this method are easy preparation of catalyst NAP-ZnO which is 
nontoxic, reusable and affordable heterogeneous nanocatalyst as well as 
benign reaction conditions. This makes it efficient and environment 
friendly method (Scheme 5) and studied by Alinezhad et al. [24,25]. 

2-aryl benzimidazole derivative was synthesized by Eshghi et al., by 
condensing OPDA and aromatic acid in the presence of polyphosphoric 
acid (PPA) or polyphosphate ester (PPE) employed as dehydrating 
agent. For this phosphorus pentoxide can be used as a dehydrating 
agent. 2-phenylbenzimidazoles exhibits anthelminthic activity in a 
number of veterinary and human anthelmintics. It is shown that the 
aliphatic acids reacts smoothly with OPDA (on heating with dil.HCl) to 
yield 2-aryl benzimidazole (Scheme 6). But aromatic acids react with 
OPDA only in the presence of dehydrating agents [26]. 

Alam et al. represented that by condensing an equimolar solution 
containing OPDA and p-aminobenzoic acid in presence of poly
phosphoric acid (PPA) and xylene for about 6 h, yields 2-substituted 
benzimidazole derivative (Scheme 7) [27]. 

The synthesis of benzimidazole-2-thiol derivative involves refluxing 
OPDA and mercaptoacetic acid together. It is then subsequently fol
lowed with the cyclization process with different aromatic aldehydes or 
chloroacetic acid to yield polynuclear fused benzimidazole derivative 
[28]. The synthesis of the fused rings.Huynh et al. (Scheme 8) carried out 
the green approach of benzimidazole derivatives by condensing OPDA 
with mono-carboxylic acid using the microwave irradiation (Scheme 9) 
[29]. In recent times, alumina, silica gel, and zeolite HY have been used 
as catalysts in the microwave-irradiated, solvent-free synthesis of 
benzimidazole. Scheme 10 gives the outline of this method, OPDA is 
reacted with either aliphatic, aromatic or heterocyclic carboxylic acid 
along with alumina, zeolite or silica gel, by mixing them in a mortar. 
And then this mixture is treated with microwave irradiation for 5–9 min 
at 160–560 V. The reaction progress is checked by thin layer chroma
tography by employing n-Hexane: Ethyl acetate in the ratio (90:10) as 
eluent. Chloroform is used to extract this mixture which eventually gets 
evaporated. The purification process involves column chromatography 
and recrystallization gives 2-substituted benzimidazole. 

Saberi et al. designed the same reaction under microwave irradiation 
using OPDA and benzonitrile derivatives (RCN) instead of carboxylic 
acid under solvent free conditions to give 2-substituted benzimidazoles 
[30]. 

3.1.2. Through condensation with aldehydes 
The synthesis of benzimidazole derivatives from OPDA can be car

ried out using either aliphatic or aromatic aldehydes, along with the 
presence of methanol, molecular oxygen at room temperature have been 
reported in the study. Instead of using various hazardous and costly 
oxidants, Park et al. developed the reaction to be more efficient, prac
tical and eco-friendly by using visible light irradiation [31] using mo
lecular oxygen as oxidant. This environmentally friendly approach does 
not need any metal catalyst or anything toxic. By involving the use of 
alcohol solvents like methanol or ethanol instead of harmful organic 
solvents under very mild conditions (Scheme 11). There is a possibility 
that diimine will be formed as a byproduct when there is no visible light. 
The process is accelerated by the visible light. The visible light promotes 
the reaction effectively investigated by Sontakke et al. [32] In one of the 
study done by Sarkate et al.iodine catalyzed synthesis 2-aryl-1-aryl
methyl-1H-benzimidazole,by heating OPDA & aldehydes at 80–90 ◦C 

Fig. 5. Applications of benzimidazole [14] (Image reproduced 
with permission). 
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for 1.5 h (Scheme 12) [33]. This method is simple, efficient, eco-friendly 
and practical for one- pot synthesis. Iodine is inexpensive, non- 
hazardous and commercially available reagent and hence of great 
importance. 

Alapati et al. reported the preparation of substituted benzimidazole 
by one-pot condensation from OPDA and aryl aldehyde by employing 
urea hydrogen peroxide (UHP) and iodine in dimethylsulfoxide (I2 in 
DMSO) heated at 80–90 ◦C for 1.5 h, interpreted in Scheme 13. This is a 
very efficient method which provides a good yield [34]. 

As reported by Kumar et al., using sodium metabisulphite (SBM) 
adsorbed on silica gel to synthesize benzimidazole which proved to be 
the eco-friendly reagent. The reaction is fast, efficient and eliminates the 
use of expensive and hazardous chemicals giving pharmaceutically 
important benzimidazole scaffold in high quantities. The OPDA solution 
in ethanol is added to benzaldehyde, and then SMB-SiO2 (SMB adsorbed 
on silica gel) is added and stirred for 4 to 8 h (Scheme 14). Thin layer 
chromatography (TLC) and column chromatography helps to confirm 

the product i.e. substituted benzimidazole [35]. 
The one step synthesis of benzimidazole derivatives involves the 

refluxing of OPDA & aldehydes at 100 ◦C in the presence of air as an 
oxidant reported by Lin et al. and Birajdar et al. [36,37] as illuminated in 
Scheme 15. 

Waghmare et al. brought to light the alternative way to the reaction 
explored in Scheme 15, is by the condensation of OPDA with different 
aromatic aldehydes while using ferric hydrogensulphate (FSH) as an 
oxidative catalyst (Scheme 16). The reaction rate is accelerated by the 
electron withdrawing groups on benzaldehyde, where as electron 
donating groups slow down the process. In making this reaction a green 
approach, water can be used as solvent but it decreases the yield 
[26,38]. 

The comparative (%) yields of substituted benzimidazoles presented 
in Scheme 16 employing different solvents like water and ethanol 
substituting R2 on the aldehyde given in Table 1. It helps to opt for a 
particular solvent comparing the yield of product. 

Fig. 6. Examples of Significant benzimidazole nucleus drugs [18] (Image reproduced with permission).  
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Mobinikhaledi et al. designed and prepared a series of 2-aryl benz
imidazole by reacting OPDA with different aromatic aldehydes along 
with sodium-hexafluroaluminate [Na3AlF6] as a catalyst at 50 ◦C. If the 
aliphatic aldehydes are used instead of aromatic aldehydes in the 

reaction, product is obtained in trace amount. This efficient environ
mentally benign method has numerous benefits like significant yield, 
mild reaction condition, easy workup and catalyst is easily available. 
The reaction is explicated as 2-aryl benzimidazoles have antibacterial 
activity (Scheme 17) [32,39]. 

The reaction involving OPDA with various substituted aromatic al
dehydes using Na3AlF6 in ethanol at 50 ◦C gives different yields (%) 
reported by Eren et al. discussed in the Table 2 [40]. The reaction time 
taken for Scheme 17 and the yield produced are studied relatively in 
Table 2. From the Table 2, the effect of substituting (-Ar = Aromatic 
nucleus/ ring) in the Scheme 17 on the reaction time taken and the yield 
produced. 

Kutschy et al. created a new, facile and efficient method for benz
imidazole synthesis by the oxidative cyclization of OPDA with variety of 
aldehydes using dioxanedibromide (Scheme 18) to give 2-subsituted- 
1H-benzo[d]imidazoles. Dioxanedibromide is a catalyst used in these 
reactions which is mild, stable, affordable and efficient catalyst [41]. In 
cold 1,4-dioxane, bromine is added while stirring to produce orange 
solid, which is then filtered followed by washing with 1,4-dioxane to get 
dioxanedibromide in pure form as demonstrated by Chaudhuri et al. 
[42]. 

The excellent yield for the Scheme 18 is obtained with 100 mol % of 
dioxanedibromide, the yield decreases with decreasing moles of dioxa
nedibromide. This method is versatile and applicable to substituted 
aldehyde substrates. This is the first reported method to synthesize 
benzimidazole using dioxanedibromide. The various effects of solvent 
were studied and found that acetonitrile is suitable for getting good yield 
in less time for Scheme 18 in which yield varies with the solvent as well 
as with the moles of dioxanedibromide, summarized by Birajdar et al. in 
the Table 3: [43]. 

Pardeshi et al. used a surfactant sodium dodecyl sulfate (SDS) as a 

Fig. 7. Various Synthetic pathways to benzimidazole [19] (Image reproduced with permission).  

Fig. 8. Structure of ortho di nitrogen compound.  

Scheme 3. Philip’s condensation.  

Scheme 4. One-pot synthesis of benzimidazole.  
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catalyst by the reaction of ortho-phenylenediamine and aryl aldehydes in 
aqueous medium, giving the good yield without any oxidizing agent. 
Scheme 19 reveals the reaction that sodium dodecyl sulphate added to 
the mixture of OPDA, various substituted aromatic aldehydes and water 
in a round bottom flask. This mixture is irradiated in an ultrasonic bath 
for appropriate time before its extraction with ethyl acetate. The syn
thesized compound was dried under vacuum and separated by using 
silica to get pure compound. By substituting various aromatic rings (Ar) 
in the aldehyde in Scheme 19, affects over the time taken by reaction 
with varying yield of the product noted in Table 4. The comparative 
yield of various products obtained by using substituted aromatic 

aldehydes and OPDA using SDS reported by Pardeshi et al., mentioned in 
Table 4: [44]. 

Chundawat et al. studied, on heating aldehydes under reflux with N- 
Tosyl-o-phenylenediamine for 1 h forms the unstable intermediate 
which is converted into a number of benzimidazole derivatives followed 
by hypervalent iodine C-H amidation. It involves the oxidative cycliza
tion promoted by iodine (I2) in addition to potassium carbonate (K2CO3) 
and dichloromethane (CH2Cl2). The process conferred in Scheme 20, is a 
straightforward and applicable to wide variety of substituted anilines 
and provides an efficient approach to benzimidazole derivatives [45]. 

Chakrabarty et al. explored a new way to synthesize benzimidazole 

Scheme 5. Synthesis of benzimidazole using NAP-ZnO catalyst [24].  

Scheme 6. Synthesis of benzimidazole using PPA or PPE.  

Scheme 7. Synthesis of benzimidazole using PPA/Xylene.  

Scheme 8. Synthesis of benzimidazole using mercapto acetic acid.  

Scheme 9. Synthesis of benzimidazole using microwave irradiation.  
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Scheme 10. Synthesis of benzimidazole using microwave irradiation.  

Scheme 11. Synthesis of benzimidazole using molecular oxygen.  

Scheme 12. Iodine catalyzed synthesis of benzimidazole [33].  

Scheme 13. Benzimidazole synthesis in one-pot using UHP and DMSO.  

Scheme 14. Synthesis of benzimidazole with Sodium metabisulfite adsorbed on silica gel in ethanol [35].  

Scheme 15. Synthesis of benzimidazole using air as oxidant.  
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using transition metal triflate like Sc(OTf)3 in the presence of oxidant 
like H2O2, resulting in an excellent yield of 2-arylbenzimidazole. The 
aromatic aldehydes react with OPDA independent of the substituent 
over it i.e., the nature of substituent over aryl ring like electron donating 
or withdrawing group does not make such a difference. But this reaction 
shown in Scheme 21 involves the formation of side product 1,2-disubsti
tuted benzimidazole along with 2-arylbenzimidazole. This can be 
overcome by diluting the aldehyde into ethyl alcohol and dropping it 
into the reaction mixture, yield of 2-arylbenzimidazole is improved, 
studied by Fan et al. With decreasing amount of H2O2, yield also de
creases [46,47]. 

