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Abstract

The Mn-doped TiO2 nanoparticle photocatalysts have been prepared by a sim-

ple sol–gel method. 1, 3, and 5 mol% Mn-doped TiO2 nanoparticles have been

prepared by using a stoichiometric amount of manganese acetate and titanium

isopropoxide as precursors of Mn and Ti respectively. The physico-chemical

characterization of the prepared samples has been studied by x-ray diffraction

(XRD), Brunauer–Emmett–Teller surface area analysis, field emission scan-

ning electron microscope, energy dispersive x-ray analysis, high-resolution

transmission electron microscopy, x-ray photoelectron spectroscopy,

Ultraviolet–visible spectroscopy, photoluminescence spectroscopy, Fourier

transform infrared spectroscopy (FTIR) and thermogravimetric analysis

(TGA). XRD study reveals the formation of pure anatase phase of TiO2 and

decrease in crystalline size of TiO2 on increasing the Mn doping content. TGA

reveals minimum weight loss in the high-temperature region of 500–1,000�C,
showing the thermal stability of the catalyst. FTIR study shows highly bonding

in metal atoms. These samples have been tested for photocatalytic degradation

of brilliant green dye. 5 mol% Mn-doped TiO2 is having nearly four times more

photocatalytic activity than pure TiO2. In addition, Mn-doped TiO2 has shown

excellent photodegradation of a mixture of three dyes namely, rhodamine B,

brilliant green, and methylene blue.

KEYWORD S

kinetic study, Mn-doped TiO2, nanoparticles, photocatalytic activity, sol–gel method

1 | INTRODUCTION

Various industries such as the manufacture of textile,
paint, leather, pesticides, fertilizers, pharmaceuticals, and
so on are primarily responsible for water pollution. By
means of these industries, various organic pollutants
have been dumped into the water bodies. The aquatic life
and human life may be largely affected by these organic

pollutants, which are exceptionally difficult to be
degraded or eliminated by nature.[1–3] Numerous predict-
able methods such as biological methods, chemical pre-
cipitation, and membrane filtration are suggested for
wastewater treatment, but these methods may not be
greatly possible. However, chemical precipitation causes
several disadvantages, large chemical feeding such as
lime, oxidants, or H2S and physicochemical monitors
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such as pH are essential for the effluent, the excessive
chemical usually causes a secondary pollution issue.
Membrane filtration is an alternative physical method for
wastewater treatment,[4] but its utility is affected by fac-
tors such as particle size, solubility, diffusivity, and
charge.

In several countries, economic growth and industrial
development go hand in hand, for example, textile indus-
tries play an important role in many countries such as
China, Bangladesh, Vietnam, India, Sri Lanka, etc. These
industries use different raw materials such as cotton, syn-
thetic and woolen fibers, and several synthetic and natu-
ral dyes and chemicals. Approximately 10,000 different
synthetic dyes are available in the global market. The
worldwide annual production of these dyes is over
700,000 tons. Nearly 200,000 tons of synthetic dyes are
lost into the environment because of the inefficient dye-
ing process used in textile industries. According to the
World Bank estimation, the textile dyeing and finishing
treatment is having about 17%–20% share of the total
industrial wastewater generated.[4–6]

To tackle water pollution, among the number of pro-
cesses, one of the most effective processes is the use of
heterogeneous photocatalyst.[7–10] The most effective het-
erogeneous photocatalyst is titanium dioxide, because of
its interesting properties such as nontoxicity, low cost,
strong oxidizing power, chemical, and biological inert-
ness, reusability, porosity, phase transformation, crystal-
linity, availability in nano-size and in different
morphology and so on.[11–14] TiO2 has a large band gap of
�3.20 eV, hence it functions effectively under ultraviolet
(UV) light irradiation and limits its applications in direct
sunlight or visible light. Another obstacle is the larger
recombination rate of photo-generated electrons and
holes, which further limits its efficiency.[15] One of the
major challenges is to make an innovative photocatalyst,
which can absorb light in the visible region rather than
the UV region. In this direction, our focus is to prepare a
TiO2 catalyst, which on modification can absorb visible
light rather than UV light, and minimize its band gap.

Enormous research has been carried out during the
last few decades for developing TiO2 catalyst to increase
its activity in the visible region, for the achievement of
higher absorbance of visible light by TiO2. This includes
several methods such as metal and non-metal ion doping
and surface sensitization of TiO2 coupling which helps in
narrowing the band gap.[16–19] In literature, the number
of transition metals such as V, Cr, Fe, Mg, Co, Zn, and
Mo has been used as a dopant in TiO2, which results in
the enhanced photocatalytic activity of TiO2.

[20–24]

Among these, Mn is one of the effective doping elements,
which results in the red shift in absorption wavelength
due to the contraction in the band gap via the formation

of new energy levels in between the Ti 3d states of the
conduction band and the O 2p states of the valence
band.[25] Zhang et al. reported the synthesis of MnO2-
doped anatase TiO2 nanoparticles, which showed higher
photocatalytic activity than Degussa P25.[26] Li et al. syn-
thesized visible light active Mn-TiO2 photocatalyst with
controlled size for degradation of Rhodamine B (RhB).[27]

Further, Mn-TiO2 has been reported for the degradation
of NO and acetaldehyde under visible irradiation.[28–32]

In view of these results, there is a scope to develop a new
method for the synthesis of Mn-doped TiO2.

In this study, we have synthesized Mn-doped TiO2

catalysts by the low-temperature sol–gel method. Pre-
pared materials have been characterized by several tech-
niques such as x-ray diffraction (XRD), Brunauer–
Emmett–Teller (BET) surface area analysis, Field Emis-
sion Scanning Electron Microscope (FESEM), energy dis-
persive x-ray analysis (EDX), High-Resolution
Transmission Electron Microscopy (HRTEM), x-ray pho-
toelectron spectroscopy (XPS), UV–Visible spectroscopy,
Photoluminescence (PL) spectroscopy, Fourier Transform
Infrared Spectroscopy (FTIR) and Thermogravimetric
analysis (TGA). Further, photocatalytic activity has been
evaluated for the degradation of brilliant green dye in an
aqueous solution and for the degradation of a mixture of
dyes in an aqueous solution. Effect of various parameters
such as concentration of dye, pH of a solution, and cata-
lyst loading on the degradation of brilliant green has
been evaluated.

2 | MATERIAL AND METHOD

2.1 | Synthesis of Mn-doped TiO2
nanoparticles by sol gel method

The Mn-doped TiO2 nanoparticles were prepared by
using sol–gel method. Firstly, 5 ml of titanium isopropox-
ide and 5 ml of glacial acetic acid were taken in a clean
round bottom flask and stirred for 15 min. To this solu-
tion separately prepared solution Tween 80 (0.2 ml) in
10 ml of distilled water was added slowly with constant
stirring for 2 hr. To this resultant solution, 80 ml of dis-
tilled water was added slowly with constant stirring for
2 hr. Further, the stoichiometric amount of manganese
acetate was added to a reaction mixture and stirred for
4 hr. pH of this solution is adjusted to 10 by adding
ammonia solution with constant stirring and further stir-
red for 3 hr at 60�C for removing excess ammonia. The
reaction mixture was cooled to room temperature and
the supernatant liquid has been removed by decantation.
Further, 80 ml of distilled water was added and the mix-
ture was stirred for 3 hr at 60�C. The mixture was
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filtered, washed with ethanol and obtained precipitate
has been dried at 110�C for 12 hr. The obtained powder
was crushed and calcined at 400�C for 5 hr. Light brown
powder of Mn-doped TiO2 nanoparticles has been
formed. By this procedure, 1, 3, and 5 mol% Mn-doped
TiO2 have been synthesized. The same procedure was
adopted for the synthesis of bare TiO2, without the addi-
tion of manganese acetate.

2.2 | Characterization

The XRD spectra of all prepared samples were recorded
by using Regaku diffractometer with Cu Kα (1.5418 Å).
The diffraction data were collected in the 2θ range of 10–
90� at the scanning rate of 2�/min. The crystalline size
has been calculated by the Scherer equation. BET surface
area, pore volume, and pore diameter of the bare TiO2

and 5 mol% Mn-doped TiO2 have been studied by N2

adsorption measurement at �196�C using NOVA touch
4LX, Quntachrome, USA. UV–Vis absorption spectrum
of the prepared catalysts was recorded in the range of
200–800 nm by using ELICO double beam SL210 UV–
visible spectrophotometer. Photoluminescence measure-
ment of all the prepared catalysts has been studied with
330 nm excitation wavelength (at 3.76 eV excitation
energy) using a JASCO spectrofluorometer. FTIR spectra
of the nanoparticles were recorded on Thermo Scientific
Nicolet iS10 in the range of 400–4,000 cm�1 in transmis-
sion mode. High-resolution transmission electron micros-
copy (HRTEM) images of the samples were recorded on a
JEOL JEM 2100 Plus. The FESEM images with EDX were
recorded using Carl Zeiss Supra 55 scanning electron
microscope with a field emission electron gun, to know
the morphology and elemental composition respectively.
XPS measurements of the prepared sample have been
recorded on a Shimadzu (ESCA 3400) spectrometer hav-
ing Mg Kα (1,253.6 eV) radiation as the excitation source.
The TGA data were recorded on Mettler Toledo TGA1
thermogravimetric analyzer; it shows the thermal stabil-
ity of the prepared catalysts.

2.3 | Photocatalytic activity

Photocatalytic degradation of Brilliant green in an aque-
ous solution has been studied by employing Mn-doped
TiO2 catalysts. Further, degradation of a mixture of three
dyes (including brilliant green, rhodamine B, and methy-
lene blue) in an aqueous solution under direct sunlight
has been studied by using the most active 5 mol% Mn-
doped TiO2. Also, the effect of various parameters (such
as pH of the solution, the concentration of the brilliant

green, and catalyst loading) have been examined on
photocatalytic efficiency of 5 mol% Mn-doped TiO2 for
degradation of brilliant green. The pH of the solution was
adjusted by adding an appropriate quantity of 1 N NaOH
and 1 N HCl solutions. In the photocatalytic study, all
the experiments are studied thrice and observed with
almost similar results. The corresponding error bar has
been shown within the figures.

2.3.1 | Photocatalytic degradation of brilliant
green dye

We have prepared a 20 ppm brilliant green dye solution
using distilled water at room temperature. From this pre-
pared stock solution, 200 ml solution has been taken in
the round bottom flask; to this, 100 mg of prepared cata-
lyst has been added. This reaction mixture was stirred for
30 min. in dark to reach adsorption–desorption equilib-
rium. After this, the solution was transferred into the
sunlight. 2 ml sample has been collected after a regular
time interval, centrifuged, and performed UV–Visible
spectral analysis from 200–800 nm wavelength and
absorbance has been recorded for wavelength (λmax)
625 nm for brilliant green.

2.3.2 | Photocatalytic degradation of mixture
of dyes

We have prepared a 20 ppm solution of each dye (bril-
liant green, methylene blue and rhodamine B) using dis-
tilled water. By taking these three solutions in equal
quantity, a 200 ml solution of mixture of brilliant green,

FIGURE 1 XRD pattern of pure TiO2, 1 mol% Mn-doped TiO2,

3 mol% Mn-doped TiO2, and 5 mol% Mn-doped TiO2
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methylene blue and rhodamine B has been prepared.
This prepared solution was taken in round bottom flask
and 100 mg 5 mol% Mn-doped TiO2 catalyst was added.
After 30 min., the reaction mixture was transferred to
direct sunlight, and after regular time interval the sam-
ples were collected. The absorbance of collected samples
was recorded using a UV–visible spectrophotometer at
the range of 200–800 nm wavelength.

3 | RESULT AND DISCUSSION

3.1 | Characterization

3.1.1 | X-ray diffraction study

X-ray diffraction patterns of undoped and Mn-doped
TiO2 nanocatalysts are shown in Figure 1. It is noted that
all the diffraction peaks represented the anatase phase of
TiO2 with a characteristic high-intensity peak at
2θ = 25.20� and other peaks correspond to 2θ values at
37.91, 47.98, 54.05, 55.12, 62.78, 68.94, 70.45 and 75.35�

which can be indexed as (101), (004), (200), (211), (105),
(204), (116), (220) and (215) planes of anatase TiO2

(JCPDS card no.73–1764) respectively. Mostly, the XRD
spectra have not shown any extra peaks corresponding to
Mn. This indicated that the Mn may introduce in to TiO2

lattice as substitution dopant by replacing Ti and O and
not in the interstitial position of the TiO2 lattice.

[32,33]

The crystalline size of all prepared catalysts has been
calculated on the basis of the Scherrer formula. The crys-
talline size of bare TiO2, 1 mol% Mn-doped TiO2, 3 mol%
Mn-doped TiO2, and 5 mol% Mn-doped TiO2 is 9.93, 9.04,

9.03, and 8.94 nm respectively. The Scherrer formula is
as follows:

D¼ kλ
βcosθ

, ð1Þ

where D is the average size of the nanoparticle, λ is the
wavelength, β is the full width at half maximum, and θ is
Bragg's angle.