Punniyamurthy et al. designed a route to substituted benzimidazole 
by the three-component reaction in one-pot by forming imine, which 
acts as chelate for metal atoms. If aromatic amine and aldehyde along 
with trimethylsilyl (TMS) -azide are reacted in the presence of copper as 
a catalyst and tert-butyl hydroperoxide (TBHP). An alternative path for 
this synthesis is to use copper (II) acetate as a catalyst with substituted 
aniline and various amines, sodium azide in TBHP refluxing at 80 ◦C. 
The reaction involvestrans-amination, ortho selective amination and 
then cyclization [48,49]. This method is applicable to the broad func
tional groups. The reaction is elaborated in Scheme 22. 

When aldehyde is treated with OPDA in the presence of atmospheric 
oxygen, substituted benzimidazole is formed. The various oxidizing 
agents employed may be H2O2-HCl, LaCl3 [50], FeBr3 [51], Ce(NO3)3 
[52], sulfamic acid [53], manganese dioxide [54] etc. For the benz
imidazole synthesis from aldehyde, OPDA is used and the reaction de
pends on the substituent and not on the substrate and steric factors. The 
reaction was studied for substrate scope and found that the substrates 
with electron withdrawing groups like chloro, bromo proceeds the re
action at faster rate as compared to that of electron donating groups like 
methyl. Also, the meta and para-substituted aldehydes give higher yield 
as compared to the ortho-substituted. This simple, efficient, inexpensive 
and green method to synthesize benzimidazole via oxidation, many 
synthetic pathways require anhydrous conditions reported by Gogoi et 
al. [55] This cyclization reaction is depicted in Scheme 23. 

In Scheme 23, by using LaCl3 as an oxidizing agent, the product yield 
varied when different solvent were used. The variation is depicted in 
Table 5. The highest yield was observed with acetonitrile (CH3CN) by 
varying aldehydes. Venkateswarlu et al. proved that LaCl3 (10 mol%) 

stands out as a novel as well as cost effective catalyst for benzimidazole 
synthesis [50]. Table 5 represents the yields for Scheme 23 using 
different solvents and LaCl3 as an oxidizing agent. 

Sankar et al. demonstrated that OPDA when treated with aliphatic or 
aromatic aldehydes in the presence of NH2-MIL-125 (Ti) MOFs (Mo
lecular Organic Frameworks) as a catalyst (synthesized by solvothermal 
method) in the presence of methanol and refluxed at 60 ◦C gives a very 
good yield of 2-aryl benzimidazole. MOFs are the heterogeneous cata
lysts which are porous, crystalline in nature having large surface area, 
flexibility, stability and organic/inorganic hybrid materials. It also re
duces the use of harmful chemicals. Kim et al. studied, NH2-MIL-125(Ti) 
MOF is such catalyst, in which Ti4+ sites in the Ti-oxocluster enhances 
the electrophilicity of the aldehyde increasing the rate of the reaction. It 
gives high yield in a very short time. The catalyst NH2-MIL-125(Ti) MOF 
can be removed and reused after the reaction is completed [56,57]. The 
reaction is presented in Scheme 24. 

Gioia et al. designed a green synthesis, in which OPDA in choline 
chloride (ChCl): urea deep eutectic solvent (DES) when added to 1 mol 
of benzaldehyde in equal proportions which is then stirred and heated to 
80 ◦C for 10 min gives 2-substituted benzimidazole (95 %) as a major 
product and 1,2-disubstituted benzimidazole derivative as a minor 
product. If the same reaction is employed using 2 mol of benzaldehyde, 
it yields 1,2-disubstituted benzimidazole (97 %) selectively. The 
advantage of DES is that it requires easy workup and no need to use any 
chromatographic or purification methods. The product can be separated 
with simple dilution of the reaction mixture by water and then extracted 
using ethyl acetate. By involving the use of reactive DES solvent, 
changing proportion of aldehyde, the product can be obtained selec
tively in excellent yield as delineated in Scheme 25 [58]. 

(Choline chloride (C5H14NO.Cl) is a quaternary ammonium salt 
with choline cation and chloride anion.). 

Kumara et al. designed the benzimidazole derivative synthesis 
through cross coupling reactions by using OPDA with alkyl or aryl al
dehydes and even containing heteroatoms in the presence of palladium 
[59] and copper-based catalyst, which results in a good yield, illustrated 
in Scheme 26. 

Scheme 16. Synthesis of benzimidazole using ferric hydrogensulphate (FSH) as oxidative catalyst.  

Table 1 
The percentage (%) yields of substituted benzimidazoles.  

Sr.No. R1 R2 Yield (%) in Water Yield (%) in Ethanol 

1 H H 93 95 
2 H 4-CH3- 90 90 
3 H 4-(CH3)2CH– 75 80 
4 H 4-CH3O- 90 91 
5 H 4-(CH3)2-N- 90 95  

Scheme 17. Synthesis of benzimidazole using Na3AlF6.  

Table 2 
The percentage (%) yields of substituted benzimidazoles using Na3AlF6.  

Product Ar Time 
(in h) 

Yield (%) 

1 C6H5 11 80 
2 4-CH3C6H4 9 81 
3 2-NO2C6H4 17 68 
4 3-NO2C6H4 13 72 
5 4-NO2C6H4 2 80 
6 4-BrC6H4 4 92 
7 2-HO, 5-BrC6H3 1 96 
8 3-OCH3C6H4 13 95  
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Jithendra K. et al. proposed the sustainable synthesis by using effi
cient catalysts like cobalt ferrite nanoparticles (Co@Fe2O4) and silica 
coated cobalt ferrite nanoparticles (SiO2/ Co@Fe2O4) for cross-coupling 
reactions of OPDA with various aldehydes results in benzimidazole de
rivatives (27a) and (27b) in good yield as depicted in Scheme 27 [60]. 
The different catalysts were used to investigate the formation of 1,2- 
disubstituted benzimidazole, such as an aqueous extract of pods of 
Acacia Concinna and presented in Scheme 28. This is a low-cost greener 
approach which helps to reduce the harmful effects of halogenated 
organic solvents. This surfactant medium is superior to condense OPDA 
with two equivalents of aldehyde providing 1,2-disubstituted benz
imidazole in high yield [61]. 

Scheme 19. Synthesis of benzimidazole using SDS.  

Table 4 
The percentage (%)yields of substituted benzimidazoles using SDS [44].  

Product R Ar Time (minutes) Yield (%) 

1 H Ph 15 90 
2 H 4-MeOC6H5 20 89 
3 H 4-Cl C6H5 35 85 
4 H 3-NO2C6H5 40 90 
5 H 3-Pyrydyl 15 92 
6 H 3-F C6H5 25 91 
7 H 3-Cl C6H5 40 92  

Scheme 20. Iodine promoted oxidative cyclization.  

Scheme 21. Cyclization of OPDA and aromatic aldehyde using Sc(OTf)3.  

Scheme 22. Three elements in one-pot approach.  

Scheme 18. Synthesis of benzimidazole using Dioxanedibromide.  

Table 3 
The % Yield of benzimidazoles using dioxanedibromide.  

Product Solvents Dioxnedibromidemole % Time 
(minutes) 

Yield (%) 

1 1,4- 
dioxane 

100 120 70 

2 THF 100 80 75 
3 Chloroform 100 90 63 
4 Ethanol 100 80 78 
5 Water 100 160 45 
6 Acetonitrile 0 160 20 
7 Acetonitrile 50 90 45 
8 Acetonitrile 100 35 87  
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Nasr-Esfahani et al. synthesized the benzimidazole derivatives by the 
condensations of OPDA with different aldehydes by using different 
transition metal nanoparticle catalysts like Si-CuO nanoparticle catalyst 
(CuOnp-SiO2 10 %) to give a very good yield (76–93 %), reaction pre
sented in Scheme 29. Also by using nanocatalyst Cu(II) 0.34 mol % (Cu 
(II)- TD@nSiO2, nanosilica triazine dendrimers) gives 88–97 % yield 
[62]. Kommula et al. synthesized 2-aryl benzimidazoles by using Fe (III)- 
Schiff base/SBA-15 as an effective catalyst in the presence of water re
sults to give (79–92 %) yield. It requires a short reaction time, aqueous 
medium and recyclable catalyst [63]. 

Table 5 
Comparative analysis of the solvent system with LaCl3 as an oxidizing agent 
[50].  

Sr.No. Solvent  Time (hrs) Yield (%) 

1 CH3CN  2.0 95 
2 CH3OH  4.0 80 
3 Dioxane  5.0 75 
4 THF  6.0 70 
5 Toluene  7.0 65 
6 DMF  5.0 6 
7 DCM  8.0 50  

Scheme 24. Synthesis of benzimidazole using MOFs.  

Scheme 25. Synthesis of benzimidazoles using active deep eutectic solvent cyclization.  

Scheme 26. Synthesis of benzimidazole using copper-based catalyst.  

Scheme 27. Synthesis of benzimidazole using SiO2/Co@Fe2O4 nanoparticles.  

Scheme 23. Cyclization using aldehyde with oxidizing agents.  

N.D. Mahurkar et al.                                                                                                                                                                                                                           



Results in Chemistry 6 (2023) 101139

11

3.1.3. : Through condensation with ketone 
The benzimidazole derivative can be synthesized by the condensa

tion of OPDA with various ketones. The condensation of OPDA with 
ketone gives 2-disubstituted benzimidazoline. The unsymmetrically 
substituted benzimidazoline is quite unstable and and gets decomposed 
to give a mixture of two different benzimidazole derivatives dependent 
on alkyl group which is being eliminated [64] as is explained in Scheme 
30. Nguyen et al. reported when aliphatic amine (1equivalent) is heated 
with OPDA at 130 to 150 ◦C in the presence of elemental sulfur (S8) (3 
equivalents) under solvent free as well as catalyst free reaction condition 
results to give excellent yield of 2-substituted benzimidazole. The re
actions involving sulfur show different reactivities and selectivities 
without catalyst at moderate temperature without metallic contami
nants. Under the optimized condition, various substituted aliphatic 
amines and substituted OPDA react to give corresponding benzimid
azoles in good yield [65] as depicted in Scheme 31. 

2-phenyl-5(or6)-methylbenzimidazole is synthesized when 3,4- dia
minotoluene is heated with acetophenone at 180 ◦C and the methyl 
group is discarded to give the stable product. This scheme has a number 

of limitations, takes a long time, forms by products and is difficult for 
workup. Hence other reactions with better conditions are studied [64]. 
The reaction is presented in Scheme 32. 

The benzimidazole derivative in a good yield can be synthesized by 
the reaction of OPDA with α-β unsaturated ketones both thermally or by 
using microwave irradiation [28]. The reaction is presented in Scheme 
33. 

3.1.4. From OPDA, alcohol and acid chloride 
Kumaraswamy et al. designed the photocatalytic synthesis of 2-aryl 

benzimidazole, from OPDA and alcohol by using cobalt-loaded TiO2 
(Co-TiO2)under solar light irradiation exhibits great performance by 
giving excellent yield [66]. This can be observed in Scheme 34. 

Heravi et al. synthesized 2-substituted benzimidazole, when OPDA 
reacts with acid chloride in the presence of dioxane, stirred for 30 min, 
zeolite is added as catalyst [67]. The mixture is heated to 100–102 ◦C for 
3 h. After cooling the mixture is filtered to collect the solid formed, 
which is dissolved in chloroform. This catalyst can be removed by simple 
filtration technique and the solution is washed with NaOH. The resultant 

Scheme 28. Synthesis of benzimidazole using surfactant catalyst.  

Scheme 29. Synthesis of different benzimidazole derivatives using Cu-based nanocatalyst.  

Scheme 30. Synthesis of benzimidazole by condensation of OPDA and ketone.  

Scheme 31. Synthesis of benzimidazole using elemental sulphur.  

Scheme 32. Synthesis of benzimidazole from OPDA derivative and acetophenone.  
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solid can be recrystallized from ethanol to give the product after the 
evaporation of solvent. The zeolite is a commercially available, reusable 
and inexpensive catalyst. This reaction presented in Scheme 35 has an 
easy work-up, one-pot reaction method proceeding in less time without 
isolating N-acyl phenylenediamine (mono substituted derivative). 

3.2. From o-nitroaniline 

Mohire et al. reported the synthesis of benzimidazole in one-pot over 
a mesocellular foam (MCF) along with bimetallic catalyst Cu-Ni@MCF is 
a clean and green process. This catalyst enables the active sites of metal 

for hydrogenation of o-nitroaniline to OPDA resulting in cyclization to 
form the benzimidazole as pictured in Fig. 9. The final product is ob
tained after 6 h at 180 ◦C and 800 rpm. The in-situ source of the 
hydrogen for hydrogenation and carbon dioxide for cyclization is 
generated by the solvent containing dimethylformamide (DMF) and 
water (2:1) [68]. 

Rasal et al. demonstrated the synthesis of benzimidazole from o- 
nitroaniline by using CuFe2O4 as a catalyst, in one-pot involves reduc
tion followed by cyclization. This method gives 100 % product in 12 h 
with 97.5 % selectivity. The mechanism is the same as that of the Cu- 
Ni@MCF catalyst. The hydrogen gas was produced by the thermal 

Scheme 33. Synthesis of benzimidazole from OPDA and α-β unsaturated ketones.  

Scheme 34. Synthesis of benzimidazole from OPDA and alcohol.  

Scheme 35. Synthesis of Benzimidazoles from Acid Chloride.  

Fig. 9. Synthesis of Benzimidazole by using Cu-Ni@MCF [68] (Image reproduced with permission).  
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decomposition of DMF in the presence of CuFe2O4. It reduces o-nitro
aniline to ortho-phenylenediamine and is cyclized by DMF as C-source in 
the presence of CuFe2O4 catalyst [69]. This economical method with 
great yield is explained in Scheme 36. 

The synthesis of benzimidazole by one pot reductive cyclo
condensation of o-nitroaniline and aldehyde using small amount of zinc 
(Zn) dust and sodium bisulphite (NaHSO3)in water medium at 100 ◦C, 
reported by Dasgupta et al. gives very good yield with easy workup, high 
atom economy and less time [70]. The reaction is presented in Scheme 
37. 

Shen et al. designed one pot condensation of 2-nitroaniline with 
various aldehyde (benzaldehyde) catalysed by nanocomposite of AgPd 
nanoparticle anchored on WO2(AgPd/WO2) in the presence of formic 
acid at 80 ◦C in dioxane for about 8 hr results to give more than 90 % 
yield of substituted benzimidazole. In the reaction explained in Scheme 
38, WO2 protects the Ag/Pd catalyst from poisoning. This reaction can 
be extended up to the synthesis of other benzene-fused heterocycles. 
This catalyst can be reused upto 5 rounds giving the yield up to 90 %. 
The AgPd/WO2 provides the method to synthesize benzene-fused het
erocyclic scaffold for pharmaceutical and functional polymer applica
tion [71]. 

Ermolenko et al. synthesized 2-substituted benzimidazole derivatives 
from o-nitro aryl amines, by reacting it with substituted benzyl alcohols 
or various benzyl amines, involving use of redox mediators like FeCl3 at 
140 ◦C by cyclization in single step. Due to its excellent yield this path 
has high commercial value. When 2-nitroaniline and benzylamine un
dergoes redox condensation by solvent free cobalt or iron catalyst, it 
gives 2-substituted benzimidazole. This method is applicable for the 

wide range of alkylamines as reducing components or 2-nitrobenzamide 
as oxidizing components if iron or cobalt are used as catalysts. The re
action noted in Scheme 39 is simple, straightforward, and economical 
carried out with readily available, non-toxic, inexpensive catalysts [72]. 

N-substituted benzimidazole derivative synthesis reported by Hanan 
et al. in one-pot can be carried out using aromatic 2-nitroanilie in the 
presence of 10 equivalents of iron powder, 10 equivalents of ammonium 
chloride (NH4Cl) and equimolar (1:1) solution of formic acid and 2- 
propanol undergoes reductive cyclization. It is heated at 80 ◦C for 
1–2 h. The solvent used 2-propanol can be substituted with 1-butanol 
and separated with simple filtration and aqueous extraction giving a 
very good yield. This reaction elaborated in Scheme 40 requires much 
optimized conditions using easily handled and inexpensive, non-toxic 
reagents having the flexibility of solvents and hence it is applicable for 
a broader range of organic synthesis [73]. The benzimidazole derivative 
can be synthesized from o-nitroaniline and phenylacetic acid by using 
Fe/S catalytic redox condensation. The reaction presented in Scheme 41 
results to give product in high yield without any by-product reported by 
Huynh et al. [29]. 

3.3. Miscellaneous 

The synthesis of benzimidazoles can be carried out by the annulation 
of aniline derivatives with dioxazolones using Ir(III) as a catalyst under 
redox-neutral conditions shown in Scheme 42. This reaction involves C- 
H activation-amidation followed by the cyclization. This reaction 

Scheme 36. Synthesis of benzimidazole using CuFe2O4.  

Scheme 37. Synthesis of benzimidazole using Zn dust and NaHSO3.  

Scheme 38. One pot Condensation using AgPd/WO2.  

Scheme 39. Synthesis of benzimidazole using CoBr2 or FeCl3catalyst.  

Scheme 40. One-pot conversion: o-nitroanilines into 2H-benzimidazoles.  
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reported by Xia et al. can be carried out with readily available substrates, 
and a very small amount of catalyst is required. The by-products formed 
are only H2O and CO2 [74]. 

When 2-iodoaniline is treated with benzonitriles in the presence of 
potassium tertiary butoxide (KtBuO) as a base and N,N- 
dimethylacetamide (DMAc), the reaction mixture heated at 120 ◦C for 
24 h resulting 2-substituted benzimidazole as shown in Scheme 43. This 
method is transition metal free and one step intermolecular cyclization. 
2-iodoaniline reacts independently of the substituents over the ring, 
whether it is electron donating or withdrawing group. Butbenzonitrile 
with a methyl group at ortho position gives lower yield of the product as 
compared to that of meta or para position. Thus reactivity of benzoni
trile gets affected by steric effect studied by Xiang et al. [75]. 

1,2-disubstitutedbenzimidazoles can be obtained by the copper 
catalyzed amination of 2-iodoacetanilide and primary amines in the 
presence of L-proline and dimethyl sulfoxide (DMSO) as a solvent as 
presented in Scheme 44. Variation at 1st and 2nd positions of benz
imidazoles can be carried out if various primary amines are used by 
varying the amido groups of 2-haloanilides. Thus polysubstituted 
benzimidazoles can be obtained on a large scale as per the study by Zou 
et al. [76]. 

Trivedi et al. and Saha et al. reported when 2-aminobenzyl alcohol is 
treated with benzonitrile under microwave 100 W for 0.8 h., it forms an 

inseparable mixture of product. But if this reaction is performed by 
employing Lewis acids like ZnCl2, ZnI2, 2-substituted benzimidazole 
derivative is formed as shown in Scheme 45. The impact of ZnI2 is more 
effective. This involves C-N bond formation leading to medicinally 
important benzimidazole derivative requiring mild reaction conditions 
[77,78]. 

The comparative effect of Lewis acids noted in Scheme 45 can be 
studied from Table 6. 

Applications of benzimidazole 

In nature the heterocyclic compounds are distributed on a large 
scale, which are biogenic to living things. The nitrogen based 

Scheme 41. Synthesis of benzimidazole using Fe/S catalyst.  

Scheme 42. Iridium catalysed synthesis of Benzimidazole.  

Scheme 43. Cyclization reaction using DMAc.  

Scheme 44. CuI / L-Proline catalysed Synthesis of Benzimidazoles.  

Scheme 45. Synthesis of benzimidazole in presence of Lewis acid.  

Table 6 
The % Yields of Substituted Benzimidazoles using Lewis Acid.  

Product Lewis acid Time (Hrs) Yield (%) 

1 ZnI2  0.8 72 
2 ZnCl2  0.8 59 
3 CuI  0.8 25 
4 Cu(OAc)2  0.8 trace  
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benzimidazole: a heterocyclic organic moiety has distinguished appli
cations in the biological as well as industrial aspects. Due to its speedy 
applicability in the various fields, it is a privileged scaffold. This study is 
a practice to cast the light on the number of particulars focusing the 

synthesis and applications of benzimidazole derivatives in different 
sectors. The aim of this study is to summarize the multifaceted appli
cations of benzimidazoles as portrayed in Fig. 10. 

Fig. 10. The applications of benzimidazole in various fields [68] (Image reproduced with permission).  

Fig. 11. Various Biological Activities of Benzimidazole derivatives [83] (Image reproduced with permission).  
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4.1. Pharmaceutical applications 

In recent times, the applications of benzimidazole derivatives have 
been found very benevolent to the human kind. The organic chemists 
and medicinal researchers studied the pharmacological diversity [79] of 
benzimidazole derivatives standing out as a good drug applicant against 
various diseases, making it a primary focus for synthetic organic 
chemistry. The benzimidazole derivatives were wildly used for the 
treatment of the various biological infections like antiviral, antifungal, 
anti-HIV, anticancer, antimicrobial, anti-inflammatory, analgesic, anti
allergic, antioxidant, antidiabetic, anti-malarial [80] etc. as picturized in 
Fig. 11. This made it outstanding due to its versatility [81] and became 
the centre of attraction for the medicinal [82] and organic chemists. 

4.1.1. Antiviral activity 
The application of imidazoles and their substituted compounds used 

for viruses like human immunodeficiency virus (HIV) [84], human 
herpes simplex virus, enterovirus, respiratory syncytial virus (RSV), 
bovine viral diarrhea (BVDV), human cytomegalovirus (HCMV), and 
hepatitis B and C virus, Influenza virus etc. [85] Clercq and Naesens 
reported the non-nucleoside analogues 2-bromo-5,6-dichlorobenzimida
zole (12a) and 1-(b-L-ribo-furanosyl)-2-isopropyl amino-5,6- 
dichlorobenzimidazole (12b) showing a good anti-viral activity 
[86,87]. Hepatitis B virus is responsible for chronic and acute hepatitis. 
Li et al. reported N-(2-amino-1-(propane-2-sulfonyl)-1H-benzo[d]- 
imidazol-6-yl)-2,6-difluoro-benzamide (12c) found to be the most 
potent antiviral agent against hepatitis B virus [74]. The o-substituted 
amine (12d)found to show potent anti-HIV activity than para and meta 
substituted derivative [88,89]. Tremblay et al. reported compound (12e) 
and (12f) also shows anti-HIV activity [90]. The structures of antiviral 
agents are presented in Fig. 12 (12a-f). 