On the basis of crystalline size, we can say that on an
increase in Mn doping, the size of the nanoparticle
decreases, which results in an increase in the surface area
of the catalyst and ultimately enrichment in photocataly-
tic activity. The structural parameters of pure TiO2 and

TABLE 1 Structural parameters of pure TiO2 and Mn-doped TiO2 nanoparticles

Catalysts Standard d value Observed d value hkl plane

Cell parameters

Crystallite size(nm)a (Å) c (Å) V (Å3)

TiO2 3.52 3.5147 (101) 3.78 9.52 136.02 9.927933

2.37 2.38018 (004)

1.33 1.89052 (220)

1% Mn-TiO2 3.52 3.5201 (101) 3.775 9.4916 135.26 9.036106

2.37 2.3729 (004)

1.33 1.8875 (220)

3% Mn-TiO2 3.52 3.5229 (101) 3.772 9.482 134.90 9.033568

2.37 2.3705 (004)

1.33 1.8860 (220)

5% Mn-TiO2 3.52 3.5215 (101) 3.7854 9.494 136.04 8.944641

2.37 2.3735 (004)

1.33 1.8927 (220)

FIGURE 2 TGA of TiO2 and 5 mol% Mn-doped TiO2
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Mn-doped TiO2 catalysts are shown in Table 1 and it is
well matched with JCPDS 73–1764 data.

3.1.2 | Thermo gravimetric analysis

The thermogravimetric analysis plots of as-prepared pure
TiO2 and 5 mol% Mn-doped TiO2 (before calcination)
have been shown in Figure 2. The weight loss of TiO2

from room temperature to 400�C is due to conversion
from amorphous to crystalline phase.[34] In specific, after
heating over 400�C, we do not observe any other phase
than crystalline anatase TiO2 this is prove on XRD analy-
sis. The Thermo gravimetric analysis of Mn-TiO2 is divid-
ing in to three stages of weight loss. In stage first nearly
19% weight loss observed in between 30 and 180�C is due
to loss of the residual solvent and water. The second

weight loss which is about 12%, observed in between
126 and 380�C is due to loss of organic components.
However, TiO2 has shown less amount of weight loss as
compared to Mn-doped TiO2. Further, both Mn-doped
TiO2 and bare TiO2 has not shown any significant weight
loss after 400�C.

As compared to bare TiO2, Mn-doped TiO2 has shown
an overall 10% higher weight loss. The weight loss indicates
that pure TiO2 has early started to convert into its crystal-
line phase from the amorphous phase, whereas Mn-doped
TiO2 started later to convert into its crystalline form.

3.1.3 | UV–Visible spectroscopy study

The influence of doping on the UV–Vis spectra properties
of the anatase TiO2 is clear from Figure 3. The Mn-doped
TiO2 nanoparticles shows a remarkable change in their
color, which depends on the concentration of dopant, as
concentration of dopant increases color becomes light
brown to light dark brown. From the UV–Vis spectra, the
increase in absorption of Mn-doped TiO2 in visible region
has been observed which is due to their respective energy
levels, the promotion of 3d electrons of doping Mn ions
in to the conduction band of TiO2.

[35–37]

With the increase in doping, we observe that stronger
absorption edges shifted to the right side of the spectrum,
which results in a decrease in the band gap. As the per-
centage of doping increases band gap of prepared cata-
lysts decreases from 3.7 to 3.2 eV. Due to decrease in
band with absorption of lesser amount of energy can pro-
motes electron to conduction band. It increases the
photocatalytic activity of the prepared catalyst. On the

FIGURE 3 (a) UV–Visible absorption spectra; (b) plot of hυ
versus αhυ2 of bare TiO2; and Mn-doped TiO2

FIGURE 4 Photoluminescence spectra of bare TiO2 and Mn-

doped TiO2 nanoparticles
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basis of Figure 3b it is seen that 5 mol% Mn-doped TiO2

has highest photocatalytic activity.

3.1.4 | Photoluminescence spectroscopy
study

An important identifying tool for determining the exis-
tence of defects in a nanomaterial is PL spectroscopy.
The photoluminescence spectra of pure TiO2 and 1, 3,
and 5 mol% Mn-doped TiO2 nanoparticles at room tem-
perature are shown in Figure 4. The PL spectra has been
studied at an excitation wavelength of 330 nm. Two sepa-
rate emission peaks have been identified in the spectra.
The indirect band-to-band transition of TiO2 nanoparti-
cles from their conduction band to their valence band
causes the UV emission.[38] The peak at 415 nm is related
to self-trapped excitons.[38] The 490 nm peak is observed
due to the charge transfer transition from Ti3+ to the
TiO2�

6 octahedra associated with oxygen defects.[39] In
this spectrum there is no additional peak of Mn or shift-
ing of emission peak. On increasing Mn doping, the
intensity of the emission peaks has been reduced. The
oxygen vacancies in pure TiO2 function as luminescence
enhancers and boost emission intensity. The TiO2 lattice
is disturbed, the Ti–O bond is broken, and many oxygen
vacancies are produced when Mn is doped. As the con-
centration of Mn in TiO2 increases, the number of non-
radiative oxygen vacancy centres also increases, nearby
Mn2+. Since there are more oxygen defects available,
lesser photoexcited electrons are available to recombine
with holes because they are entrapped and highly local-
ized in those oxygen vacancies. Presence Mn resemblance
a rise in non-radiative oxygen vacancy centres with

trapped electrons, which causes a subsequent drop in
emission intensity. Further, in addition to the non-
radiative oxygen vacancies, the mobility of the carriers is
another important factor influencing PL intensity. The
mobility of the free carriers is decreased by dopants and
deficiencies in the interior, grain boundary, and surface.
When they get close to charged dopants or oxygen defect
states, the mobile carriers disperse. Reduced mobility will
result in more carriers being separated from one another,
which lowers the intensity of the PL.[40]

3.1.5 | FTIR study

The FTIR spectra of Mn-doped TiO2 nanoparticle is shown
in Figure 5. The stretching and bending vibration of the
hydroxyl group peak at 3282 cm�1 and the stretching vibra-
tion band intensity of Mn-doped TiO2 is greater than pure
TiO2, indicating that TiO2 has stronger absorption with Mn-
doped TiO2.

[41] The absorption band in the prepared mate-
rials at 1625 cm�1 was associated with the stretching of the
C–O–Ti bond. The peak at about 546 cm�1 is due to anatase
TiO2, which represents the bending vibration of Ti–O.

3.1.6 | FESEM and EDX study

The morphology and surface nature of the synthesized
Mn-doped TiO2 nanoparticles were studied by FESEM and
obtained images of all samples are shown in Figure 6. The
FESEM micrograph of all samples has shown the fine-
grown crystals, which were gathered closely with each
other. Further, the EDX analysis shows that obtained sam-
ple has the same elemental composition as per the propor-
tion of precursors taken during the preparation.

3.1.7 | HRTEM study

The structural properties of prepared material Mn-doped
TiO2 nanoparticles have been further investigated by
using HRTEM spectroscopy. The particle size for 5 mol%
Mn-doped TiO2 from the HRTEM images is varying from
4 to 14 nm as shown in Figure 7a. Clear lattice fringes for
Mn-doped TiO2 were obtained and shown in Figure 7b.
Further, the presence of anatase phase of TiO2 has been
confirmed by the crystal lattice fringes having a d value
of 0.352 nm which is corresponding to the spacing of
(101) lattice plane of the anatase TiO2 (JCPDS 73–1764).
Furthermore, the selected area electron diffraction pat-
tern shown in Figure 7c, matches with anatase TiO2 and
the brightness and intensity of polymorphic ring reveals
the well crystalline nature. The average particle size of

FIGURE 5 FTIR study of Mn-doped TiO2 nanoparticles

6 BHOSALE ET AL.



the nanoparticles from HRTEM Figure 7d was found to
be 8–10 nm, which is also matched with the XRD results.

3.1.8 | BET surface area analysis

The values of the specific surface area, pore volume, and
pore diameter of pure TiO2 and 5 mol% Mn-doped TiO2

samples were measured using the Brunauer–Emmett–
Teller (BET) equation following the Barrett–Joyner–
Halenda method are summarized in Table 2. The N2

adsorption–desorption for both the photocatalysts was
consistent with Type IV isotherm (Figure 8), which is
representative of mesoporous structures.[42–44] After dop-
ing with manganese, a significant increase in the specific
surface area and pore volume of the samples has been

FIGURE 6 FESEM with EDX of (a) pure TiO2; (b) 1 mol% Mn-doped TiO2; (c) 3 mol% Mn-doped TiO2; and (d) 5 mol% Mn-doped TiO2

nanoparticles
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noticed. The BET surface area of 185.312 and
111.399 m2/g was recorded for 5 mol% Mn-doped TiO2

and bare TiO2 respectively. Moreover, the pore diameter
of pure TiO2 is greater than 5 mol% Mn-doped TiO2 and
the pore volume of TiO2 is less than 5 mol% Mn-doped
TiO2.

3.1.9 | XPS study

An XPS analysis of 5 mol% Mn-doped TiO2 is shown in
the Figure 9, which confirms the basic structure of the
catalyst produced. Figure 9a shows the survey spectra,
which shows the presence of Mn, Ti and O in the sample.
The XPS spectrum of Mn 2p exhibited peaks at 642.2 and
653.8 eV, which were attributed to the Mn 2p3/2 and Mn
2p1/2 levels, respectively, a finding that bears out the
presence of Mn3+ is shown in Figure 9b.[45] From the

FIGURE 7 (a) Average particle size; (b) and (d) HRTEM image of 5 mol% Mn-doped TiO2; and (c) SAED pattern of 5 mol% Mn-doped

TiO2 powder

TABLE 2 BET surface area, pore volume, and pore diameter of bare TiO2 and 5% Mn-doped TiO2 nanoparticles

Sr. no. Catalyst Surface area (m2/g) Pore volume (cm3/g) Pore diameter (nm)

1 TiO2 111.399 0.231848 7.83178

2 5% Mn-TiO2 185.312 0.277406 5.63585

FIGURE 8 N2 adsorption–desorption isotherm (inset, pore size

distribution) of bare TiO2 and 5% Mn-doped TiO2 nanoparticle
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Figure 9c, the XPS spectrum of Ti 2p peaked at 458.5 and
464.3 eV, attributed to the Ti 2p3/2 and Ti 2p1/2 levels,
respectively, confirming the presence of Ti4+. In addition,
the difference between the two energy levels was approxi-
mately 6.0 eV and the 472.1 eV satellite peak is character-
istic of TiO2 compounds. Figure 9d shows O1s XPS
spectrum peak at 529.8 eV, which is corresponds to the
O-(Mn, Ti) lattice oxygen.[46]

3.2 | Photocatalytic degradation of
brilliant green

The photocatalytic activity of synthesized nanoparticles
has been explored for the degradation of brilliant green
dye and a mixture of three dyes, namely methylene blue,
brilliant green, and rhodamine B. Brilliant green is triar-
ylmethane dye having the chemical formula
C27H34N2O4S and molecular weight 475.6 g/mol. It is
used in dilute solution as a topical antiseptic and effective
against gram positive microorganisms.

UV–Visible absorption spectra of degradation study of
BG using 5 mol% Mn-doped TiO2 with respect to irradia-
tion time is shown in Figure 10a. The maximum absorp-
tion peak of brilliant green (BG) dye is at �625 nm
(λmax). As the time increases from 0 to 180 min the peak
intensity decreases gradually, also little shifting of peak
to slightly lower wavelength is observed. The complete
degradation of BG was observed after 180 min by using
this catalyst. The plot of change in concentration of BG
by using all prepared catalysts (such as 5 mol% Mn-doped
TiO2, 3 mol% Mn-doped TiO2, 1 mol% Mn-doped TiO2

and bare TiO2) with respect to irradiation time has been
shown in Figure 10b. The observation of experiment
reveals that the concentration of BG has been nearly con-
stant in the absence of photocatalyst and in the presence
of visible light, suggests the thermodynamic stability of
BG dye. The complete degradation of BG by using 5 mol
% Mn-doped TiO2 nanoparticles has required less time
than that of 3 mol% Mn-doped TiO2, 1 mol% Mn-doped
TiO2 and pure TiO2 nanoparticles. This observation
clearly indicates that the photocatalytic degradation

FIGURE 9 (a) XPS spectra of 5 mol% Mn-doped TiO2, high-resolution spectra of (b) Ce 3d, (c) Ti 2p, and (d) O 1s
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reaction of the Mn-doped TiO2 nanoparticle is highly
dependent upon the amount of Mn introduced into TiO2

and the method used for synthesis of the catalyst prepara-
tion. Moreover, reaction kinetic has been shown in
Figure 10c and results obtained were tabulated in Table 3
for photocatalytic degradation of BG by using prepared
samples. As compared to other prepared catalysts, the
higher rate constant (16.73 � 10�3 min�1) for BG degra-
dation using 5 mol% Mn-TiO2 nanoparticles has been
observed under visible light.

The effect of change in concentration of BG on photo-
catalytic efficiency of 5 mol% Mn-doped TiO2 nanoparti-
cle has been studied by using 10–40 ppm BG solution.
Figure 11a shows that complete degradation has been
achieved for 10 ppm solution in 180 min., whereas
69, 55 and 28% degradation has been achieved of 20, 30,
and 40 ppm solution respectively in same time by using
5 mol% Mn-doped TiO2. Figure 11b shows the plot of d
[BG]/dt versus time, on increasing the concentration of
BG from 10 to 40 ppm, for time intervals of 0–30 min,
30–60 min, 60–90 min, and 90–120 min the change in
concentration initially increases and then decreases. But
for a time interval of 120–150 min, the trend is somewhat
irregular.