4.1.2. Antimicrobial activity 
The various diseases like pneumonia, malaria, dysentery, cough, 

cold, typhoid, tuberculosis [91] etc are caused by the various pathogenic 
microorganisms. The benzimidazole nucleus possesses antimicrobial 
activity. The active benzimidazole derivatives are tested for their in vitro 
antimicrobial activity against Gram + ve bacteria (Billuspumillus, 
Staphylococcus aureus) [92,93] as well as Gram –ve bacteria (Escherichia 
coli, Pseudomonas aeruginosa.) [94] For ex: azetidine-2-one, 2-thiohalo
genonitrophenyl benzimidazole etc. Yusuf et al. designed the benz
imidazoles derivative (13a) [95] showing good antimicrobial activity 
and benzimidazole derived chalcones derivatives (13b) showing anti
bacterial activity against gram-positive and gram-negative bacteria. 
Zhang et al. synthesized the 5(6)-bromo-1- [(phenyl)sulfonyl]-2-[(4- 
nitrophenoxy)methyl]-1H-benzimidazoles (13c) showed good antimi
crobial activity against Micrococcus luteus, Bacillus subtilis, S. aureus 
[89,96,97]. The different antimicrobial agents reported by Ansari et al. 
(13d) [94] active against Escherichia coli, Klebsiella pneumoniae and 
Mycobacterium fortuitum, Mycobacterium smegmatis strains, (13e) by 
Arora et al. [98] and (13f) [99] against Strains of S. aureus and 
S. epidermidi showing a very potent activity when tested. The structures 
of some benzimidazole based antimicrobial agents are illustrated in 
Fig. 13 with the various Fig. 13a-f. 

4.1.3. Antidiabetic activity 
The chronic endocrinological condition in which body stops to make 

sufficient insulin results in high blood level of glucose is known as dia
betes mellitus. The benzimidazole derivatives used as antidiabetic 
agents like Pimobendum shown good results. Hosmani et al. synthesized 
novel 2- thiosubstituted benzimidazole derivatives 14a and 14b showing 
good antidiabetic activity [100]. The derivatives 14c-d and 14e-f re
ported by Velazquez et al. showed good results when studied for anti
diabetic activity [101]. Minoura et al. reported 14 g benzimidazole 
derivative as insulin sensitizer and screening proved its good 

Fig. 12. Benzimidazole derivatives as antiviral drugs.  
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Fig. 13. Benzimidazole derivatives used as antimicrobial agents.  

Fig. 14. Benzimidazole derivatives as antidiabetic drugs.  
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antidiabetic results [102]. These derivatives 14a-g are elaborated in 
Fig. 14. 

4.1.4. Anticancer activity 
As cancer is the most leading health hazard shaking the lives of 

people worldwide, thus increasing need for novel anticancer agents, 
benzimidazole based drugs came in focus due to high toxicity to tumor 
cells, for lung cancer, ovarian cancer, breast cancer, colorectal cancer, 
brain cancer, leukemia, melanoma cancer etc [29,103,104]. The previ
ously used anticancer drugs found to be toxic to the tumor cells along 
with normal cells, resulting into increased toxicity and side effects. Zhe 
Wanga et al. reported a series of chrysin benzimidazole derivatives 
against tumor growth. The compounds were shown in Fig. 15(15a-b) 
and found to be the most potent activity against tumour [105]. The 
conjugated naphthyl fused benzimidazolequinone 15c were reoprted the 
highest inhibition towards cancer cell line and least in normal cells 
[106]. Abonia et al. reported the compounds 15d-e which inhibited 60 
distinct cancer cell lines in human [107]. The benzimidzole based de
rivatives 15f-h reported by Mavrora et al. studied for cytotoxicity against 

two cancer cell lines viz. human colorectal and breast cancer cell lines, it 
resulted to find out 60f-h are very potent versus human colorectal cell 
lines [108]. The benzimidazole derivatives reported by Husain et al. 15i- 
j-k showed good to remarkable anticancer activity against lung cancer 
cell lines [109]. Alkahtani et al. synthesized and studied 15 l-n benz
imidazole derivatives having ability to induce cancer cell apoptosis 
[110]. The benzimidazole derivative 15o reported by Kumar et al. [111], 
The styryl sulfone compound 15p reported by Vedula et al. has shown 
51 % tumor growth inhibition. The benzimidazole-based compound 15q 
[112] synthesized by Singh et al., pyrazole-benzimidazole derivative 15r 
reported by Zheng et al. are designed, synthesized, screened against 
cancer cell lines. It was shown as potent to inhibit cancer growth [113]. 
The structures of anti-cancer derivatives are presented in Fig. 15. 

Benzimidazole analogues exhibits a broad spectrum of bioactivities 
and hence it can easily mimic the nucleotides interrupting biological 
processes in the cancer leading to stop multiple cellular processes at a 
time, these molecules offer excellent prospects for developing of new 
medicines for cancer [114]. All the data studying the roles of benz
imidazole derivatives to target cancer accepts positively the application 

Fig. 15. Anti-cancer derivative.  
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of benzimidazole scaffold to level up from conventional to accurate 
medicine [115,116] clinical trials continue, ushering in a new era of 
precision medicine. 

4.1.5. Antifungal activity 
The fungal pathogens like Candida albicans, Aspergillus fumigates, 

Cryptococcus neoformans cause human death. The benzimidazole based 
antifungal agents are used to treat superficial as well as systemic fungal 
infection. A series of 2-(1Hbenzimidazol-2-yl)-5-(diethylamino)phenol 
have been evaluated for antifungal activity [117,118] and the benz
imidazole derivatives are given in Fig. 16 (16a-c). The positional isomers 

of 1- alkyl-2-trifluoromethyl-5 or 6-substituted benzimidazoles 16d-e 
derivatives reported by Sathaiah et al. found to have promising anti
fungal activity towards gram positive and gram negative bacterias 
[119]. The benzimidazole-based derivatives 16f-g designed and syn
thesized, Kawasaki et al. found them potent and growth inhibitor against 
Candida albicans in vitro [120]. The various benzimidazole-based anti
fungal agents 16a-g are mentioned in Fig. 16. 

4.1.6. Anti-oxidant activity 
Antioxidants are the therapeutic agents which are used for treating a 

number of diseases. The aerobic microorganisms generate free radicals 

Fig. 16. Benzimidazole derivatives as antifungal agents.  

Fig. 17. Benzimidazole derivatives as antioxidants.  
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due to the oxidative life process. The free radicals are called reactive 
oxygen species (ROS) which are toxic which causes a large number of 
lethal effects like death, dysfunctioning of cells or malignant trans
formation due to lack of reduction of oxygen. It results in protein, DNA 
or lipid damage may even cause genetic mutation, may cause cancer, 
cardiovascular diseases, diabetes etc. The antioxidants are in practice to 
bring down the deleterious effects of free radicals and also lessening 
oxidative stress. A series 4-carboxyamidobenzimidazoles synthesized 
presented in Fig. 17, are found to be very effective. The compound 17a 
containing six-membered, sterically hindered amine shows a great 
antioxidant activity [121]. The compounds 17b-d and 17e-g are found to 
be most potent when screened for antioxidant activity [122]. 17 h-k 
showed very good scavenging behavior as antioxidant activity when 
tested [123,124]. 

The various pharmaceutically employed benzimidazole drugs are 
depicted in Fig. 18, Fig. 19 and Fig. 20. 

Collectively, Figs. 18, 19, and 20 present an array of pharmaceuti
cally designed drugs based on benzimidazole, each tailored for specific 
clinical applications across various domains. These figures serve as a 
comprehensive resource for the examination of numerous benzimid
azole analogues, showcasing the remarkable diversity inherent in the 
benzimidazole scaffold, thus facilitating an in-depth exploration of this 
versatile class of compounds in drug development and therapeutic 
innovation. 

4.2. Material science 

Benzimidazole derivatives are known for their biological activities 

and therapeutic uses. Also, this heteroatomic nucleus has a large number 
of applications in material science. For organic and inorganic polymers 
preparation, liquid crystals, to develop organic light emitting diodes 
(OLED) and the materials having optical and electronic properties, 
benzimidazole derivatives are used. As the benzimidazole have electron 
accepting ability, π-bridging, metal-ion chelating properties makes it a 
multifunctional nucleus and hence is used to design and develop smart 
molecular sensors, optical chemical sensors, nano materials etc [127]. 
Benzimidazole based polymers have exceptional properties like excel
lent mechanical properties, high thermal stability, good electrical con
ductivity which makes it able to be used for electrochemical devices, 
high performance fibers and gas separation membranes. Poly
benzimidazole(PBI) has excellent durability at 200 ◦C and poly[2,2′-(m- 
phenylene)-5,5′-bibenzimidazole] shows high proton conductivity, su
perb oxidative and thermal stability with great mechanical strength 
[128–130]. Benzimidazole represents the crucial multifunctional 
building block in the field of optical chemical sensor due to its crucial 
role which maintains the system function and also counts for the lead 
role in analytical signal formation. The benzimidazole-based materials 
used for optical sensing are exhibited as sol–gel, gels matrices, polymer 
and silica nanoparticles, thin layer chromatography (TLC) or paper- 
based strips, nanoaggregates. Till date optical sensors viz. paper-based 
were used for the neutral molecules, cations or anions. But, now de
rivatives of benzimidazole can be used as the optical chemical sensors 
for the same. By preparing sensing material using pyrene-substituted 
benzimidazole-isoquinolinones can discover trinitrotoluene (TNT) in 
the aqueous medium, and can be observed with the naked eye. Benz
imidazole is also used as an optical sensor for amine/acid vapours with 

Fig. 18. Various pharmaceutical drugs derived from benzimidazole [58] (Image reproduced with permission).  
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three carbazole-based benzimidazole derivatives present in the solid 
state, performed with TLC plates. These plates when immersed with 
benzimidazole-based dye and gave exposure to trifluoroacetic acid 
(TFA) vapours for one minute, and then treated with triethyl amine 
vapours, it was found that colour was restored and is illustrated in 
Fig. 21 [131,132]. 

Along with the applications of benzimidazole-based derivatives as 
optical sensing, paper-based materials, they are also treated as the smart 
and stimuli responsive material having high potential application in 
security, fluorescent imaging. Aggregation induced emitters is the 
analytical tool used in optoelectronics, chemosensors and bioimaging 
[133]. The benzimidazole based fluorophores can emit intense fluores
cence in the aggregated form and hence used as novel sensing materials 
[134]. In one study, self assembled nanoaggregates of the benzimidazole 
based acrylonitrile are presented as sensing system for pH which is based 
on the mechanism of aggregation, deaggregation and aggregation- 
induced emitters. 2-benzimidazolyl-substituted acrylonitrile dyes emit 
fluorescence emission in the green, red or cyan spectral region. Such 
novel benzimidazole-based aggregation induced emitters can detect 
pyrophosphate (PPi). The aggregation-induced emission of 

benzimidazole-based derivatives as well as detection of pyrophosphate 
(PPi) is depicted in Fig. 22. The benzimidazole scaffold has a key role in 
aggregation of structure and recognition of pyrophosphate [135]. 

The benzimidazole tethered perfluoropolymers (PF) or per
fluoromolecules are employed as ionomers in electrodes for utilization 
at high temperature. These synthesized perfluoropolymers have a flex
ible chain of both backbones along with side chains. It is suitable for 
electrode binder materials at high temperature and low humidity. They 
are used as proton conducting membrane and or as electrode ionomers 
[136]. 

4.3. Agriculture 

Benzimidazole and its derivatives have a number of applications in 
the field of agriculture [137]. Benzimidazole based compounds have a 
very good potential to control insects by disrupting their nervous system 
and inhibiting their feeding or mating and thus acts as a good insecti
cide. The benzimidazole based compounds are used to control the 
growth of the weeds in the fields. The benzimidazole compounds are 
also used to control nematodes, the microscopic worms damaging the 

Fig. 19. Various designed benzimidazole based derivatives [125] (Image reproduced with permission).  
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Fig. 20. Various examples of benzimidazole based drugs in clinical use [126] (Image reproduced with permission).  