The effectiveness of the photodegradation reaction
largely depends upon the pH of the dye solution. The pH
of the BG solution was adjusted using 1 N HCl to make a
solution acidic and 1 N NaOH to make a solution basic.
As shown in Figure 12, the rate of photocatalytic reaction
was found higher in the basic medium (pH 12.0, 9.0) than
that of the acidic medium (pH 5.0, 3.0). The different pH
of the solution can change the surface charge on nano-
particles and, consequently, the potential of photocataly-
tic reactions. The mechanism of photocatalytic
degradation is shown in Equations (2)–(7). The reactive
species could be formed by the reactions shown in Equa-
tions (2)–(6), can be generated at specific potential and
initiate the photocatalytic reaction (Equation 7).[47]

FIGURE 10 (a) UV–Visible spectra of BG at different time

intervals using Mn-doped TiO2 nanoparticle as catalyst, (b) change

in concentration of BG by using different catalysts and without

catalyst with irradiation time, and (c) corresponding graph of

ln(C0/C) of BG versus irradiation time

TABLE 3 Reaction kinetic parameters of photocatalytic

degradation study of BG Mn-TiO2 and bare TiO2 nanoparticles

Catalyst
Initial Conc.
of BG (%)

Final Conc.
of BG (%)

Rate
constant
(min�1)

Blank 100 95.8 0.1 � 10�3

TiO2 100 57.8 5.7 � 10�3

1% Mn-TiO2 100 40.2 8.9 � 10�3

3% Mn-TiO2 100 27.6 12.69 � 10�3

5% Mn-TiO2 100 15.2 16.73 � 10�3
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Formation of HO• is favored under basic condition and it
may help for degradation under basic conditions.

Mn�dopedTiO2þhν!Mn�dopedTiO2 e�þhþ� �
,

ð2Þ

Mn�dopedTiO2 e�ð ÞþO2 !Mn�dopedTiO2þO2
� • ,

ð3Þ

Mn�dopedTiO2 e�ð ÞþO2þHþ

!Mn�dopedTiO2þHO2
• , ð4Þ

Mn�dopedTiO2 hþ� �þH2O
!Mn�dopedTiO2þHþþOH • , ð5Þ

Mn�dopedTiO2 hþ� �þOH�

!Mn�dopedTiO2þOH • , ð6Þ

BGþReactive species O2
� • =OH • =HO2

•ð Þ
!Degradation Products: ð7Þ

Furthermore, the photocatalytic degradation effi-
ciency was evaluated by changing the amount of catalyst,
that is, catalyst loading. Figure 13a shows the change in
concentration of BG with irradiation time for the experi-
ments carried out by using different catalyst loading, that
is, from 0.25 to 1 g/L. The degradation efficiency
increases with increase for catalyst loading. This is due to
the fact that the higher amount of catalyst has higher
active sites on the surface and consequently active sites

FIGURE 11 (a) Plot of percentage degradation of BG with

different concentrations of dye solution by using 5 mol% Mn-doped

TiO2 nanoparticles with irradiation time and (b) corresponding plot

of d[BG]/dt versus time

FIGURE 12 Effect of change in pH of BG dye solution: (a) plot

of (C/C0) versus time and (b) plot of ln(C0/C) versus time by using

5 mol% Mn-doped TiO2 nanoparticles
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are involved for degradation reaction. The plot of ln(C0/
C) against time Figure 13b shows as the loading of cata-
lyst increases it increases the photocatalytic activity.

3.3 | Photocatalytic degradation of the
mixture of dyes (RhB and BG, MB)

As per our photodegradation study of BG dye, it has been
concluded that 5 mol% Mn-doped TiO2 is more efficient
in comparison with other prepared nanoparticles. There-
fore, we have studied the photodegradation of a mixture
of three dyes using 5 mol% Mn-doped TiO2 nanoparticles
and shown in Figure 14. As a representative of industrial
dyestuff, an aqueous solution of a mixture of three dyes,
that is, RhB, BG, and methylene blue (MB) is used. The
control experiment (i.e., without using catalyst) reveals

that the photodegradation of RhB and BG, MB is very
slow under only visible light irradiation. Figure 14 shows
a change in concentration of the mixture of dyes in the
suspension of 5 mol% Mn-doped TiO2 with respect to
irradiation time. Absorption peaks have been observed at
wavelengths �668, �544, and �625 nm, which are char-
acteristic absorption peaks (λmax) of MB, RhB and BG,
respectively. Progress of the photodegradation reaction
has been studied by measuring the absorbance at these
wavelengths. In 300 min. Reaction time, almost complete
degradation of these three dyes has been observed.

FIGURE 13 Effect of change in concentration of BG dye by

using 5 mol% Mn-doped TiO2 nanoparticles: (a) plot of (C/C0)

versus time and (b) plot of ln(C0/C) vs. time

FIGURE 14 UV–Vis spectra of photocatalytic degradation of

mixture of dyes (RhB, BG, and MB)

FIGURE 15 Reusability of catalyst
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4 | REUSABILITY OF CATALYST

Reusability of prepared nanoparticles is one of the most
significant features of catalyst effectiveness over practical
reuses. Therefore, three cycles of photocatalytic degrada-
tion of BG were carried out using 5 mol% Mn-doped TiO2

under direct sun light irradiation and the results obtained
are shown in Figure 15. The almost same activity has been
shown by nanoparticles for three cycles. This also confirms
the stability of the catalyst under the reaction conditions.

5 | CONCLUSIONS

The photo catalytically active Mn-doped TiO2 nanoparti-
cles were successfully synthesized by using sol–gel
method. Among the various nanoparticles, 5 mol% Mn-
doped TiO2 has shown the better efficacy for photodegra-
dation of brilliant green (BG). Further, it has been suc-
cessfully employed for the degradation of mixture of
three dyes namely methylene blue (MB), rhodamine B
(RB) and brilliant green (BG). The analysis of characteri-
zation of the catalysts, it has been confirm that 5 mol%
Mn-doped TiO2 act as a superior catalyst in the photoca-
talytic degradation. However, strong interaction of Mn in
TiO2 has been proved by FTIR. The UV–Visible absorp-
tion study shows that the 5 mol% Mn-doped TiO2 catalyst
has better visible light absorption than other prepared
catalysts. The band gap 3.2, 3.3, 3.4, and 3.7 eV has been
observed for 5 mol% Mn-doped TiO2, 3 mol% Mn-doped
TiO2, 1 mol% Mn-doped TiO2 and pure TiO2 respectively.
Further, TiO2 has shown increased BET surface area on
doping. Prepared catalysts have shown excellent photoca-
talytic activity for degradation of brilliant green dye and
mixture of dyes. The study of different pH of solution, at
basic pH catalyst has shown greater photocatalytic activ-
ity. Also, 5 mol% Mn-TiO2 catalyst has been shown
almost similar efficiency for three cycles. Rate constant of
5 mol% Mn-doped TiO2 catalyst is nearly twice to that of
bare TiO2 for degradation of BG.
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Abstract

The Mn-doped TiO2 nanoparticle photocatalysts have been prepared by a sim-

ple sol–gel method. 1, 3, and 5 mol% Mn-doped TiO2 nanoparticles have been

prepared by using a stoichiometric amount of manganese acetate and titanium

isopropoxide as precursors of Mn and Ti respectively. The physico-chemical

characterization of the prepared samples has been studied by x-ray diffraction

(XRD), Brunauer–Emmett–Teller surface area analysis, field emission scan-

ning electron microscope, energy dispersive x-ray analysis, high-resolution

transmission electron microscopy, x-ray photoelectron spectroscopy,

Ultraviolet–visible spectroscopy, photoluminescence spectroscopy, Fourier

transform infrared spectroscopy (FTIR) and thermogravimetric analysis

(TGA). XRD study reveals the formation of pure anatase phase of TiO2 and

decrease in crystalline size of TiO2 on increasing the Mn doping content. TGA

reveals minimum weight loss in the high-temperature region of 500–1,000�C,
showing the thermal stability of the catalyst. FTIR study shows highly bonding

in metal atoms. These samples have been tested for photocatalytic degradation

of brilliant green dye. 5 mol% Mn-doped TiO2 is having nearly four times more

photocatalytic activity than pure TiO2. In addition, Mn-doped TiO2 has shown

excellent photodegradation of a mixture of three dyes namely, rhodamine B,

brilliant green, and methylene blue.

KEYWORD S

kinetic study, Mn-doped TiO2, nanoparticles, photocatalytic activity, sol–gel method

1 | INTRODUCTION

Various industries such as the manufacture of textile,
paint, leather, pesticides, fertilizers, pharmaceuticals, and
so on are primarily responsible for water pollution. By
means of these industries, various organic pollutants
have been dumped into the water bodies. The aquatic life
and human life may be largely affected by these organic

pollutants, which are exceptionally difficult to be
degraded or eliminated by nature.[1–3] Numerous predict-
able methods such as biological methods, chemical pre-
cipitation, and membrane filtration are suggested for
wastewater treatment, but these methods may not be
greatly possible. However, chemical precipitation causes
several disadvantages, large chemical feeding such as
lime, oxidants, or H2S and physicochemical monitors
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such as pH are essential for the effluent, the excessive
chemical usually causes a secondary pollution issue.
Membrane filtration is an alternative physical method for
wastewater treatment,[4] but its utility is affected by fac-
tors such as particle size, solubility, diffusivity, and
charge.

In several countries, economic growth and industrial
development go hand in hand, for example, textile indus-
tries play an important role in many countries such as
China, Bangladesh, Vietnam, India, Sri Lanka, etc. These
industries use different raw materials such as cotton, syn-
thetic and woolen fibers, and several synthetic and natu-
ral dyes and chemicals. Approximately 10,000 different
synthetic dyes are available in the global market. The
worldwide annual production of these dyes is over
700,000 tons. Nearly 200,000 tons of synthetic dyes are
lost into the environment because of the inefficient dye-
ing process used in textile industries. According to the
World Bank estimation, the textile dyeing and finishing
treatment is having about 17%–20% share of the total
industrial wastewater generated.[4–6]

To tackle water pollution, among the number of pro-
cesses, one of the most effective processes is the use of
heterogeneous photocatalyst.[7–10] The most effective het-
erogeneous photocatalyst is titanium dioxide, because of
its interesting properties such as nontoxicity, low cost,
strong oxidizing power, chemical, and biological inert-
ness, reusability, porosity, phase transformation, crystal-
linity, availability in nano-size and in different
morphology and so on.[11–14] TiO2 has a large band gap of
�3.20 eV, hence it functions effectively under ultraviolet
(UV) light irradiation and limits its applications in direct
sunlight or visible light. Another obstacle is the larger
recombination rate of photo-generated electrons and
holes, which further limits its efficiency.[15] One of the
major challenges is to make an innovative photocatalyst,
which can absorb light in the visible region rather than
the UV region. In this direction, our focus is to prepare a
TiO2 catalyst, which on modification can absorb visible
light rather than UV light, and minimize its band gap.

Enormous research has been carried out during the
last few decades for developing TiO2 catalyst to increase
its activity in the visible region, for the achievement of
higher absorbance of visible light by TiO2. This includes
several methods such as metal and non-metal ion doping
and surface sensitization of TiO2 coupling which helps in
narrowing the band gap.[16–19] In literature, the number
of transition metals such as V, Cr, Fe, Mg, Co, Zn, and
Mo has been used as a dopant in TiO2, which results in
the enhanced photocatalytic activity of TiO2.

[20–24]

Among these, Mn is one of the effective doping elements,
which results in the red shift in absorption wavelength
due to the contraction in the band gap via the formation

of new energy levels in between the Ti 3d states of the
conduction band and the O 2p states of the valence
band.[25] Zhang et al. reported the synthesis of MnO2-
doped anatase TiO2 nanoparticles, which showed higher
photocatalytic activity than Degussa P25.[26] Li et al. syn-
thesized visible light active Mn-TiO2 photocatalyst with
controlled size for degradation of Rhodamine B (RhB).[27]

Further, Mn-TiO2 has been reported for the degradation
of NO and acetaldehyde under visible irradiation.[28–32]

In view of these results, there is a scope to develop a new
method for the synthesis of Mn-doped TiO2.

In this study, we have synthesized Mn-doped TiO2

catalysts by the low-temperature sol–gel method. Pre-
pared materials have been characterized by several tech-
niques such as x-ray diffraction (XRD), Brunauer–
Emmett–Teller (BET) surface area analysis, Field Emis-
sion Scanning Electron Microscope (FESEM), energy dis-
persive x-ray analysis (EDX), High-Resolution
Transmission Electron Microscopy (HRTEM), x-ray pho-
toelectron spectroscopy (XPS), UV–Visible spectroscopy,
Photoluminescence (PL) spectroscopy, Fourier Transform
Infrared Spectroscopy (FTIR) and Thermogravimetric
analysis (TGA). Further, photocatalytic activity has been
evaluated for the degradation of brilliant green dye in an
aqueous solution and for the degradation of a mixture of
dyes in an aqueous solution. Effect of various parameters
such as concentration of dye, pH of a solution, and cata-
lyst loading on the degradation of brilliant green has
been evaluated.

2 | MATERIAL AND METHOD

2.1 | Synthesis of Mn-doped TiO2
nanoparticles by sol gel method

The Mn-doped TiO2 nanoparticles were prepared by
using sol–gel method. Firstly, 5 ml of titanium isopropox-
ide and 5 ml of glacial acetic acid were taken in a clean
round bottom flask and stirred for 15 min. To this solu-
tion separately prepared solution Tween 80 (0.2 ml) in
10 ml of distilled water was added slowly with constant
stirring for 2 hr. To this resultant solution, 80 ml of dis-
tilled water was added slowly with constant stirring for
2 hr. Further, the stoichiometric amount of manganese
acetate was added to a reaction mixture and stirred for
4 hr. pH of this solution is adjusted to 10 by adding
ammonia solution with constant stirring and further stir-
red for 3 hr at 60�C for removing excess ammonia. The
reaction mixture was cooled to room temperature and
the supernatant liquid has been removed by decantation.
Further, 80 ml of distilled water was added and the mix-
ture was stirred for 3 hr at 60�C. The mixture was
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filtered, washed with ethanol and obtained precipitate
has been dried at 110�C for 12 hr. The obtained powder
was crushed and calcined at 400�C for 5 hr. Light brown
powder of Mn-doped TiO2 nanoparticles has been
formed. By this procedure, 1, 3, and 5 mol% Mn-doped
TiO2 have been synthesized. The same procedure was
adopted for the synthesis of bare TiO2, without the addi-
tion of manganese acetate.

2.2 | Characterization

The XRD spectra of all prepared samples were recorded
by using Regaku diffractometer with Cu Kα (1.5418 Å).
The diffraction data were collected in the 2θ range of 10–
90� at the scanning rate of 2�/min. The crystalline size
has been calculated by the Scherer equation. BET surface
area, pore volume, and pore diameter of the bare TiO2

and 5 mol% Mn-doped TiO2 have been studied by N2

adsorption measurement at �196�C using NOVA touch
4LX, Quntachrome, USA. UV–Vis absorption spectrum
of the prepared catalysts was recorded in the range of
200–800 nm by using ELICO double beam SL210 UV–
visible spectrophotometer. Photoluminescence measure-
ment of all the prepared catalysts has been studied with
330 nm excitation wavelength (at 3.76 eV excitation
energy) using a JASCO spectrofluorometer. FTIR spectra
of the nanoparticles were recorded on Thermo Scientific
Nicolet iS10 in the range of 400–4,000 cm�1 in transmis-
sion mode. High-resolution transmission electron micros-
copy (HRTEM) images of the samples were recorded on a
JEOL JEM 2100 Plus. The FESEM images with EDX were
recorded using Carl Zeiss Supra 55 scanning electron
microscope with a field emission electron gun, to know
the morphology and elemental composition respectively.
XPS measurements of the prepared sample have been
recorded on a Shimadzu (ESCA 3400) spectrometer hav-
ing Mg Kα (1,253.6 eV) radiation as the excitation source.
The TGA data were recorded on Mettler Toledo TGA1
thermogravimetric analyzer; it shows the thermal stabil-
ity of the prepared catalysts.

2.3 | Photocatalytic activity

Photocatalytic degradation of Brilliant green in an aque-
ous solution has been studied by employing Mn-doped
TiO2 catalysts. Further, degradation of a mixture of three
dyes (including brilliant green, rhodamine B, and methy-
lene blue) in an aqueous solution under direct sunlight
has been studied by using the most active 5 mol% Mn-
doped TiO2. Also, the effect of various parameters (such
as pH of the solution, the concentration of the brilliant

green, and catalyst loading) have been examined on
photocatalytic efficiency of 5 mol% Mn-doped TiO2 for
degradation of brilliant green. The pH of the solution was
adjusted by adding an appropriate quantity of 1 N NaOH
and 1 N HCl solutions. In the photocatalytic study, all
the experiments are studied thrice and observed with
almost similar results. The corresponding error bar has
been shown within the figures.

2.3.1 | Photocatalytic degradation of brilliant
green dye

We have prepared a 20 ppm brilliant green dye solution
using distilled water at room temperature. From this pre-
pared stock solution, 200 ml solution has been taken in
the round bottom flask; to this, 100 mg of prepared cata-
lyst has been added. This reaction mixture was stirred for
30 min. in dark to reach adsorption–desorption equilib-
rium. After this, the solution was transferred into the
sunlight. 2 ml sample has been collected after a regular
time interval, centrifuged, and performed UV–Visible
spectral analysis from 200–800 nm wavelength and
absorbance has been recorded for wavelength (λmax)
625 nm for brilliant green.

2.3.2 | Photocatalytic degradation of mixture
of dyes

We have prepared a 20 ppm solution of each dye (bril-
liant green, methylene blue and rhodamine B) using dis-
tilled water. By taking these three solutions in equal
quantity, a 200 ml solution of mixture of brilliant green,

FIGURE 1 XRD pattern of pure TiO2, 1 mol% Mn-doped TiO2,

3 mol% Mn-doped TiO2, and 5 mol% Mn-doped TiO2
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methylene blue and rhodamine B has been prepared.
This prepared solution was taken in round bottom flask
and 100 mg 5 mol% Mn-doped TiO2 catalyst was added.
After 30 min., the reaction mixture was transferred to
direct sunlight, and after regular time interval the sam-
ples were collected. The absorbance of collected samples
was recorded using a UV–visible spectrophotometer at
the range of 200–800 nm wavelength.

3 | RESULT AND DISCUSSION

3.1 | Characterization

3.1.1 | X-ray diffraction study

X-ray diffraction patterns of undoped and Mn-doped
TiO2 nanocatalysts are shown in Figure 1. It is noted that
all the diffraction peaks represented the anatase phase of
TiO2 with a characteristic high-intensity peak at
2θ = 25.20� and other peaks correspond to 2θ values at
37.91, 47.98, 54.05, 55.12, 62.78, 68.94, 70.45 and 75.35�

which can be indexed as (101), (004), (200), (211), (105),
(204), (116), (220) and (215) planes of anatase TiO2

(JCPDS card no.73–1764) respectively. Mostly, the XRD
spectra have not shown any extra peaks corresponding to
Mn. This indicated that the Mn may introduce in to TiO2

lattice as substitution dopant by replacing Ti and O and
not in the interstitial position of the TiO2 lattice.

[32,33]

The crystalline size of all prepared catalysts has been
calculated on the basis of the Scherrer formula. The crys-
talline size of bare TiO2, 1 mol% Mn-doped TiO2, 3 mol%
Mn-doped TiO2, and 5 mol% Mn-doped TiO2 is 9.93, 9.04,

9.03, and 8.94 nm respectively. The Scherrer formula is
as follows:

D¼ kλ
βcosθ

, ð1Þ

where D is the average size of the nanoparticle, λ is the
wavelength, β is the full width at half maximum, and θ is
Bragg's angle.

On the basis of crystalline size, we can say that on an
increase in Mn doping, the size of the nanoparticle
decreases, which results in an increase in the surface area
of the catalyst and ultimately enrichment in photocataly-
tic activity. The structural parameters of pure TiO2 and

TABLE 1 Structural parameters of pure TiO2 and Mn-doped TiO2 nanoparticles

Catalysts Standard d value Observed d value hkl plane

Cell parameters

Crystallite size(nm)a (Å) c (Å) V (Å3)

TiO2 3.52 3.5147 (101) 3.78 9.52 136.02 9.927933

2.37 2.38018 (004)

1.33 1.89052 (220)

1% Mn-TiO2 3.52 3.5201 (101) 3.775 9.4916 135.26 9.036106

2.37 2.3729 (004)

1.33 1.8875 (220)

3% Mn-TiO2 3.52 3.5229 (101) 3.772 9.482 134.90 9.033568

2.37 2.3705 (004)

1.33 1.8860 (220)

5% Mn-TiO2 3.52 3.5215 (101) 3.7854 9.494 136.04 8.944641

2.37 2.3735 (004)

1.33 1.8927 (220)

FIGURE 2 TGA of TiO2 and 5 mol% Mn-doped TiO2
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Mn-doped TiO2 catalysts are shown in Table 1 and it is
well matched with JCPDS 73–1764 data.

3.1.2 | Thermo gravimetric analysis

The thermogravimetric analysis plots of as-prepared pure
TiO2 and 5 mol% Mn-doped TiO2 (before calcination)
have been shown in Figure 2. The weight loss of TiO2

from room temperature to 400�C is due to conversion
from amorphous to crystalline phase.[34] In specific, after
heating over 400�C, we do not observe any other phase
than crystalline anatase TiO2 this is prove on XRD analy-
sis. The Thermo gravimetric analysis of Mn-TiO2 is divid-
ing in to three stages of weight loss. In stage first nearly
19% weight loss observed in between 30 and 180�C is due
to loss of the residual solvent and water. The second

weight loss which is about 12%, observed in between
126 and 380�C is due to loss of organic components.
However, TiO2 has shown less amount of weight loss as
compared to Mn-doped TiO2. Further, both Mn-doped
TiO2 and bare TiO2 has not shown any significant weight
loss after 400�C.

As compared to bare TiO2, Mn-doped TiO2 has shown
an overall 10% higher weight loss. The weight loss indicates
that pure TiO2 has early started to convert into its crystal-
line phase from the amorphous phase, whereas Mn-doped
TiO2 started later to convert into its crystalline form.

3.1.3 | UV–Visible spectroscopy study

The influence of doping on the UV–Vis spectra properties
of the anatase TiO2 is clear from Figure 3. The Mn-doped
TiO2 nanoparticles shows a remarkable change in their
color, which depends on the concentration of dopant, as
concentration of dopant increases color becomes light
brown to light dark brown. From the UV–Vis spectra, the
increase in absorption of Mn-doped TiO2 in visible region
has been observed which is due to their respective energy
levels, the promotion of 3d electrons of doping Mn ions
in to the conduction band of TiO2.

[35–37]

With the increase in doping, we observe that stronger
absorption edges shifted to the right side of the spectrum,
which results in a decrease in the band gap. As the per-
centage of doping increases band gap of prepared cata-
lysts decreases from 3.7 to 3.2 eV. Due to decrease in
band with absorption of lesser amount of energy can pro-
motes electron to conduction band. It increases the
photocatalytic activity of the prepared catalyst. On the

FIGURE 3 (a) UV–Visible absorption spectra; (b) plot of hυ
versus αhυ2 of bare TiO2; and Mn-doped TiO2

FIGURE 4 Photoluminescence spectra of bare TiO2 and Mn-

doped TiO2 nanoparticles
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basis of Figure 3b it is seen that 5 mol% Mn-doped TiO2

has highest photocatalytic activity.

3.1.4 | Photoluminescence spectroscopy
study

An important identifying tool for determining the exis-
tence of defects in a nanomaterial is PL spectroscopy.
The photoluminescence spectra of pure TiO2 and 1, 3,
and 5 mol% Mn-doped TiO2 nanoparticles at room tem-
perature are shown in Figure 4. The PL spectra has been
studied at an excitation wavelength of 330 nm. Two sepa-
rate emission peaks have been identified in the spectra.
The indirect band-to-band transition of TiO2 nanoparti-
cles from their conduction band to their valence band
causes the UV emission.[38] The peak at 415 nm is related
to self-trapped excitons.[38] The 490 nm peak is observed
due to the charge transfer transition from Ti3+ to the
TiO2�

6 octahedra associated with oxygen defects.[39] In
this spectrum there is no additional peak of Mn or shift-
ing of emission peak. On increasing Mn doping, the
intensity of the emission peaks has been reduced. The
oxygen vacancies in pure TiO2 function as luminescence
enhancers and boost emission intensity. The TiO2 lattice
is disturbed, the Ti–O bond is broken, and many oxygen
vacancies are produced when Mn is doped. As the con-
centration of Mn in TiO2 increases, the number of non-
radiative oxygen vacancy centres also increases, nearby
Mn2+. Since there are more oxygen defects available,
lesser photoexcited electrons are available to recombine
with holes because they are entrapped and highly local-
ized in those oxygen vacancies. Presence Mn resemblance
a rise in non-radiative oxygen vacancy centres with

trapped electrons, which causes a subsequent drop in
emission intensity. Further, in addition to the non-
radiative oxygen vacancies, the mobility of the carriers is
another important factor influencing PL intensity. The
mobility of the free carriers is decreased by dopants and
deficiencies in the interior, grain boundary, and surface.
When they get close to charged dopants or oxygen defect
states, the mobile carriers disperse. Reduced mobility will
result in more carriers being separated from one another,
which lowers the intensity of the PL.[40]

3.1.5 | FTIR study

The FTIR spectra of Mn-doped TiO2 nanoparticle is shown
in Figure 5. The stretching and bending vibration of the
hydroxyl group peak at 3282 cm�1 and the stretching vibra-
tion band intensity of Mn-doped TiO2 is greater than pure
TiO2, indicating that TiO2 has stronger absorption with Mn-
doped TiO2.

[41] The absorption band in the prepared mate-
rials at 1625 cm�1 was associated with the stretching of the
C–O–Ti bond. The peak at about 546 cm�1 is due to anatase
TiO2, which represents the bending vibration of Ti–O.

3.1.6 | FESEM and EDX study

The morphology and surface nature of the synthesized
Mn-doped TiO2 nanoparticles were studied by FESEM and
obtained images of all samples are shown in Figure 6. The
FESEM micrograph of all samples has shown the fine-
grown crystals, which were gathered closely with each
other. Further, the EDX analysis shows that obtained sam-
ple has the same elemental composition as per the propor-
tion of precursors taken during the preparation.

3.1.7 | HRTEM study

The structural properties of prepared material Mn-doped
TiO2 nanoparticles have been further investigated by
using HRTEM spectroscopy. The particle size for 5 mol%
Mn-doped TiO2 from the HRTEM images is varying from
4 to 14 nm as shown in Figure 7a. Clear lattice fringes for
Mn-doped TiO2 were obtained and shown in Figure 7b.
Further, the presence of anatase phase of TiO2 has been
confirmed by the crystal lattice fringes having a d value
of 0.352 nm which is corresponding to the spacing of
(101) lattice plane of the anatase TiO2 (JCPDS 73–1764).
Furthermore, the selected area electron diffraction pat-
tern shown in Figure 7c, matches with anatase TiO2 and
the brightness and intensity of polymorphic ring reveals
the well crystalline nature. The average particle size of

FIGURE 5 FTIR study of Mn-doped TiO2 nanoparticles
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the nanoparticles from HRTEM Figure 7d was found to
be 8–10 nm, which is also matched with the XRD results.