Fig. 21. TLC plates immersed in carbazole benzimidazole-based dyes observed under the UV light before (a) and after (b) exposure to trifluoroacetic acid vapours 
[132] (Image reproduced with permission). 
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crops such as Mebendazole, Flubendazole etc. The benzimidazole com
pounds are very well known for their use as fungicides under broad 
spectrum due to a very high potency with minimum use and its ability to 
maintain and protect the new growth of the crop. The fruits, vegetables, 
cereals are prevented from the fungal cells. The fungicides prevent their 
growth by disturbing cellular metabolism and cell division. For ex: 
Thiabendazole, thiopanate-methyl, benomyl (23a), carbendazim (23b), 
thiabendazole (23c), fuberidazole(23d) etc shown in Fig. 23. These de
rivatives show antifungal activity over a very wide range of diseases, 
involving most ascomycetes, some deuteromycetes and basidiomycetes. 
The main economic pathogens which are controlled involve Cerco
spora spp., Botrytis cinera, Fusarium spp., Colletochrichum spp. powdery 
mildews in a number of crops, including eyespot in cereals as well as 
Erysiphe spp., Oidium spp. The benzimidazole fungicides acts as 
β-tubulin potent inhibitor in many species of fungi [138,139]. 

4.4. Coordination chemistry 

In Coordination Chemistry, benzimidazole is extensively used as 
ligand as it forms the stable complexes with transition metal ions and is 
employed as catalysts in organic transformations. The benzimidazole- 
based ionic liquids (BILs) are providing a fresh outlook by evolving 
ecofriendly basic catalyst consisting of transition as well as non- 
transition metals as they have flexible, noncorrosive, nonvolatile na
ture and gets immiscible with most of the organic solvents. The BILs are 
used in several named-chemical reactions such as benzoin reaction, 

aldol condensation, etherification, Heck cross coupling, Suzuki, Suzuki- 
Miyaura reaction and also as electrocatalyst in solar cell, anion sensor, 
proton conduction etc [140] The ruthenium complex containing benz
imidazole and triphenylphosphine have application in the non-linear 
optical power limiting studies and catalytic oxidation (alcohol to alde
hyde conversion) under solvent free conditions [141]. A series of coor
dinated compounds containing zinc metal, which is considered as the 
health element and benzimidazole-the bioactive ligand. Its screening for 
anticancer activity proved that by converting ligands into respective 
metal complex, enhances its cytotoxicity- anticancer activity [142–144]. 
Cu(II) complexes coordinated with benzimidazole-derived bidentate 
chelating ligands when studied, (4,5-dihydro-1H-imidazol-2-yl)-5-nitro- 
1H-benzimidazole CuCl2 complex shown in Fig. 24 reported as the most 
cytotoxic to inhibit the growth of cancer cells [145]. 

Fig. 22. Aggregation-induced emission of benzimidazole-based derivatives and detection of pyrophosphate (PPi) [55] (Image reproduced with permission).  

Fig. 23. Benzimidazole derivatives as antifungal agents.  

Fig. 24. Copper (II) complex coordinated with bidentate chelating 2- 
substituted benzimidazole ligand showing anticancer activity. 
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The carbon-di-oxide (CO2) gas is a greenhouse environmental 
pollutant. It can be reused due to its potential to be used as a building 
block for the chemical industry as it has very attractive utilities. CO2 
capture techniques which are currently used are quite expensive and 
energetically not affordable. Thus, advanced porous coordination 
polymers (PCPs) found to have great potential as CO2 absorbers. The 
benzimidazole based coordination polymers are interpenetrating, flex
ible, rigid and effortlessly influences cavity pore size and other supra
molecular interactions among the pores. The CO2 sorption is also 
favored by the electronic environment of the benzimidazole scaffold by 
the functionalized pores with coordinated unsaturated metal ions. It 
shows high uptake of CO2 due to its aromatic groups with π-π in
teractions by transferring the net charge from aromatic scaffold to CO2 
molecule [146]. 

5. Conclusion and future perspective 

Benzimidazole is a very important nitrogen-containing heterocyclic 
scaffold having an auspicious place in biological activities and hence a 
very wide range of pharmaceutical applications. It is a significant and 
versatile scaffold in organic and medicinal chemistry. It can be synthe
sized by various synthetic approaches by using different starting mate
rials and different reagents/ catalysts by using a number of solvents or 
even under solvent free conditions. All the synthesized derivatives of 
benzimidazole are biologically active showing diverse applications in 
pharmaceuticals in addition to the industrial applications. This review is 
an effort to study and compile the several synthetic approaches to 
benzimidazoles and its derivatives, applicable for large scale synthesis 
along with their various applications in a simple manner. In the future, 
there is lot of scope for this multifunctional scaffold due to a large 
number of molecular targets, the futuristic research to investigate 
benzimidazole scaffold will provide the cheering results in the medicinal 
field to combat life-threatening diseases. This study will help to design 
the better benzimidazole scaffold with enriching and biogenic activities 
leading to high specificity, developing the synthetic approaches. This 
proves that benzimidazole is a lead compound in drug discovery. This 
study will help to link the modernized concepts to develop more po
tential by offering the chemical space to build the versatile benzimid
azole scaffold in future drug discoveries and commercial utilities. 
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 Abstract: 

 Zinc oxide nanostructures were synthesized by chemical route method. The XRD spectrum indicates 
that the sample is wurtezite (hexagonal) structured ZnO with lattice constants of a = 3.249A0, c = 5.206 A0. The 
crystallinity and structure of these ZnO nanostructures were studied by X-ray diffraction. The morphologies of 
these synthesized nanostructures were analyzed by transmission electron microscope. Effects of concentration of 
zinc nitrate during synthesis on the morphology and particle size of resultant product were investigated. 

Keywords: Chemical route method, Zinc oxide 

 

Introduction  

 Semiconductor nanostructures are a very important topic in the ongoing research activity across the 
world. As the semiconductor particles exhibit size dependent properties like scaling of the energy gas and 
corresponding change in the optical properties, they are considered as the front runners in the technologically 
important materials.  

 Zinc oxide is attracting tremendous attention due to its interesting properties like wide direct band gap 
of 3.37 eV at room temperatures and high exciton binding energy of 60 meV. Zinc oxide is promising materials 
for electronics or optoelectronics applications such as solar cells, gas sensors, liquid crystal displays, heat 
mirrors, surface acoustics wave devices etc [1-10].   

 A variety of techniques like spray pyrolysis, molecular beam epitaxy, chemical vapor deposition, 
hydrothermal method, pulsed laser deposition, sol-gel method, laser ablation [11-17] etc. have been widely used 
to synthesis ZnO nanostructures.   

 In the present study, ZnO nanostructures were synthesized by using chemical route method. The 
crystallinity and structure of these ZnO nanostructures were studied by X-ray diffraction. The morphologies of 
these synthesized nanostructures were analyzed by transmission electron microscope.  

Experimental  

 All chemicals were of analytical grade and were used as purchased without further purification.   

 In typical process, 2.974 g Zn (NO3)2·6H2O (Zinc nitrate hexahydrate) was dissolved in 100ml distilled 
water and 2.0 g of NaOH was dissolved in 100 ml distilled water. The zinc nitrate solution was added drop wise 
to the NaOH solution to form white solution. Then, white solution was subsequently kept at 750C For 12 hr. The 



Tuijin Jishu/Journal of Propulsion Technology 
ISSN: 1001-4055 
Vol. 44 No. 5 (2023)  

 
  

4836 
 

resulting white precipitates were collected, washed with distilled water and ethanol several times and then dried 
at 800C in vacuum oven for 2hr. Resultant product was treated as 0.1 M ZnO since during process 0.1M zinc 
nitrate solution was used.    

 Similar procedure were adopted to synthesized 0.05M ZnO, 0.15M ZnO and 0.2M ZnO by keeping 
concentration of zinc nitrate 0.05M, 0.15M and 0.2M respectively.  

Results and discussion  

1. X-ray diffraction 

 X-ray diffraction data for structural characterization of various products synthesized by chemical route 
method were collected on the Philips PW 1710 X-ray Diffractometer using Cu-Kα source. X-ray diffraction 
pattern of various synthesized products are helpful in studying the crystalline structure and determination of 
crystallite size.  

 Figure 1(a) to 1(d) shows XRD pattern of 0.05M ZnO, 0.1M ZnO, 0.15M ZnO and 0.2M ZnO 
respectively. The recorded XRD pattern of 0.05M ZnO confirmed that synthesized ZnO are highly crystalline in 
nature.  

 

Figure 1(a) powder XRD pattern of 0.05M ZnO 

 

Figure 1(b) powder XRD pattern of 0.1M ZnO 
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Figure 1(c) powder XRD pattern of 0.15M ZnO 

 

Figure 1(d) powder XRD pattern of 0.2M ZnO 

 The corresponding X-ray diffraction peak for (100), (002), (101) and (102) planes confirm the 
formation of hexagonal wurtzite structure of ZnO, which are in good agreement with the literature values 
(JCPDS card No. 36-1451).  In this XRD pattern, extra pick appear at 2θ = 440. This peak was identified as 
surface hydroxyl groups, which can be related to the formation of water on the ZnO nanostructure surface [18]. 
Also XRD pattern of the 0.1M ZnO, 0.15M ZnO and 0.2M ZnO shows parallel results.  

The table 1 shows the comparison of obtained XRD data with standard data (JCPDS card No. 36-1451). 

Sample 

Observed 
Standard 

(JCPDS card No. 36-1451) (h k l) 

Plane 
2θ 

‘d’ Values 

(A0) 
2θ 

‘d’ Values 

(A0) 

0.05M 
ZnO 

31.7008 2.82030 31.770 2.8143 (1 0 0) 

34.4878 2.59850 34.422 2.6033 (0 0 2) 

36.3819 2.46754 36.253 2.4759 (1 0 1) 

0.1M 
ZnO 

31.6854 2.8263 31.770 2.8143 (1 0 0) 

34.3774 2.60659 34.422 2.6033 (0 0 2) 
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36.2095 2.47880 36.253 2.4759 (1 0 1) 

0.15M 
ZnO 

31.7805 2.8134 31.770 2.8143 (1 0 0) 

34.4793 2.59912 34.422 2.6033 (0 0 2) 

36.3109 2.47210 36.253 2.4759 (1 0 1) 

0.2M 
ZnO 

31.7036 2.82006 31.770 2.8143 (1 0 0) 

34.3174 2.61101 34.422 2.6033 (0 0 2) 

36.1648 2.48176 36.253 2.4759 (1 0 1) 

 To extract more information on the crystallinity, the XRD data is exercised to determine the crystallite 
size. The full width at half maxima (FEHM) of the intense (101) peak was evaluated for all the ZnO 
nanostructures, by using Scherrer’s formula [19, 20].   

D = kλ/βsinθ 

Where λ is the wavelength of incident beam (1.5406 A0), β is the FWHM of the peak in radians, θ is the 

diffraction angle and k is Scherrer constant.  

 

Figure 2 variation of crystallite size with concentration of zinc nitrate 

Figure 2 shows the variation of crystallite size of synthesized ZnO with the concentration of Zinc nitrate during 
synthesis.  