3.1.8 | BET surface area analysis

The values of the specific surface area, pore volume, and
pore diameter of pure TiO2 and 5 mol% Mn-doped TiO2

samples were measured using the Brunauer–Emmett–
Teller (BET) equation following the Barrett–Joyner–
Halenda method are summarized in Table 2. The N2

adsorption–desorption for both the photocatalysts was
consistent with Type IV isotherm (Figure 8), which is
representative of mesoporous structures.[42–44] After dop-
ing with manganese, a significant increase in the specific
surface area and pore volume of the samples has been

FIGURE 6 FESEM with EDX of (a) pure TiO2; (b) 1 mol% Mn-doped TiO2; (c) 3 mol% Mn-doped TiO2; and (d) 5 mol% Mn-doped TiO2

nanoparticles
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noticed. The BET surface area of 185.312 and
111.399 m2/g was recorded for 5 mol% Mn-doped TiO2

and bare TiO2 respectively. Moreover, the pore diameter
of pure TiO2 is greater than 5 mol% Mn-doped TiO2 and
the pore volume of TiO2 is less than 5 mol% Mn-doped
TiO2.

3.1.9 | XPS study

An XPS analysis of 5 mol% Mn-doped TiO2 is shown in
the Figure 9, which confirms the basic structure of the
catalyst produced. Figure 9a shows the survey spectra,
which shows the presence of Mn, Ti and O in the sample.
The XPS spectrum of Mn 2p exhibited peaks at 642.2 and
653.8 eV, which were attributed to the Mn 2p3/2 and Mn
2p1/2 levels, respectively, a finding that bears out the
presence of Mn3+ is shown in Figure 9b.[45] From the

FIGURE 7 (a) Average particle size; (b) and (d) HRTEM image of 5 mol% Mn-doped TiO2; and (c) SAED pattern of 5 mol% Mn-doped

TiO2 powder

TABLE 2 BET surface area, pore volume, and pore diameter of bare TiO2 and 5% Mn-doped TiO2 nanoparticles

Sr. no. Catalyst Surface area (m2/g) Pore volume (cm3/g) Pore diameter (nm)

1 TiO2 111.399 0.231848 7.83178

2 5% Mn-TiO2 185.312 0.277406 5.63585

FIGURE 8 N2 adsorption–desorption isotherm (inset, pore size

distribution) of bare TiO2 and 5% Mn-doped TiO2 nanoparticle
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Figure 9c, the XPS spectrum of Ti 2p peaked at 458.5 and
464.3 eV, attributed to the Ti 2p3/2 and Ti 2p1/2 levels,
respectively, confirming the presence of Ti4+. In addition,
the difference between the two energy levels was approxi-
mately 6.0 eV and the 472.1 eV satellite peak is character-
istic of TiO2 compounds. Figure 9d shows O1s XPS
spectrum peak at 529.8 eV, which is corresponds to the
O-(Mn, Ti) lattice oxygen.[46]

3.2 | Photocatalytic degradation of
brilliant green

The photocatalytic activity of synthesized nanoparticles
has been explored for the degradation of brilliant green
dye and a mixture of three dyes, namely methylene blue,
brilliant green, and rhodamine B. Brilliant green is triar-
ylmethane dye having the chemical formula
C27H34N2O4S and molecular weight 475.6 g/mol. It is
used in dilute solution as a topical antiseptic and effective
against gram positive microorganisms.

UV–Visible absorption spectra of degradation study of
BG using 5 mol% Mn-doped TiO2 with respect to irradia-
tion time is shown in Figure 10a. The maximum absorp-
tion peak of brilliant green (BG) dye is at �625 nm
(λmax). As the time increases from 0 to 180 min the peak
intensity decreases gradually, also little shifting of peak
to slightly lower wavelength is observed. The complete
degradation of BG was observed after 180 min by using
this catalyst. The plot of change in concentration of BG
by using all prepared catalysts (such as 5 mol% Mn-doped
TiO2, 3 mol% Mn-doped TiO2, 1 mol% Mn-doped TiO2

and bare TiO2) with respect to irradiation time has been
shown in Figure 10b. The observation of experiment
reveals that the concentration of BG has been nearly con-
stant in the absence of photocatalyst and in the presence
of visible light, suggests the thermodynamic stability of
BG dye. The complete degradation of BG by using 5 mol
% Mn-doped TiO2 nanoparticles has required less time
than that of 3 mol% Mn-doped TiO2, 1 mol% Mn-doped
TiO2 and pure TiO2 nanoparticles. This observation
clearly indicates that the photocatalytic degradation

FIGURE 9 (a) XPS spectra of 5 mol% Mn-doped TiO2, high-resolution spectra of (b) Ce 3d, (c) Ti 2p, and (d) O 1s
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reaction of the Mn-doped TiO2 nanoparticle is highly
dependent upon the amount of Mn introduced into TiO2

and the method used for synthesis of the catalyst prepara-
tion. Moreover, reaction kinetic has been shown in
Figure 10c and results obtained were tabulated in Table 3
for photocatalytic degradation of BG by using prepared
samples. As compared to other prepared catalysts, the
higher rate constant (16.73 � 10�3 min�1) for BG degra-
dation using 5 mol% Mn-TiO2 nanoparticles has been
observed under visible light.

The effect of change in concentration of BG on photo-
catalytic efficiency of 5 mol% Mn-doped TiO2 nanoparti-
cle has been studied by using 10–40 ppm BG solution.
Figure 11a shows that complete degradation has been
achieved for 10 ppm solution in 180 min., whereas
69, 55 and 28% degradation has been achieved of 20, 30,
and 40 ppm solution respectively in same time by using
5 mol% Mn-doped TiO2. Figure 11b shows the plot of d
[BG]/dt versus time, on increasing the concentration of
BG from 10 to 40 ppm, for time intervals of 0–30 min,
30–60 min, 60–90 min, and 90–120 min the change in
concentration initially increases and then decreases. But
for a time interval of 120–150 min, the trend is somewhat
irregular.

The effectiveness of the photodegradation reaction
largely depends upon the pH of the dye solution. The pH
of the BG solution was adjusted using 1 N HCl to make a
solution acidic and 1 N NaOH to make a solution basic.
As shown in Figure 12, the rate of photocatalytic reaction
was found higher in the basic medium (pH 12.0, 9.0) than
that of the acidic medium (pH 5.0, 3.0). The different pH
of the solution can change the surface charge on nano-
particles and, consequently, the potential of photocataly-
tic reactions. The mechanism of photocatalytic
degradation is shown in Equations (2)–(7). The reactive
species could be formed by the reactions shown in Equa-
tions (2)–(6), can be generated at specific potential and
initiate the photocatalytic reaction (Equation 7).[47]

FIGURE 10 (a) UV–Visible spectra of BG at different time

intervals using Mn-doped TiO2 nanoparticle as catalyst, (b) change

in concentration of BG by using different catalysts and without

catalyst with irradiation time, and (c) corresponding graph of

ln(C0/C) of BG versus irradiation time

TABLE 3 Reaction kinetic parameters of photocatalytic

degradation study of BG Mn-TiO2 and bare TiO2 nanoparticles

Catalyst
Initial Conc.
of BG (%)

Final Conc.
of BG (%)

Rate
constant
(min�1)

Blank 100 95.8 0.1 � 10�3

TiO2 100 57.8 5.7 � 10�3

1% Mn-TiO2 100 40.2 8.9 � 10�3

3% Mn-TiO2 100 27.6 12.69 � 10�3

5% Mn-TiO2 100 15.2 16.73 � 10�3
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Formation of HO• is favored under basic condition and it
may help for degradation under basic conditions.

Mn�dopedTiO2þhν!Mn�dopedTiO2 e�þhþ� �
,

ð2Þ

Mn�dopedTiO2 e�ð ÞþO2 !Mn�dopedTiO2þO2
� • ,

ð3Þ

Mn�dopedTiO2 e�ð ÞþO2þHþ

!Mn�dopedTiO2þHO2
• , ð4Þ

Mn�dopedTiO2 hþ� �þH2O
!Mn�dopedTiO2þHþþOH • , ð5Þ

Mn�dopedTiO2 hþ� �þOH�

!Mn�dopedTiO2þOH • , ð6Þ

BGþReactive species O2
� • =OH • =HO2

•ð Þ
!Degradation Products: ð7Þ

Furthermore, the photocatalytic degradation effi-
ciency was evaluated by changing the amount of catalyst,
that is, catalyst loading. Figure 13a shows the change in
concentration of BG with irradiation time for the experi-
ments carried out by using different catalyst loading, that
is, from 0.25 to 1 g/L. The degradation efficiency
increases with increase for catalyst loading. This is due to
the fact that the higher amount of catalyst has higher
active sites on the surface and consequently active sites

FIGURE 11 (a) Plot of percentage degradation of BG with

different concentrations of dye solution by using 5 mol% Mn-doped

TiO2 nanoparticles with irradiation time and (b) corresponding plot

of d[BG]/dt versus time

FIGURE 12 Effect of change in pH of BG dye solution: (a) plot

of (C/C0) versus time and (b) plot of ln(C0/C) versus time by using

5 mol% Mn-doped TiO2 nanoparticles
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are involved for degradation reaction. The plot of ln(C0/
C) against time Figure 13b shows as the loading of cata-
lyst increases it increases the photocatalytic activity.

3.3 | Photocatalytic degradation of the
mixture of dyes (RhB and BG, MB)

As per our photodegradation study of BG dye, it has been
concluded that 5 mol% Mn-doped TiO2 is more efficient
in comparison with other prepared nanoparticles. There-
fore, we have studied the photodegradation of a mixture
of three dyes using 5 mol% Mn-doped TiO2 nanoparticles
and shown in Figure 14. As a representative of industrial
dyestuff, an aqueous solution of a mixture of three dyes,
that is, RhB, BG, and methylene blue (MB) is used. The
control experiment (i.e., without using catalyst) reveals

that the photodegradation of RhB and BG, MB is very
slow under only visible light irradiation. Figure 14 shows
a change in concentration of the mixture of dyes in the
suspension of 5 mol% Mn-doped TiO2 with respect to
irradiation time. Absorption peaks have been observed at
wavelengths �668, �544, and �625 nm, which are char-
acteristic absorption peaks (λmax) of MB, RhB and BG,
respectively. Progress of the photodegradation reaction
has been studied by measuring the absorbance at these
wavelengths. In 300 min. Reaction time, almost complete
degradation of these three dyes has been observed.

FIGURE 13 Effect of change in concentration of BG dye by

using 5 mol% Mn-doped TiO2 nanoparticles: (a) plot of (C/C0)

versus time and (b) plot of ln(C0/C) vs. time

FIGURE 14 UV–Vis spectra of photocatalytic degradation of

mixture of dyes (RhB, BG, and MB)

FIGURE 15 Reusability of catalyst
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4 | REUSABILITY OF CATALYST

Reusability of prepared nanoparticles is one of the most
significant features of catalyst effectiveness over practical
reuses. Therefore, three cycles of photocatalytic degrada-
tion of BG were carried out using 5 mol% Mn-doped TiO2

under direct sun light irradiation and the results obtained
are shown in Figure 15. The almost same activity has been
shown by nanoparticles for three cycles. This also confirms
the stability of the catalyst under the reaction conditions.

5 | CONCLUSIONS

The photo catalytically active Mn-doped TiO2 nanoparti-
cles were successfully synthesized by using sol–gel
method. Among the various nanoparticles, 5 mol% Mn-
doped TiO2 has shown the better efficacy for photodegra-
dation of brilliant green (BG). Further, it has been suc-
cessfully employed for the degradation of mixture of
three dyes namely methylene blue (MB), rhodamine B
(RB) and brilliant green (BG). The analysis of characteri-
zation of the catalysts, it has been confirm that 5 mol%
Mn-doped TiO2 act as a superior catalyst in the photoca-
talytic degradation. However, strong interaction of Mn in
TiO2 has been proved by FTIR. The UV–Visible absorp-
tion study shows that the 5 mol% Mn-doped TiO2 catalyst
has better visible light absorption than other prepared
catalysts. The band gap 3.2, 3.3, 3.4, and 3.7 eV has been
observed for 5 mol% Mn-doped TiO2, 3 mol% Mn-doped
TiO2, 1 mol% Mn-doped TiO2 and pure TiO2 respectively.
Further, TiO2 has shown increased BET surface area on
doping. Prepared catalysts have shown excellent photoca-
talytic activity for degradation of brilliant green dye and
mixture of dyes. The study of different pH of solution, at
basic pH catalyst has shown greater photocatalytic activ-
ity. Also, 5 mol% Mn-TiO2 catalyst has been shown
almost similar efficiency for three cycles. Rate constant of
5 mol% Mn-doped TiO2 catalyst is nearly twice to that of
bare TiO2 for degradation of BG.
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Abstract

The Mn-doped TiO2 nanoparticle photocatalysts have been prepared by a sim-

ple sol–gel method. 1, 3, and 5 mol% Mn-doped TiO2 nanoparticles have been

prepared by using a stoichiometric amount of manganese acetate and titanium

isopropoxide as precursors of Mn and Ti respectively. The physico-chemical

characterization of the prepared samples has been studied by x-ray diffraction

(XRD), Brunauer–Emmett–Teller surface area analysis, field emission scan-

ning electron microscope, energy dispersive x-ray analysis, high-resolution

transmission electron microscopy, x-ray photoelectron spectroscopy,

Ultraviolet–visible spectroscopy, photoluminescence spectroscopy, Fourier

transform infrared spectroscopy (FTIR) and thermogravimetric analysis

(TGA). XRD study reveals the formation of pure anatase phase of TiO2 and

decrease in crystalline size of TiO2 on increasing the Mn doping content. TGA

reveals minimum weight loss in the high-temperature region of 500–1,000�C,
showing the thermal stability of the catalyst. FTIR study shows highly bonding

in metal atoms. These samples have been tested for photocatalytic degradation

of brilliant green dye. 5 mol% Mn-doped TiO2 is having nearly four times more

photocatalytic activity than pure TiO2. In addition, Mn-doped TiO2 has shown

excellent photodegradation of a mixture of three dyes namely, rhodamine B,

brilliant green, and methylene blue.

KEYWORD S

kinetic study, Mn-doped TiO2, nanoparticles, photocatalytic activity, sol–gel method

1 | INTRODUCTION

Various industries such as the manufacture of textile,
paint, leather, pesticides, fertilizers, pharmaceuticals, and
so on are primarily responsible for water pollution. By
means of these industries, various organic pollutants
have been dumped into the water bodies. The aquatic life
and human life may be largely affected by these organic

pollutants, which are exceptionally difficult to be
degraded or eliminated by nature.[1–3] Numerous predict-
able methods such as biological methods, chemical pre-
cipitation, and membrane filtration are suggested for
wastewater treatment, but these methods may not be
greatly possible. However, chemical precipitation causes
several disadvantages, large chemical feeding such as
lime, oxidants, or H2S and physicochemical monitors
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such as pH are essential for the effluent, the excessive
chemical usually causes a secondary pollution issue.
Membrane filtration is an alternative physical method for
wastewater treatment,[4] but its utility is affected by fac-
tors such as particle size, solubility, diffusivity, and
charge.

In several countries, economic growth and industrial
development go hand in hand, for example, textile indus-
tries play an important role in many countries such as
China, Bangladesh, Vietnam, India, Sri Lanka, etc. These
industries use different raw materials such as cotton, syn-
thetic and woolen fibers, and several synthetic and natu-
ral dyes and chemicals. Approximately 10,000 different
synthetic dyes are available in the global market. The
worldwide annual production of these dyes is over
700,000 tons. Nearly 200,000 tons of synthetic dyes are
lost into the environment because of the inefficient dye-
ing process used in textile industries. According to the
World Bank estimation, the textile dyeing and finishing
treatment is having about 17%–20% share of the total
industrial wastewater generated.[4–6]

To tackle water pollution, among the number of pro-
cesses, one of the most effective processes is the use of
heterogeneous photocatalyst.[7–10] The most effective het-
erogeneous photocatalyst is titanium dioxide, because of
its interesting properties such as nontoxicity, low cost,
strong oxidizing power, chemical, and biological inert-
ness, reusability, porosity, phase transformation, crystal-
linity, availability in nano-size and in different
morphology and so on.[11–14] TiO2 has a large band gap of
�3.20 eV, hence it functions effectively under ultraviolet
(UV) light irradiation and limits its applications in direct
sunlight or visible light. Another obstacle is the larger
recombination rate of photo-generated electrons and
holes, which further limits its efficiency.[15] One of the
major challenges is to make an innovative photocatalyst,
which can absorb light in the visible region rather than
the UV region. In this direction, our focus is to prepare a
TiO2 catalyst, which on modification can absorb visible
light rather than UV light, and minimize its band gap.

Enormous research has been carried out during the
last few decades for developing TiO2 catalyst to increase
its activity in the visible region, for the achievement of
higher absorbance of visible light by TiO2. This includes
several methods such as metal and non-metal ion doping
and surface sensitization of TiO2 coupling which helps in
narrowing the band gap.[16–19] In literature, the number
of transition metals such as V, Cr, Fe, Mg, Co, Zn, and
Mo has been used as a dopant in TiO2, which results in
the enhanced photocatalytic activity of TiO2.

[20–24]

Among these, Mn is one of the effective doping elements,
which results in the red shift in absorption wavelength
due to the contraction in the band gap via the formation

of new energy levels in between the Ti 3d states of the
conduction band and the O 2p states of the valence
band.[25] Zhang et al. reported the synthesis of MnO2-
doped anatase TiO2 nanoparticles, which showed higher
photocatalytic activity than Degussa P25.[26] Li et al. syn-
thesized visible light active Mn-TiO2 photocatalyst with
controlled size for degradation of Rhodamine B (RhB).[27]

Further, Mn-TiO2 has been reported for the degradation
of NO and acetaldehyde under visible irradiation.[28–32]

In view of these results, there is a scope to develop a new
method for the synthesis of Mn-doped TiO2.

In this study, we have synthesized Mn-doped TiO2

catalysts by the low-temperature sol–gel method. Pre-
pared materials have been characterized by several tech-
niques such as x-ray diffraction (XRD), Brunauer–
Emmett–Teller (BET) surface area analysis, Field Emis-
sion Scanning Electron Microscope (FESEM), energy dis-
persive x-ray analysis (EDX), High-Resolution
Transmission Electron Microscopy (HRTEM), x-ray pho-
toelectron spectroscopy (XPS), UV–Visible spectroscopy,
Photoluminescence (PL) spectroscopy, Fourier Transform
Infrared Spectroscopy (FTIR) and Thermogravimetric
analysis (TGA). Further, photocatalytic activity has been
evaluated for the degradation of brilliant green dye in an
aqueous solution and for the degradation of a mixture of
dyes in an aqueous solution. Effect of various parameters
such as concentration of dye, pH of a solution, and cata-
lyst loading on the degradation of brilliant green has
been evaluated.

2 | MATERIAL AND METHOD

2.1 | Synthesis of Mn-doped TiO2
nanoparticles by sol gel method

The Mn-doped TiO2 nanoparticles were prepared by
using sol–gel method. Firstly, 5 ml of titanium isopropox-
ide and 5 ml of glacial acetic acid were taken in a clean
round bottom flask and stirred for 15 min. To this solu-
tion separately prepared solution Tween 80 (0.2 ml) in
10 ml of distilled water was added slowly with constant
stirring for 2 hr. To this resultant solution, 80 ml of dis-
tilled water was added slowly with constant stirring for
2 hr. Further, the stoichiometric amount of manganese
acetate was added to a reaction mixture and stirred for
4 hr. pH of this solution is adjusted to 10 by adding
ammonia solution with constant stirring and further stir-
red for 3 hr at 60�C for removing excess ammonia. The
reaction mixture was cooled to room temperature and
the supernatant liquid has been removed by decantation.
Further, 80 ml of distilled water was added and the mix-
ture was stirred for 3 hr at 60�C. The mixture was
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filtered, washed with ethanol and obtained precipitate
has been dried at 110�C for 12 hr. The obtained powder
was crushed and calcined at 400�C for 5 hr. Light brown
powder of Mn-doped TiO2 nanoparticles has been
formed. By this procedure, 1, 3, and 5 mol% Mn-doped
TiO2 have been synthesized. The same procedure was
adopted for the synthesis of bare TiO2, without the addi-
tion of manganese acetate.

2.2 | Characterization

The XRD spectra of all prepared samples were recorded
by using Regaku diffractometer with Cu Kα (1.5418 Å).
The diffraction data were collected in the 2θ range of 10–
90� at the scanning rate of 2�/min. The crystalline size
has been calculated by the Scherer equation. BET surface
area, pore volume, and pore diameter of the bare TiO2

and 5 mol% Mn-doped TiO2 have been studied by N2

adsorption measurement at �196�C using NOVA touch
4LX, Quntachrome, USA. UV–Vis absorption spectrum
of the prepared catalysts was recorded in the range of
200–800 nm by using ELICO double beam SL210 UV–
visible spectrophotometer. Photoluminescence measure-
ment of all the prepared catalysts has been studied with
330 nm excitation wavelength (at 3.76 eV excitation
energy) using a JASCO spectrofluorometer. FTIR spectra
of the nanoparticles were recorded on Thermo Scientific
Nicolet iS10 in the range of 400–4,000 cm�1 in transmis-
sion mode. High-resolution transmission electron micros-
copy (HRTEM) images of the samples were recorded on a
JEOL JEM 2100 Plus. The FESEM images with EDX were
recorded using Carl Zeiss Supra 55 scanning electron
microscope with a field emission electron gun, to know
the morphology and elemental composition respectively.
XPS measurements of the prepared sample have been
recorded on a Shimadzu (ESCA 3400) spectrometer hav-
ing Mg Kα (1,253.6 eV) radiation as the excitation source.
The TGA data were recorded on Mettler Toledo TGA1
thermogravimetric analyzer; it shows the thermal stabil-
ity of the prepared catalysts.

2.3 | Photocatalytic activity

Photocatalytic degradation of Brilliant green in an aque-
ous solution has been studied by employing Mn-doped
TiO2 catalysts. Further, degradation of a mixture of three
dyes (including brilliant green, rhodamine B, and methy-
lene blue) in an aqueous solution under direct sunlight
has been studied by using the most active 5 mol% Mn-
doped TiO2. Also, the effect of various parameters (such
as pH of the solution, the concentration of the brilliant

green, and catalyst loading) have been examined on
photocatalytic efficiency of 5 mol% Mn-doped TiO2 for
degradation of brilliant green. The pH of the solution was
adjusted by adding an appropriate quantity of 1 N NaOH
and 1 N HCl solutions. In the photocatalytic study, all
the experiments are studied thrice and observed with
almost similar results. The corresponding error bar has
been shown within the figures.

2.3.1 | Photocatalytic degradation of brilliant
green dye

We have prepared a 20 ppm brilliant green dye solution
using distilled water at room temperature. From this pre-
pared stock solution, 200 ml solution has been taken in
the round bottom flask; to this, 100 mg of prepared cata-
lyst has been added. This reaction mixture was stirred for
30 min. in dark to reach adsorption–desorption equilib-
rium. After this, the solution was transferred into the
sunlight. 2 ml sample has been collected after a regular
time interval, centrifuged, and performed UV–Visible
spectral analysis from 200–800 nm wavelength and
absorbance has been recorded for wavelength (λmax)
625 nm for brilliant green.

2.3.2 | Photocatalytic degradation of mixture
of dyes

We have prepared a 20 ppm solution of each dye (bril-
liant green, methylene blue and rhodamine B) using dis-
tilled water. By taking these three solutions in equal
quantity, a 200 ml solution of mixture of brilliant green,

FIGURE 1 XRD pattern of pure TiO2, 1 mol% Mn-doped TiO2,

3 mol% Mn-doped TiO2, and 5 mol% Mn-doped TiO2
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methylene blue and rhodamine B has been prepared.
This prepared solution was taken in round bottom flask
and 100 mg 5 mol% Mn-doped TiO2 catalyst was added.
After 30 min., the reaction mixture was transferred to
direct sunlight, and after regular time interval the sam-
ples were collected. The absorbance of collected samples
was recorded using a UV–visible spectrophotometer at
the range of 200–800 nm wavelength.

3 | RESULT AND DISCUSSION

3.1 | Characterization

3.1.1 | X-ray diffraction study

X-ray diffraction patterns of undoped and Mn-doped
TiO2 nanocatalysts are shown in Figure 1. It is noted that
all the diffraction peaks represented the anatase phase of
TiO2 with a characteristic high-intensity peak at
2θ = 25.20� and other peaks correspond to 2θ values at
37.91, 47.98, 54.05, 55.12, 62.78, 68.94, 70.45 and 75.35�

which can be indexed as (101), (004), (200), (211), (105),
(204), (116), (220) and (215) planes of anatase TiO2

(JCPDS card no.73–1764) respectively. Mostly, the XRD
spectra have not shown any extra peaks corresponding to
Mn. This indicated that the Mn may introduce in to TiO2

lattice as substitution dopant by replacing Ti and O and
not in the interstitial position of the TiO2 lattice.

[32,33]

The crystalline size of all prepared catalysts has been
calculated on the basis of the Scherrer formula. The crys-
talline size of bare TiO2, 1 mol% Mn-doped TiO2, 3 mol%
Mn-doped TiO2, and 5 mol% Mn-doped TiO2 is 9.93, 9.04,

9.03, and 8.94 nm respectively. The Scherrer formula is
as follows:

D¼ kλ
βcosθ

, ð1Þ

where D is the average size of the nanoparticle, λ is the
wavelength, β is the full width at half maximum, and θ is
Bragg's angle.

On the basis of crystalline size, we can say that on an
increase in Mn doping, the size of the nanoparticle
decreases, which results in an increase in the surface area
of the catalyst and ultimately enrichment in photocataly-
tic activity. The structural parameters of pure TiO2 and

TABLE 1 Structural parameters of pure TiO2 and Mn-doped TiO2 nanoparticles

Catalysts Standard d value Observed d value hkl plane

Cell parameters

Crystallite size(nm)a (Å) c (Å) V (Å3)

TiO2 3.52 3.5147 (101) 3.78 9.52 136.02 9.927933

2.37 2.38018 (004)

1.33 1.89052 (220)

1% Mn-TiO2 3.52 3.5201 (101) 3.775 9.4916 135.26 9.036106

2.37 2.3729 (004)

1.33 1.8875 (220)

3% Mn-TiO2 3.52 3.5229 (101) 3.772 9.482 134.90 9.033568

2.37 2.3705 (004)

1.33 1.8860 (220)

5% Mn-TiO2 3.52 3.5215 (101) 3.7854 9.494 136.04 8.944641

2.37 2.3735 (004)

1.33 1.8927 (220)

FIGURE 2 TGA of TiO2 and 5 mol% Mn-doped TiO2
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Mn-doped TiO2 catalysts are shown in Table 1 and it is
well matched with JCPDS 73–1764 data.