The influence of the concentration of zinc nitrate on the particle size of product was the main subject of interest 
here. Figure 2 shows the variation of crystallite size of synthesized ZnO with its reactant concentration. It is 
seen that crystallite size decreases with concentration of zinc nitrate, conquer minimum value (17 nm) at 0.15M 
Concentration and for further higher concentration of zinc nitrate it increases. The increase in crystallite size 
with increasing concentration of zinc nitrate may be due to accumulation of ZnO nanoparticles to form 
crystallite of higher size. 

Transmission electron microscope  

 The morphology and particle size of ZnO samples synthesized by chemical route method were 
examined by using Techai G2 20 Ultra-Twin transmission electron microscope (Pune University, Pune).  For the 
TEM observation, the as-prepared samples were added into an alcohol solution and subjected to violent 
ultrasonic stirring for hours; subsequently, a drop of this solution was dipped on a copper grid used for the TEM 
observation.  
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Figure 3 TEM images of a) 0.05M ZnO, b) 0.1M ZnO, c) 0.15M ZnO, d) 0.2M ZnO 

 Figure 3 represent TEM images of the products obtained by chemical route method with different 
concentration of Zinc nitrate. Figure 3(a) shows the formation of nanoparticles featuring the occurrence of 
surrounding pyramids by using 0.05N zinc nitrate during synthesis. The formation of pyramid can be ascribed to 
the anisotropic growth of ZnO crystal. As the concentration of reactant increased to 0.1M, the nanoparticles of 
ZnO further coarsened (figure 3b). Further, increases in concentration of zinc nitrate to 0.15M, most of the 
pyramids get separated from the branched nanocrystals; formation of nanorods and nanoparticles takes places 
with average particle size of 15 to 25 nm. Figure 3(d) represent that further increasing the zinc nitrate 
concentration to 0.2M, formation of branched nanocrystals were observed.  

 Zinc oxide nanostructure growth mechanism   

 In chemical route method when zinc nitrate reacts with sodium hydroxide formation of Zn(OH)2 along 
with Zn(OH)4

2- takes place. The concentration of  Zn(OH)4
2- are kept constant in the reaction process because 

Zn(OH)2 is dissolved by the OH- produced by the decomposition of Zn(OH)4
2- according to following reactions, 

Zn(OH)2 + 2OH- → Zn(OH)4
2- 

Zn(OH)4
2-  → ZnO + H2O + 2OH- 

 The stable concentration of Zn(OH)4
2- may be important for controlling the growth rate of different 

crystal faces of ZnO. 

 Form the results of XRD it is clear that ZnO synthesized by chemical route method keeping 0.15M 
concentration of zinc nitrate yield the products with small crystallite size. Such products with small crystallite 
size and innovative morphology can be used as sensor elements. 

Conclusion 

 From the results obtained, following statements can be made for the synthesized ZnO nanostructures by 
hydrothermal and chemical route method. 

1. Zinc Oxide nanostructures synthesized by chemical route method show highly crystalline in nature 
with hexagonal wurtzite structure.  
2. When the concentration of zinc nitrate was kept 0.15M during reaction in chemical route method, 
resultant ZnO nanostructure produce with a lowest crystallite size 17nm among other products.  
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ABSTRACT 

The solid polymer electrolyte materials like PVC (Polyvinyl alcohol), PMMA (Polymethyl methacrylate) were mixed together in THF (Tetrahydrofuran) solvent. 

In this miscible solution dopant like KSCN (Potassium Thiocyanate) were added by using different mole ratio method. This mixture used for crafting Polyblends 

thin films using thermal evaporation method. This crafted thin films was characterized by using Ultra Violet (UV) Spectroscopy. UV characterization reveals 

measurement of the length of conjugation in unsaturated molecules of PMMA: PVC solid electrolytes Polyblends thin films and also all curves slightly shifted 

toward short wavelength with increasing concentration of PVA. 

Keyword: PMMA, PVA, KSCN, UV- Spectroscopy   

1. Introduction 

Generally, in conducting polymer conductivity due to ions; these type of polymer are classified in two type i.e. polymer electrolytes and polymer 

electronics. Polymer electrolytes have been found to have a great deal of advantages in replacing conventional liquid electrolytes. These advantages 

includes high specific energy, high energy density, leak proof, high ionic conductivity, wide electrochemical stability windows, light, solvent free 

condition and easy process ability [1].  

Large number of host polymer i.e. PMMA ( Polymethylmethacrylte), Polyethylene oxide ( PEO),  Polyvinylalcohol (PVA) etc. with different alkali and 

alkaline salt have been investigated in the past four decade. Out of these PMMA is synthetic polymer of methyl methacrylate. PMMA is most studied 

polymeric system. Poly (methyl methacrylate) (PMMA)-based electrolyte has a special significance because of its well-known chemistry and cheaper 

method of processing them as laminates. However, its low conductivity at room temperature due to the formation of crystalline precludes it from practical 

applications. [2] 

Polyvinyl alcohol (PVA) can be classified as amorphous or semi crystalline according to the internal structure [3].  Semi crystalline PVA can be 

synthesized via the creation of the both a carbon amorphous and crystalline areas [4]. Poly (vinyl alcohol) (PVA) is a semi crystalline polymer, studied 

extensively because of its many interesting physical properties, which arise from the presence of OH groups and the hydrogen bond formation [5]. 

2. Materials and Experimental 

2.1 Materials 

 All chemicals were of analytical grade. Poly (vinyl alcohol) and Poly (methylmethacrylte) were supplied by SIGMA –ALDRICH, Co., 3050 spruce 

street, St. Louis. MO 63103 USA 314-771-5765. Potassium Thiocyanate by (Sd fine- chem. Limited, Mumbai) and Tetrahydrofuran (THF-E-Merck India 

Ltd., Mumbai) is being used as a solvent for thin film crafting process. The thin films were prepared by using isothermal evaporation technique. 

2.2 Experimental  

Poly (vinyl alcohol) and Poly (methylmethacrylte) was dissolved in tetrahydrofuran (THF) separately once solution completely dissolve then these two 

solutions were mixed tighter.  

Thin films of PMMA–KSCN- PVA in different mole ratios were prepared by weight % method. The 70% weight of PMMA powder is added into PVA 

at room temperature .The appropriate weights of KSCN and mixed solution of PMMA- PVA , were dissolved in 20 ml THF (tetrahydrofuran) followed 

by the addition of plasticizer. Then blend solution perfectly spread horizontally levelled on the glass plate. Then solution was allowed to evaporate for 
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24 hour. After 24 hours, we observe the deposition of thin film on glass plate. Then dried sample to remove the trace from the glass plate. Then studied 

UV characterization of sample. 

3. Result and Discussion 

3.1 Ultra Violet (UV) Characterization 

The optical absorption (UV) spectrometric scan in 200 nm – 400 nm of pure PVA blend are shown in fig 1.1, 1.2, 1.3, 1.4. The observed spectra are 

characterized by a main absorption edge around 260 nm for all curves slightly shifted toward short wavelength with increasing concentration of PVA. 

Also PVA material can be used as material for light spectra in the visible region in contest to tradition crystalline materials. Moreover, it is possible to 

improve further the modified optical PVA photopolymer by the applications of an external electric field [6]. 

 

 

 

 

 

 

 

 

 

 

Figure: 1.1 UV Absorption Spectra of 0% wt PVA 

 

Figure: 1.2 UV Absorption Spectra of 47 % wt PVA. 
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Figure: 1.3 UV Absorption Spectra of 50 % wt PVA. 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1.4 UV Absorption Spectra of 53% wt PVA. 

4.  Conclusion: 

The complex formation in PMMA- KSCN-PVA system has been confirmed from UV studies. UV analysis showed that the intensity of shoulder around 

200 nm to 265 nm increases with increasing Concentrations of PVA. 
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Large number of host polymer i.e. PMMA ( Polymethylmethacrylte), Polyethylene oxide ( PEO),  Polyvinylalcohol (PVA) etc. with different alkali and 

alkaline salt have been investigated in the past four decade. Out of these PMMA is synthetic polymer of methyl methacrylate. PMMA is most studied 

polymeric system. Poly (methyl methacrylate) (PMMA)-based electrolyte has a special significance because of its well-known chemistry and cheaper 

method of processing them as laminates. However, its low conductivity at room temperature due to the formation of crystalline precludes it from practical 

applications. [2] 

Polyvinyl alcohol (PVA) can be classified as amorphous or semi crystalline according to the internal structure [3].  Semi crystalline PVA can be 

synthesized via the creation of the both a carbon amorphous and crystalline areas [4]. Poly (vinyl alcohol) (PVA) is a semi crystalline polymer, studied 

extensively because of its many interesting physical properties, which arise from the presence of OH groups and the hydrogen bond formation [5]. 

2. Materials and Experimental 

2.1 Materials 

 All chemicals were of analytical grade. Poly (vinyl alcohol) and Poly (methylmethacrylte) were supplied by SIGMA –ALDRICH, Co., 3050 spruce 

street, St. Louis. MO 63103 USA 314-771-5765. Potassium Thiocyanate by (Sd fine- chem. Limited, Mumbai) and Tetrahydrofuran (THF-E-Merck India 

Ltd., Mumbai) is being used as a solvent for thin film crafting process. The thin films were prepared by using isothermal evaporation technique. 

2.2 Experimental  

Poly (vinyl alcohol) and Poly (methylmethacrylte) was dissolved in tetrahydrofuran (THF) separately once solution completely dissolve then these two 

solutions were mixed tighter.  

Thin films of PMMA–KSCN- PVA in different mole ratios were prepared by weight % method. The 70% weight of PMMA powder is added into PVA 

at room temperature .The appropriate weights of KSCN and mixed solution of PMMA- PVA , were dissolved in 20 ml THF (tetrahydrofuran) followed 

by the addition of plasticizer. Then blend solution perfectly spread horizontally levelled on the glass plate. Then solution was allowed to evaporate for 

http://www.ijrpr.com/


International Journal of Research Publication and Reviews, Vol 4, no 10, pp 2924-2926 October 2023                                     2925
 

 

24 hour. After 24 hours, we observe the deposition of thin film on glass plate. Then dried sample to remove the trace from the glass plate. Then studied 

UV characterization of sample. 
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Figure: 1.1 UV Absorption Spectra of 0% wt PVA 

 

Figure: 1.2 UV Absorption Spectra of 47 % wt PVA. 
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Figure: 1.3 UV Absorption Spectra of 50 % wt PVA. 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1.4 UV Absorption Spectra of 53% wt PVA. 

4.  Conclusion: 

The complex formation in PMMA- KSCN-PVA system has been confirmed from UV studies. UV analysis showed that the intensity of shoulder around 

200 nm to 265 nm increases with increasing Concentrations of PVA. 
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A B S T R A C T 

Devolvement’s of Science in 20th century make human life pleased with prospective Health. Innovation of “Nano” Science change structure of many materials from 

micro size to nano size that inspires scientist’s community to manipulate many materials into nano size (bio medicine) which gives remedies for improvable diseases 

and chronic diseases. In commercial approach because of nano science cost of many medicines become low which improve the common man wealth ultimately 

subsequent in nation prosperity. This satisfies the catch phrase ‘Health is Wealth’. 

Keywords: Science; Nanotechnology; Nanomaterials; Healthcare. 

1. Introduction 

Technological innovations such as Science aim to enrich human life. However, nanotechnology presents a unique technical challenge in that a disparity 

of nine orders of magnitude separates the length scales of a human (a meter) and a nanometer. Ultimately, this goal needs to be achieved through the 

development of a definitive pathway that fuses existing technology with future technology to link the nanoscale with human life. Taking advantage of 

those interesting properties of nanoscale particles will require the successful manipulation of their position and properties. For example, a self-assembling 

biological system could be employed in a bottom-up fabrication scheme. The fusion of biology with nanotechnology will not only result in technological 

innovation but will also encourage future research into natural biological nano systems. 