3.1.2 | Thermo gravimetric analysis

The thermogravimetric analysis plots of as-prepared pure
TiO2 and 5 mol% Mn-doped TiO2 (before calcination)
have been shown in Figure 2. The weight loss of TiO2

from room temperature to 400�C is due to conversion
from amorphous to crystalline phase.[34] In specific, after
heating over 400�C, we do not observe any other phase
than crystalline anatase TiO2 this is prove on XRD analy-
sis. The Thermo gravimetric analysis of Mn-TiO2 is divid-
ing in to three stages of weight loss. In stage first nearly
19% weight loss observed in between 30 and 180�C is due
to loss of the residual solvent and water. The second

weight loss which is about 12%, observed in between
126 and 380�C is due to loss of organic components.
However, TiO2 has shown less amount of weight loss as
compared to Mn-doped TiO2. Further, both Mn-doped
TiO2 and bare TiO2 has not shown any significant weight
loss after 400�C.

As compared to bare TiO2, Mn-doped TiO2 has shown
an overall 10% higher weight loss. The weight loss indicates
that pure TiO2 has early started to convert into its crystal-
line phase from the amorphous phase, whereas Mn-doped
TiO2 started later to convert into its crystalline form.

3.1.3 | UV–Visible spectroscopy study

The influence of doping on the UV–Vis spectra properties
of the anatase TiO2 is clear from Figure 3. The Mn-doped
TiO2 nanoparticles shows a remarkable change in their
color, which depends on the concentration of dopant, as
concentration of dopant increases color becomes light
brown to light dark brown. From the UV–Vis spectra, the
increase in absorption of Mn-doped TiO2 in visible region
has been observed which is due to their respective energy
levels, the promotion of 3d electrons of doping Mn ions
in to the conduction band of TiO2.

[35–37]

With the increase in doping, we observe that stronger
absorption edges shifted to the right side of the spectrum,
which results in a decrease in the band gap. As the per-
centage of doping increases band gap of prepared cata-
lysts decreases from 3.7 to 3.2 eV. Due to decrease in
band with absorption of lesser amount of energy can pro-
motes electron to conduction band. It increases the
photocatalytic activity of the prepared catalyst. On the

FIGURE 3 (a) UV–Visible absorption spectra; (b) plot of hυ
versus αhυ2 of bare TiO2; and Mn-doped TiO2

FIGURE 4 Photoluminescence spectra of bare TiO2 and Mn-

doped TiO2 nanoparticles
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basis of Figure 3b it is seen that 5 mol% Mn-doped TiO2

has highest photocatalytic activity.

3.1.4 | Photoluminescence spectroscopy
study

An important identifying tool for determining the exis-
tence of defects in a nanomaterial is PL spectroscopy.
The photoluminescence spectra of pure TiO2 and 1, 3,
and 5 mol% Mn-doped TiO2 nanoparticles at room tem-
perature are shown in Figure 4. The PL spectra has been
studied at an excitation wavelength of 330 nm. Two sepa-
rate emission peaks have been identified in the spectra.
The indirect band-to-band transition of TiO2 nanoparti-
cles from their conduction band to their valence band
causes the UV emission.[38] The peak at 415 nm is related
to self-trapped excitons.[38] The 490 nm peak is observed
due to the charge transfer transition from Ti3+ to the
TiO2�

6 octahedra associated with oxygen defects.[39] In
this spectrum there is no additional peak of Mn or shift-
ing of emission peak. On increasing Mn doping, the
intensity of the emission peaks has been reduced. The
oxygen vacancies in pure TiO2 function as luminescence
enhancers and boost emission intensity. The TiO2 lattice
is disturbed, the Ti–O bond is broken, and many oxygen
vacancies are produced when Mn is doped. As the con-
centration of Mn in TiO2 increases, the number of non-
radiative oxygen vacancy centres also increases, nearby
Mn2+. Since there are more oxygen defects available,
lesser photoexcited electrons are available to recombine
with holes because they are entrapped and highly local-
ized in those oxygen vacancies. Presence Mn resemblance
a rise in non-radiative oxygen vacancy centres with

trapped electrons, which causes a subsequent drop in
emission intensity. Further, in addition to the non-
radiative oxygen vacancies, the mobility of the carriers is
another important factor influencing PL intensity. The
mobility of the free carriers is decreased by dopants and
deficiencies in the interior, grain boundary, and surface.
When they get close to charged dopants or oxygen defect
states, the mobile carriers disperse. Reduced mobility will
result in more carriers being separated from one another,
which lowers the intensity of the PL.[40]

3.1.5 | FTIR study

The FTIR spectra of Mn-doped TiO2 nanoparticle is shown
in Figure 5. The stretching and bending vibration of the
hydroxyl group peak at 3282 cm�1 and the stretching vibra-
tion band intensity of Mn-doped TiO2 is greater than pure
TiO2, indicating that TiO2 has stronger absorption with Mn-
doped TiO2.

[41] The absorption band in the prepared mate-
rials at 1625 cm�1 was associated with the stretching of the
C–O–Ti bond. The peak at about 546 cm�1 is due to anatase
TiO2, which represents the bending vibration of Ti–O.

3.1.6 | FESEM and EDX study

The morphology and surface nature of the synthesized
Mn-doped TiO2 nanoparticles were studied by FESEM and
obtained images of all samples are shown in Figure 6. The
FESEM micrograph of all samples has shown the fine-
grown crystals, which were gathered closely with each
other. Further, the EDX analysis shows that obtained sam-
ple has the same elemental composition as per the propor-
tion of precursors taken during the preparation.

3.1.7 | HRTEM study

The structural properties of prepared material Mn-doped
TiO2 nanoparticles have been further investigated by
using HRTEM spectroscopy. The particle size for 5 mol%
Mn-doped TiO2 from the HRTEM images is varying from
4 to 14 nm as shown in Figure 7a. Clear lattice fringes for
Mn-doped TiO2 were obtained and shown in Figure 7b.
Further, the presence of anatase phase of TiO2 has been
confirmed by the crystal lattice fringes having a d value
of 0.352 nm which is corresponding to the spacing of
(101) lattice plane of the anatase TiO2 (JCPDS 73–1764).
Furthermore, the selected area electron diffraction pat-
tern shown in Figure 7c, matches with anatase TiO2 and
the brightness and intensity of polymorphic ring reveals
the well crystalline nature. The average particle size of

FIGURE 5 FTIR study of Mn-doped TiO2 nanoparticles
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the nanoparticles from HRTEM Figure 7d was found to
be 8–10 nm, which is also matched with the XRD results.

3.1.8 | BET surface area analysis

The values of the specific surface area, pore volume, and
pore diameter of pure TiO2 and 5 mol% Mn-doped TiO2

samples were measured using the Brunauer–Emmett–
Teller (BET) equation following the Barrett–Joyner–
Halenda method are summarized in Table 2. The N2

adsorption–desorption for both the photocatalysts was
consistent with Type IV isotherm (Figure 8), which is
representative of mesoporous structures.[42–44] After dop-
ing with manganese, a significant increase in the specific
surface area and pore volume of the samples has been

FIGURE 6 FESEM with EDX of (a) pure TiO2; (b) 1 mol% Mn-doped TiO2; (c) 3 mol% Mn-doped TiO2; and (d) 5 mol% Mn-doped TiO2

nanoparticles
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noticed. The BET surface area of 185.312 and
111.399 m2/g was recorded for 5 mol% Mn-doped TiO2

and bare TiO2 respectively. Moreover, the pore diameter
of pure TiO2 is greater than 5 mol% Mn-doped TiO2 and
the pore volume of TiO2 is less than 5 mol% Mn-doped
TiO2.

3.1.9 | XPS study

An XPS analysis of 5 mol% Mn-doped TiO2 is shown in
the Figure 9, which confirms the basic structure of the
catalyst produced. Figure 9a shows the survey spectra,
which shows the presence of Mn, Ti and O in the sample.
The XPS spectrum of Mn 2p exhibited peaks at 642.2 and
653.8 eV, which were attributed to the Mn 2p3/2 and Mn
2p1/2 levels, respectively, a finding that bears out the
presence of Mn3+ is shown in Figure 9b.[45] From the

FIGURE 7 (a) Average particle size; (b) and (d) HRTEM image of 5 mol% Mn-doped TiO2; and (c) SAED pattern of 5 mol% Mn-doped

TiO2 powder

TABLE 2 BET surface area, pore volume, and pore diameter of bare TiO2 and 5% Mn-doped TiO2 nanoparticles

Sr. no. Catalyst Surface area (m2/g) Pore volume (cm3/g) Pore diameter (nm)

1 TiO2 111.399 0.231848 7.83178

2 5% Mn-TiO2 185.312 0.277406 5.63585

FIGURE 8 N2 adsorption–desorption isotherm (inset, pore size

distribution) of bare TiO2 and 5% Mn-doped TiO2 nanoparticle
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Figure 9c, the XPS spectrum of Ti 2p peaked at 458.5 and
464.3 eV, attributed to the Ti 2p3/2 and Ti 2p1/2 levels,
respectively, confirming the presence of Ti4+. In addition,
the difference between the two energy levels was approxi-
mately 6.0 eV and the 472.1 eV satellite peak is character-
istic of TiO2 compounds. Figure 9d shows O1s XPS
spectrum peak at 529.8 eV, which is corresponds to the
O-(Mn, Ti) lattice oxygen.[46]

3.2 | Photocatalytic degradation of
brilliant green

The photocatalytic activity of synthesized nanoparticles
has been explored for the degradation of brilliant green
dye and a mixture of three dyes, namely methylene blue,
brilliant green, and rhodamine B. Brilliant green is triar-
ylmethane dye having the chemical formula
C27H34N2O4S and molecular weight 475.6 g/mol. It is
used in dilute solution as a topical antiseptic and effective
against gram positive microorganisms.

UV–Visible absorption spectra of degradation study of
BG using 5 mol% Mn-doped TiO2 with respect to irradia-
tion time is shown in Figure 10a. The maximum absorp-
tion peak of brilliant green (BG) dye is at �625 nm
(λmax). As the time increases from 0 to 180 min the peak
intensity decreases gradually, also little shifting of peak
to slightly lower wavelength is observed. The complete
degradation of BG was observed after 180 min by using
this catalyst. The plot of change in concentration of BG
by using all prepared catalysts (such as 5 mol% Mn-doped
TiO2, 3 mol% Mn-doped TiO2, 1 mol% Mn-doped TiO2

and bare TiO2) with respect to irradiation time has been
shown in Figure 10b. The observation of experiment
reveals that the concentration of BG has been nearly con-
stant in the absence of photocatalyst and in the presence
of visible light, suggests the thermodynamic stability of
BG dye. The complete degradation of BG by using 5 mol
% Mn-doped TiO2 nanoparticles has required less time
than that of 3 mol% Mn-doped TiO2, 1 mol% Mn-doped
TiO2 and pure TiO2 nanoparticles. This observation
clearly indicates that the photocatalytic degradation

FIGURE 9 (a) XPS spectra of 5 mol% Mn-doped TiO2, high-resolution spectra of (b) Ce 3d, (c) Ti 2p, and (d) O 1s
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reaction of the Mn-doped TiO2 nanoparticle is highly
dependent upon the amount of Mn introduced into TiO2

and the method used for synthesis of the catalyst prepara-
tion. Moreover, reaction kinetic has been shown in
Figure 10c and results obtained were tabulated in Table 3
for photocatalytic degradation of BG by using prepared
samples. As compared to other prepared catalysts, the
higher rate constant (16.73 � 10�3 min�1) for BG degra-
dation using 5 mol% Mn-TiO2 nanoparticles has been
observed under visible light.

The effect of change in concentration of BG on photo-
catalytic efficiency of 5 mol% Mn-doped TiO2 nanoparti-
cle has been studied by using 10–40 ppm BG solution.
Figure 11a shows that complete degradation has been
achieved for 10 ppm solution in 180 min., whereas
69, 55 and 28% degradation has been achieved of 20, 30,
and 40 ppm solution respectively in same time by using
5 mol% Mn-doped TiO2. Figure 11b shows the plot of d
[BG]/dt versus time, on increasing the concentration of
BG from 10 to 40 ppm, for time intervals of 0–30 min,
30–60 min, 60–90 min, and 90–120 min the change in
concentration initially increases and then decreases. But
for a time interval of 120–150 min, the trend is somewhat
irregular.