Once an academic curiosity, nanotechnology has sweeping implications for many electronic, optical, magnetic, catalytic, and medical-therapeutic 

applications. Nanomaterials are being used to produce composite materials with improved electro conductivity and catalytic activity, hardness, scratch 

resistance, and self-cleaning capabilities. They are being exploited to improve the performance of gas sensors and other devices, the way drugs reach 

targets in the human body, and the aesthetic appeal and efficiency of consumer products. 

In this review the necessary strategies for realizing the ultimate goal of nanotechnology to benefit the human condition. Fundamental studies in the nano 

sciences have provided the building blocks on which nanotechnology will drive the creation of novel devices with applications in energetic, electronics, 

materials, medicine, and beyond. These systems will address the differences between being integration or fusion-based by possessing embedded 

intelligence through a series of nanoscale sensors and actuators. Nanotechnology achievement of this magnitude would serve dual roles. First, 

nanotechnology would be cemented as the visionary industry for the next millennium. Second, the true benefits for humankind enabled by the maturation 

of this technology will have been realized. The example of coordinated smart dust activity provides a promising demonstration of basic emergent behavior.  

The extreme surface-to-volume ratio of nanoparticles is a key attribute that accounts for their range of superior performance characteristics. As the 

functional advantages of ultra-small particles continue to be deciphered, and processes are perfected to make and manipulate then, there seems to be no 

limit to what nano-materials can do.  

2. Role of Nano Science Technology in Health Care Area 

Nanotechnology in Life care  

Nanotechnology offers new solutions for the transformation of bio systems  and provides a broad technological platform for applications in industry; such 

applications include bio-processing, molecular medicine (detection and treatment of illnesses, body part replacement, regenerative medicine, nanoscale 

surgery, synthesis and targeted delivery of drugs), environmental improvement (mitigation of pollution and ecotoxicology), improving food and 

agricultural systems (enhancing agricultural output, new food products, food conservation), and improving human performance (enhancing sensorial 

capacity, connecting brain and mind, integrating neural systems with nano electronics and nano-structured materials). Nanotechnology will also serve as 
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a technological platform for new developments in biotechnology; for example, biochips, “green” manufacturing (bio compatibility and bio complexity 

aspects), sensors for astronauts and soldiers, bio fluidics for handling DNA and other molecules, in vitro fertilization for livestock, nano filtration, bio-

processing by design, and traceability of genetically modified foods [1]. 

 

 

 

 

 

 

 

 

 

Figure 1: Health Care 

2.1. Nanoparticles for Drug Delivery 

Nanoparticle-based delivery vehicles improve drug efficacy by modulating drug, kinetics and bio distribution. Small-molecule drugs are rapidly 

eliminated from the circulation by the kidneys. Injectable nanoparticle delivery vehicles, typically ranging from 5nm to 200nm in size, substantially 

increase circulation (particles >5nm avoid kidney clearance) while minimizing removal by cells that police the blood for foreign particles (macrophages 

have less propensity for particles <200nm in size). Oral delivery is currently the most preferred method of drug administration because of its cost 

effectiveness and ease of use. 

The market for oral drug-delivery systems has been growing at a rate of 8.6 percent per year since 2000. A major area of research in oral delivery is in 

delivery materials for protein drugs. Because particle permeability across the intestinal wall is inversely proportional to size, nanoparticles used for oral 

delivery offer obvious advantages. The interest in nanoparticle-based drug delivery for other administration routes is also growing. The following sections 

focus on polymer, lipid, and inorganic or metallic nanoparticles that are <500nm in size. For example, a cyclodextrin-based polymer developed at Insert 

Therapeutics increases the solubility of camptothecin, an insoluble chemotherapy drug, by three orders of magnitude.[2] 

2.2. Inorganic and Metallic Nanoparticles 

Delivery of drugs using new inorganic and metallic nano-sized vector is still in the proof-of-concept of stage. One unique approach originates from C-

60, a soccer ball shaped fullerene [2].Another interesting approach is to use magnetic nanoparticles to carry chemotherapeutic drugs to cancer sites 

directed by an external magnetic field. 

 

 

 

 

 

 

 

 

Figure 2: Inorganic and Metallic Nanoparticles as Drug Deliver 

Very recently, other metal nanoparticles have been investigated as therapeutics and drug-delivery systems. An example from Dr. Naomi Halas's research 

group (Rice University) is the nano shell, a new type of nanoparticle composed of a dielectric silica core coated with an ultrathin gold layer [3]. Once the 

nano shells penetrate tumor tissues, they can be activated for thermal therapy by taking advantage of their ability to convert absorbed energy from the 

near-infrared region to heat. 
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2.3. Nano-porous Membranes 

 

 

 

 

 

 

 

Figure 3: Solid silicon micro needles with heights ~150nm can be applied painlessly to enhance trans dermal drug delivery. 

Nano-porous membranes are micro fabricated with well-defined pores (diameters in the tens of nanometers). The membranes can be used to deliver 

small-molecule, peptide, or protein drugs figure 3. One application under investigation involves encapsulation of pancreatic islet cells for insulin delivery. 

The reproducible and uniform pore size precisely controls the material exchange across nano-porous membranes: Nutrients for the cells and secreted 

insulin can pass through the pores, but proteins and cells from the immune system that may attack the implanted islet cells are restricted from entering 

the bio-capsules due to their size. 

A pilot human trial revealed that the micro needle arrays are indeed applied painlessly [4]. Trans dermal micro needle delivery was quickly adopted by 

the pharmaceutical and drug-delivery industries; several companies are currently developing this technology for trans dermal drug administration. As this 

technology matures, it has the potential to quickly surpass the market currently occupied by traditional patch formulations. 

2.4. Automated diagnosis 

Medicine has already become accustomed to depending on heavy computations in the various topographies that are now routine in large hospitals. 

Diagnosis is essentially a problem of pattern recognition: an object (in this case, the disease) must be inferred from a collection of features. Although 

there have already been attempts to ease the work of the physician by encapsulating his or her knowledge in an expert system that makes use of the 

physician’s regular observations, significant progress is anticipated when measurements from numerous implanted biosensors are input to the inference 

engine. This is an example of indirect nanotechnology: the practical feasibility depends on the availability of extremely powerful processors, based on 

chips having the very high degree of integration enabled by nanoscale components on the chips [5]. 

2.4. Biomedical devices 

 

 

 

 

 

 

Figure 4: Biomedical devices 

The flagship nano-medical system (rather than device) is the “nano-bot”, an autonomous robot envisaged to be about the size of a bacterium (i.e., about 

one micrometer in diameter), and containing many nano devices (an energy source, a means of propulsion, an information processor, environmental 

sensors, and so forth). When engineering such devices it is important to note the environment in which they must operate: viscous (highly dissipative), 

dominated by friction and fluctuations (Brownian motion), and in which inertia plays a negligible role. This is in contrast to the familiar macroscopic 

mechanisms that follow Newton’s laws: for the nano-bot, force is not given by the product of mass and acceleration, but by the product of the coefficient 

of friction and its velocity, together with superimposed random fluctuations. Any self-propelling nano-bot are therefore likely to resemble a motile 

bacterium rather than a device equipped with nanoscale oars or paddles [5]. 

2.5. Biochips 

Drug release from IDD devices is not constant, and "burst" effects are still observed. In addition, drug release cannot be controlled after implantation of 

IDD devices. Biochips have been developed to precisely control the amount of drug released. Biochips are usually fabricated using silicon and contain a 

number of mini-wells with precisely controlled sizes, each capable of holding a few hundred nano liters. These mini-wells are loaded with drugs and are 

covered with caps of thin metal foils (usually gold) that are connected to the wires on the face of the chips [6]. 
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When electrical signal is applied, the current dissolves the metal covers and releases the drug. Biochips can be implanted beneath the skin or into more 

specific areas such as the spinal cord or brain. The electronics package outside the chips receives a radiofrequency instruction through a built-in antenna 

to order a microprocessor to control the melting of metal foils. Microchips, Inc. is one of the key companies developing this technology. Preclinical 

studies in animals using biochips developed by Microchips, Inc., have shown good biocompatibility without significant side effects. Once successfully 

developed, the biochip-based drug-delivery technology will allow for precisely controlled drug administration to patients. 

   

 

 

 

 

Figure 6: Biochips 

3. Advantage of Nanotechnology in Pharmacy and Future Trends in Drug Delivery 

Many other promising drugs never make it to clinical trials because of inherent pharmacological drawbacks. Low-molecular-weight drugs, such as most 

chemotherapy drugs, are usually insoluble and highly toxic. Protein and nucleic acid drugs usually have poor stability in physiological conditions. It is 

therefore essential for these drugs to be protected en route to their target disease sites in the body. Drug-delivery systems may rescue potential drug 

candidates by increasing solubility and stability. 

Drug-delivery technologies are developed to improve the safety and efficacy of drugs, to ensure better patient compliance, and to improve the shelf life 

and stability of therapeutic products. Controlled drug release involves the combination of a biocompatible material or device with a drug to be delivered 

in a way that the drug can be delivered to and released at diseased sites in a designed manner. 

The major routes of drug administration are oral, inhalation, injection, and transdermal delivery. The most well-known route is oral drug delivery, which 

accounted for about 50 percent of the market as of 2003. The other routes of administration inhalation, transdermal, injection and implantation, and nasal 

delivery account for the remaining market share at 19 percent, 12 percent, 10 percent, and 7 percent, respectively. In the past 30 years, the field of drug 

deliveryhas been undergoing rapid development and has attracted attention from both academia and pharmaceutical industries. According to a recent 

report, the U.S. market alone for drug delivery is estimated at $43.7 billion in 2003 and is expected to grow more than 11 percent annually in the next 

five years [7]. 

Nanotechnology has played a large role in advancing the drug-delivery field by enhancing existing areas of small-molecule and protein delivery and by 

opening doors for delivery of new families of nucleic acid-based drugs. The ability to control the properties of nanoscale materials will continue to impact 

the pharmaceutical field by providing new technologies for improved drug delivery. We are optimistic that these developments will lead to delivery 

vehicles with high target specificity and with the ability to precisely control drug release. 

4. Commercial Areas for Nano Science Technology  

High surface-to-volume catalysts, which promote chemical reactions more efficiently, and selectively; ceramics, lighter-weight alloys, metal oxides and 

other metallic compound in coatings, paints, plastics, fillers, and food-packaging applications. Polymer–composite materials, including tires, with 

improved mechanical properties transparent composite materials, such as sunscreens containing nano size titanium dioxide and zinc oxide particles use 

in fuel cells, battery electrodes, communications applications, photo- graphic film developing, and gas sensors. nano-bar codes tips for scanning probe 

microscopes. 

5. Ethical, Legal, and Societal Implications 

In addition to the lingering environmental, health, and safety questions associated with nanotechnology, a wide-ranging array of ethical, legal, and societal 

questions also arise when on considers the wide-ranging nature of the many nanotechnology applications currently under development.  

 

6. Conclusion  

Science has vital role in human day-to day life. In 1980’s innovations of “Nano Science” in form of new arising technology, make enormous change in 

human life. This science technology made human health away from diseases and give remedies for improvable diseases and chronic diseases. Ultimately 

Science makes human life exultant. 
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Open Access This article is licensed 
under a Creative Commons 

Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and 
reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) 
and the source, provide a link to the Creative 
Commons license, and indicate if changes were 
made. The images or other third party material in 
this article are included in the article’s Creative 
Commons license, unless indicated otherwise in a 
credit line to the material. If material is not 
included in the article’s Creative Commons license 
and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, 
you will need to obtain permission directly from 
the copyright holder. To view a copy of this license, 
visit http://creativecommons.org/ licenses/by/4.0/ 

Medicinal plants are part and parcel of human society to compact diseases from 
dawn of civilization. Herbs are considered to be food rather than medicine because 
they are complete, all natural and pure, as nature intended. Oral diseases are 
major health problem with dental caries. Oral health influence the general quality 
of life and poor oral health is linked to chronic conditions and systemic diseases. 
Effective antimicrobial agents against these oral pathogens could play an 
important part in the prevention of dental caries. Natural products have been used 
for thousands of years in folk medicine for several purposes including oral health 
care. Present investigation is focused on antibacterial activity of aqueous, 
petroleum ether, chloroform and acetone extract of leaves of Abrus precatorius 
(Family- Fabaceae) against seven bacterial species (Lactobacillus rhamnosus, 
Staphylococcus aureus , Bacillus subtilis, Actinomyces viscoscus, Staphylococcus 
epidermidis, Escherichia coli , Streptococcus mutans ) which are known to cause oral 
diseases in human being. Antibacterial activity of the extracts was determined by 
paper disc diffusion method using 200mg/ml concentration of extract and there % 
zone of diffusion was calculated. Result showed that all the four extracts are 
equally effective at 5% level of significance. Test organism from the present study 
were found to be effected by all the four type of extract of Abrus precatorius leaves 
but pronounced inhibition for four extract was observed for bacterial species, 
Lactobacillus rhamnosus,. Aqueous extract was found to be more effective against 
the entire test microorganism. 
 
Keywords: Oral micro-organisms, Antibacterial activity, Abrus precatorius, Oral 
diseases, Medicinal plants. 
 
1. Introduction 
 
Right from its beginning, the documentation of traditional knowledge, 
especially medicinal uses of plants, has provided many important drugs 
of modern day [1]. Investigation of traditional medicine is very important 
for the welfare of rural and tribal communities for treatment of 
conventional illness. This is due to the health care facilities in rural areas 
are inadequate and expensive too. Moreover, traditional medicine based 
on plants provides utmost rural or tribal healthcare, because 80% of the 
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raw materials used in the preparation of drugs is 
obtained from medicinal plants. A vast knowledge and 
venerable history of use of plants against different 
health problems has been known since antiquity. Alike 
different health illness, dental and oral diseases has 
becoming an alarming problems of the century. Poor 
hygiene, poor nutrition and smoking contribute to 
dental and oral problems. Due to colonization and 
accumulation of microorganism, oral diseases are 
included into a category of global infectious diseases. As 
most of the oral diseases are due to bacterial infections 
and it has been well documented that medicinal plants 
confer considerable antibacterial activity against various 
microorganisms including bacteria responsible for 
dental caries [2]. 
 
A few recent studies have documented antimicrobial 
activity against selected oral pathogen from natural 
resources. An antibacterial activity of Myristica fragrans 
against Oral Pathogens [3]. Similarly antibacterial 
activity of Glycyrrhiza glabra against oral pathogens was 
carried out and found effective results against oral 
pathogens [4]. An in vitro  study evaluated antibacterial 
activity of different extract of J. regia against oral micro 
flora [5]. In vitro antibacterial activity of traditional 
medicinal plants from tribal regions against oral 
pathogen has also shown positive results [6]. 
 
Survey study of traditional ethnomedicinal plants used 
for oral health care by tribals of Melghat region. Dist. 
Amravati (M.S.) India has been carried out and found 
that Abrus prcatorius species is most predominantly used 
for oral care by tribal population [7]. In the present 
investigation antibacterial activity of Abrus precatorius 
(Family- Fabaceae)  aqueous, pet ether, chloroform and 
acetone extract of leaves of was carried out against 

seven bacterial species which are known to cause oral 
diseases in human being. Abrus prcatorius commonly 
known as jequirity bean or rosary pea is an 
herbaceous flowering plant in the bean family Fabaceae. 
It is a slender, perennial climber with long, pinnate-
leafleted leaves that twines around trees, shrubs, and 
hedges. The plant is best known for its seeds, which are 
used as beads and in percussion instruments. It is 
commonly called as Gunj in Marathi. Tribals of Melghat 
region use this plant species for medicinal purpose as 
well as food stuff.  
2. Material and Method  
 
2.1 Plant collection and identification  
Fresh leaves of Abrus precatorius was collected from 
Amravati and Melghat region. Authentication and 
identification was performed at department of botany 
Govt. Vidarbha Institute of Science and Humanities, 
Amravati. Collected material was shade dried and 
stored into airtight container. 
 
2.2 Preparation of extracts 
Shade dried powdered extract of leaves was subjected 
to successive Sox let extraction using solvent of varying 
polarity such as water, petroleum ether, chloroform and 
acetone. After extraction solvent was removed under 
reduced pressure. Extracted material was stored in 
airtight container till use. 
 
2.3 Test organism / Microbial flora 
Seven lyophilized bacterial strains were procured from 
Institute of Microbial Technology (IMTECH), Microbial 
Type Culture Collection (MTCC) Chandigarh. 
 

 Table 1-List of Bacterial Strains S.N. Bacterial Strain Gram +/- ve MTCC Code Growth Medium (Agar and Broth) Incubation time in hours Incubation Temp. 
1 Lactobacillus rhamnosus + ve *1408 MRS agar and broth 24-48 37o 
2 Streptococcus mutans + ve 890 Brain Heart Infusion(BHI) agar and broth 48 37o 
3 Staphylococcus aureus + ve 3408 Soyabene Casein Digest agar and broth 24 37o 
4 Actinomyces viscoscus + ve 7345 Pikoskaya’s agar 24 30o 
5 Staphylococcus epidermidis + ve 3639 Nutrient agar and broth 24 30o 6 Escherichia coli -  ve 732 Nutrient agar and broth 24 37o 
7 Bacillus subtilis + ve 3160 Nutrient agar and broth 24 30o 
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2.4 Antibacterial activity by disc diffusion assay 
Antibacterial activity of 4 extracts i.e. aqueous, 
petroleum ether, chloroform and acetone were 
determine by paper disc diffusion method of Bauer[8,9] 
Sterilized Whatman filter paper no. 1 discs of 5 mm 
diameter were soaked in respective 200 mg/ml extract 
solution.0.2 ml inoculums of test organism was spread 
on surface of respective bacterial agar plates. Previously 
soaked discs were placed on surface of inoculated 
plates. Ciprofloxacin is used as positive control and 
water, DMSO was used as negative control. Bacterial 
plates were initially transferred to refrigerator for 40-45 
min to allow diffusion and then transferred to incubator 
set at 370 c. and incubated for given incubation period. 
All the tests were performed in triplicates and under the 
sterile condition. Zone of inhibition in mm were 
measured from edge of disc after incubation.  
 
2.5 Analysis of data 
2.5.1 % Zone of inhibition 
% Zone of inhibition of 4 extracts of plant Abrus 
precatorius leaves against seven bacterial strains were 
calculated by formula- 
 

  

3. Result and Discussion  
 
The results for zone of inhibition against test organisms 
(oral bacteria) were observed for all the four extracts of 
leaves of Abrus precatorius aqueous, pet. ether, 
chloroform and acetone extract). Percent zone of 
inhibition was calculated by comparing zone of 
inhibition of plant extract with the zone of inhibition of 
standard drug used. (Ciprofloxacin). Table 2 depicts the 
result of Zone of inhibition of 4 extract of Abrus 
precatorius leaves against test microorganisms. From the 
results, it is observed that aqueous extract showed 
maximum inhibitory action against the test 
microorganism i.e. 36.3% for Lactobacillus rhamnosus, 
20% for against Staphylococcus epidermidis, 13.18 % for 
against Streptococcus mutans, 13.15% for Escherichia coli 
and 25.5% for Staphylococcus aureus. Although all test 
organism from the present study were found to be 
affected by the four types of extract of Abrus precatorius 
leaves but pronounced inhibition of all the extract was 
observed for bacterial species Lactobacillus rhamnosus. 
Minimum inhibitory action of all extracts was found 
against Staphylococcus aureus and no antibacterial effect 
was found against Bacillus subtilis and Actinomyces 
viscoscus.

 Table 2- Zone of inhibition of 4 extract of Abrusprcatoriusleaves against test microorganisms 
Plant  and control L.r S.m S.e E.c S.a 
Aqueous extract zone of inhibition in mm 
Abrus precatorius 7 2.5 4 5  5 Standard drug (Ciprofloxacin ) 19.3 18 20 15.2 19.6 % zone of inhibition 36.3% 13.8% 20% 13.15% 25.5% 
Petroleum extract zone of inhibition in mm 
Abrus precatorius 5 1.1 2.1 1  0.5 Standard drug (Ciprofloxacin ) 25 13 12 20 12 % zone of inhibition 20% 8.46%  17.5% 5% 4.1% 
Chloroform extract zone of inhibition in mm 
Abrus precatorius 2.1 1 2 1  0.5 Standard drug (Ciprofloxacin ) 25 18 25 25 36 % zone of inhibition 8% 5.5% 8%  4% 1.3% 
Acetone extract zone of inhibition in mm 
Abrus precatorius 3 1 2 0.7 0.3 Standard drug (Ciprofloxacin ) 11 7 23 28 26 % zone of inhibition 27.2% 14.2%   8.6%  2.5% 1.1% 
L.r- Lactobacillus rhamnosus, S.m-Streptococcus mutans, S.e- Staphylococcus epidermidis ,E.c- Escherichia coli,  S.a- Staphylococcus aureus. 
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Despite the widespread use of toothbrushes and 
toothpastes, natural methods of tooth cleaning using 
chewing sticks selected and prepared from the twigs, 
stems or roots from a variety of plant species have been 
practiced for thousands of years in Asia, Africa, the 
Middle East and the Americas [10]. Natural products 
have been used for thousands of years in folk medicine 
for several purposes. As most of the oral diseases are 
due to bacterial infections and it has been well 
documented that medicinal plants confer considerable 
antibacterial activity against various microorganisms 
including bacteria responsible for dental caries [2]. An 
Assessment of phytochemical composition and 
antibacterial activity of different extracts of Merremiaem 
argenata  leaves and Barleria prionitis against oral 
microflora to improve dental hygiene has been 
evaluated and they got a resistant activity [11,12]. 
 
In the present investigation four extract of Abrus 
precatorius has been screened for its antibacterial 
potential against seven strains of oral bacteria i.e Lacto 
bacillus rhamnosus Streptococcus mutans, Staphylococcus 
aureus, Actinomyces viscoscus, Bacillus subtilis, Escherichia 
coli and Staphylococcus epidermidis by disc diffusion 
method. Although  test organism from the present 
study were found to be effected by all the four type of 
extract of Abrus precatorius leaves but pronounced 
inhibition for four extract was observed for bacterial 
species, Lactobacillus rhamnosus,. Aqueous extract was 
found to be more effective against the entire test 
microorganism.  
 
4. Conclusion   
 
This study has confirmed antimicrobial potential of the 
plant Abrus precatorius, thus supporting its folklore 
application as preventive remedy against oral microbial 
diseases. The present investigation is an attempt to give   
herbal products against the drugs used today. 
 
Conflicts of interest: The author stated that no conflicts of 
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