The effectiveness of the photodegradation reaction
largely depends upon the pH of the dye solution. The pH
of the BG solution was adjusted using 1 N HCl to make a
solution acidic and 1 N NaOH to make a solution basic.
As shown in Figure 12, the rate of photocatalytic reaction
was found higher in the basic medium (pH 12.0, 9.0) than
that of the acidic medium (pH 5.0, 3.0). The different pH
of the solution can change the surface charge on nano-
particles and, consequently, the potential of photocataly-
tic reactions. The mechanism of photocatalytic
degradation is shown in Equations (2)–(7). The reactive
species could be formed by the reactions shown in Equa-
tions (2)–(6), can be generated at specific potential and
initiate the photocatalytic reaction (Equation 7).[47]

FIGURE 10 (a) UV–Visible spectra of BG at different time

intervals using Mn-doped TiO2 nanoparticle as catalyst, (b) change

in concentration of BG by using different catalysts and without

catalyst with irradiation time, and (c) corresponding graph of

ln(C0/C) of BG versus irradiation time

TABLE 3 Reaction kinetic parameters of photocatalytic

degradation study of BG Mn-TiO2 and bare TiO2 nanoparticles

Catalyst
Initial Conc.
of BG (%)

Final Conc.
of BG (%)

Rate
constant
(min�1)

Blank 100 95.8 0.1 � 10�3

TiO2 100 57.8 5.7 � 10�3

1% Mn-TiO2 100 40.2 8.9 � 10�3

3% Mn-TiO2 100 27.6 12.69 � 10�3

5% Mn-TiO2 100 15.2 16.73 � 10�3
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Formation of HO• is favored under basic condition and it
may help for degradation under basic conditions.

Mn�dopedTiO2þhν!Mn�dopedTiO2 e�þhþ� �
,

ð2Þ

Mn�dopedTiO2 e�ð ÞþO2 !Mn�dopedTiO2þO2
� • ,

ð3Þ

Mn�dopedTiO2 e�ð ÞþO2þHþ

!Mn�dopedTiO2þHO2
• , ð4Þ

Mn�dopedTiO2 hþ� �þH2O
!Mn�dopedTiO2þHþþOH • , ð5Þ

Mn�dopedTiO2 hþ� �þOH�

!Mn�dopedTiO2þOH • , ð6Þ

BGþReactive species O2
� • =OH • =HO2

•ð Þ
!Degradation Products: ð7Þ

Furthermore, the photocatalytic degradation effi-
ciency was evaluated by changing the amount of catalyst,
that is, catalyst loading. Figure 13a shows the change in
concentration of BG with irradiation time for the experi-
ments carried out by using different catalyst loading, that
is, from 0.25 to 1 g/L. The degradation efficiency
increases with increase for catalyst loading. This is due to
the fact that the higher amount of catalyst has higher
active sites on the surface and consequently active sites

FIGURE 11 (a) Plot of percentage degradation of BG with

different concentrations of dye solution by using 5 mol% Mn-doped

TiO2 nanoparticles with irradiation time and (b) corresponding plot

of d[BG]/dt versus time

FIGURE 12 Effect of change in pH of BG dye solution: (a) plot

of (C/C0) versus time and (b) plot of ln(C0/C) versus time by using

5 mol% Mn-doped TiO2 nanoparticles
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are involved for degradation reaction. The plot of ln(C0/
C) against time Figure 13b shows as the loading of cata-
lyst increases it increases the photocatalytic activity.

3.3 | Photocatalytic degradation of the
mixture of dyes (RhB and BG, MB)

As per our photodegradation study of BG dye, it has been
concluded that 5 mol% Mn-doped TiO2 is more efficient
in comparison with other prepared nanoparticles. There-
fore, we have studied the photodegradation of a mixture
of three dyes using 5 mol% Mn-doped TiO2 nanoparticles
and shown in Figure 14. As a representative of industrial
dyestuff, an aqueous solution of a mixture of three dyes,
that is, RhB, BG, and methylene blue (MB) is used. The
control experiment (i.e., without using catalyst) reveals

that the photodegradation of RhB and BG, MB is very
slow under only visible light irradiation. Figure 14 shows
a change in concentration of the mixture of dyes in the
suspension of 5 mol% Mn-doped TiO2 with respect to
irradiation time. Absorption peaks have been observed at
wavelengths �668, �544, and �625 nm, which are char-
acteristic absorption peaks (λmax) of MB, RhB and BG,
respectively. Progress of the photodegradation reaction
has been studied by measuring the absorbance at these
wavelengths. In 300 min. Reaction time, almost complete
degradation of these three dyes has been observed.

FIGURE 13 Effect of change in concentration of BG dye by

using 5 mol% Mn-doped TiO2 nanoparticles: (a) plot of (C/C0)

versus time and (b) plot of ln(C0/C) vs. time

FIGURE 14 UV–Vis spectra of photocatalytic degradation of

mixture of dyes (RhB, BG, and MB)

FIGURE 15 Reusability of catalyst
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4 | REUSABILITY OF CATALYST

Reusability of prepared nanoparticles is one of the most
significant features of catalyst effectiveness over practical
reuses. Therefore, three cycles of photocatalytic degrada-
tion of BG were carried out using 5 mol% Mn-doped TiO2

under direct sun light irradiation and the results obtained
are shown in Figure 15. The almost same activity has been
shown by nanoparticles for three cycles. This also confirms
the stability of the catalyst under the reaction conditions.

5 | CONCLUSIONS

The photo catalytically active Mn-doped TiO2 nanoparti-
cles were successfully synthesized by using sol–gel
method. Among the various nanoparticles, 5 mol% Mn-
doped TiO2 has shown the better efficacy for photodegra-
dation of brilliant green (BG). Further, it has been suc-
cessfully employed for the degradation of mixture of
three dyes namely methylene blue (MB), rhodamine B
(RB) and brilliant green (BG). The analysis of characteri-
zation of the catalysts, it has been confirm that 5 mol%
Mn-doped TiO2 act as a superior catalyst in the photoca-
talytic degradation. However, strong interaction of Mn in
TiO2 has been proved by FTIR. The UV–Visible absorp-
tion study shows that the 5 mol% Mn-doped TiO2 catalyst
has better visible light absorption than other prepared
catalysts. The band gap 3.2, 3.3, 3.4, and 3.7 eV has been
observed for 5 mol% Mn-doped TiO2, 3 mol% Mn-doped
TiO2, 1 mol% Mn-doped TiO2 and pure TiO2 respectively.
Further, TiO2 has shown increased BET surface area on
doping. Prepared catalysts have shown excellent photoca-
talytic activity for degradation of brilliant green dye and
mixture of dyes. The study of different pH of solution, at
basic pH catalyst has shown greater photocatalytic activ-
ity. Also, 5 mol% Mn-TiO2 catalyst has been shown
almost similar efficiency for three cycles. Rate constant of
5 mol% Mn-doped TiO2 catalyst is nearly twice to that of
bare TiO2 for degradation of BG.
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Abstract. A convenient method for synthesis of quinoxaline has been accomplished by cyclo condensation

of substituted phenacyl bromides with o-phenylenediamines in ZnFe2O4 as a bimetallic and eco-friendly

catalyst. The auxiliary benefits of the current protocol include short reaction time, mild reaction conditions,

reusability of catalyst, ambient temperature, a wide substrate scope, a simple work-up procedure, good yields,

and no chromatographic separation. Similarly, it was observed that under these reaction conditions, we had

achieved all the above-mentioned benefits easily as compared to already known methods for the synthesis of

quinoxalines. Therefore, this methodological approach will generate new pathways to synthesize the

derivatives of quinoxalines on the industrial scale too.

Keywords. ZnFe2O4; Quinoxaline; Bimetallic catalyst; Green synthesis.

1. Introduction

Nowadays, the development of eco-friendly method-

ology in the field of synthetic organic chemistry

prompts the synthesis of various heterocyclic scaffolds

due to their prominent biological activities and

importance in medicinal chemistry. The chemistry and

applications of quinoxaline derivatives have recently

attracted a lot of attention due to their uses as synthetic

intermediates and their biological importance as

antiviral,1 anti-HIV,2 antibacterial,3 anticancer,4 sens-

ing of ions,5,6 and kinase inhibition,7 etc.

As illustrated in Figure 1, the quinoxaline ring

scaffold was present as a major structural motif in

many medicinal compounds such as chloroquinoxa-

line, quinacillin, levomycin, actinomycin varencline,

clofazimine, echinomycin, brimonidine, and sulpho-

namide. Derivatives of quinoxalines also have a vari-

ety of uses in electroluminescent materials,8 organic

semiconductors,9 dyes,10 and chemically controlled

switches.11 Considering the importance of quinoxa-

line, we have planned for the synthesis of quinoxaline

using a green technique.

Green synthesis has turned into an important

method for expediting drug discovery and develop-

ment procedures. Another goal of the green chemistry

protocol is to develop sustainable chemical transfor-

mations using heterogeneous catalyst reactions.12

Heterogeneous catalysis is preferred in industrial

processes over homogeneous catalysis because pro-

duct extraction and catalyst recovery are simpler in

heterogeneous catalysis.13 Based on green chemistry,

developing innovative methodologies for compara-

tively nontoxic and recyclable catalysts that reduce the

amount of energy and time needed to achieve sepa-

ration can result in considerable economic and envi-

ronmental advantages. Hence, the well-known

chemical and biological significance of quinoxalines
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has attracted organic chemists to develop an ideal

method for synthesizing quinoxalines and their

derivatives.

Because of the importance of these molecules, many

catalysts for the synthesis of quinoxaline have been

described, including citric acid,14 hypervalent iodine

(III) in PEG-400,15 alumina-supported heteropolyox-

ometalates,16 CAN,17 Ga(ClO4)3,
18 TMSCl,19

Amberlite IR-120H,20 DABCO,21 Miceller SDS,22

Catalyst free approach,23 Phosphomolybdic acids,24

Co(OAc)2-Phen/Carbon-800,
25 Cu-Al catalysts,26

Fe3O4@APTES@MOF-199,27 Ni-Nanoparticles,28

Co-Nanoparticles,29 ZrO2-Al2O3,
30 SO4

2-/ZrO2-

TiO2,
31 Ruthenium-p-cymene complexes,32 Perlite–

SO3H nanoparticles,33 Mn/Al2O3,
34 g-C3N4/Ni

Nanocomposite,35 Cobalt complex,36 AuCNT,37 and

Camphor sulfonic acid,38 etc.

However, the described processes had one or more

kind of drawbacks, such as Amberlite IR-120H,20

Phosphomolybdic acid,24 ZrO2-Al2O3,
30 Rutile phase

nano TiO2
31 catalyzed reactions required high tem-

perature, the Co(OAc)2-Phen/Carbon-800
25 and

Cobalt complex36 required longer reaction time while

in AuCNT37 catalyst used gold is very costly, and

DABCO21 catalyst is non-recyclable. Considering

above mentioned drawbacks, there is still a need to

design an appropriate environmentally benign syn-

thetic protocol.

Zinc Ferrite (ZnFe2O4) is a bimetallic heteroge-

neous and very stable catalyst in which the counter

anionic O2- and the Fe3? cation, respectively, operate

as Lewis base and Lewis acid.39 Additionally, the

catalyst can be easily recovered from the reaction

mixture and reused, making the method more cost-

effective. The use of ZnFe2O4 nanoparticles in the

synthesis of quinoxaline is described in this work.

By considering all the above aspects regarding

synthetic methods, we have reported an effective

and convenient process for synthesizing quinoxali-

nes by condensation of phenacyl bromides with

o-phenylenediamine utilizing ZnFe2O4 nanoparticles

as a green and recyclable heterogeneous catalyst.

2. Experimental

2.1 General experimental procedure
for the synthesis of quinoxalines

10 mol% of ZnFe2O4 catalyst was added to a mixture

of an o-phenylenediamine (1 mmol) and phenacyl

bromide (1 mmol) in DMF (5 mL), and then the

reaction mixture was stirred at room temperature. The

progress of the reaction was monitored by thin-layer

chromatography. After completion of the reaction, the

reaction mixture was diluted with ethyl acetate

(10 mL) and the catalyst was recovered by simple

filtration. The crude product was purified by crystal-

lization using ethanol to afford the pure quinoxaline.

The melting points of the obtained products (3a-p) in
this study were in good agreement with those previ-

ously reported in the literature.40–44

2.2 Spectroscopic data

2-(4-Bromophenyl)quinoxaline (3f) The compound

(3f) was synthesized by Zinc Ferrite catalyzed reaction
between o-phenylenediamine (1a) and 4-bro-

mophenacyl bromide (2f) as pale yellow solid; yield

95%; M.p. 139-140 �C; 1H NMR (300 MHz, CDCl3) d
(ppm): 7.76 (d, J = 12 Hz, 1H), 7.78 (s, 1H), 7.81 (d,

J = 3 Hz, 2H), 8.08 (d, J = 3 Hz, 1H), 8.13 (d, J = 9

Hz, 3H), 9.30 (s, 1H, quinazolyl-H); 13C NMR (75

MHz, CDCl3) d (ppm): 125.14, 129.15, 129.32,

129.75, 129.97, 130.64, 132.51, 142.96, 150.81;

HRMS (ESI?) calcd. for C14H9BrN2 (M?H)?:

285.0024; found 285.0020.

2-(4-Chlorophenyl)-7-methylquinoxaline (3n) The

compound (3n) was synthesized by Zinc Ferrite

catalyzed reaction between 4-methyl-o-

Figure 1. Some quinoxaline derivatives with pharmacological activities.
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phenylenediamine (1b) and 4-chlorophenacyl bromide

(2g) as brown solid; yield 94%; M.p. 113-116 �C;
1H NMR (300 MHz, CDCl3) d (ppm): 2.61 (s, 3H,

CH3), 7.54 (d, J = 6 Hz, 2H), 7.60 (d, J = 6 Hz, 1H),

7.91 (d, J = 9 Hz, 1H), 8.03-8.15 (m, 3H, Ar-H), 9.25

(s, 1H, quinazolyl-H); 13C NMR (75 MHz, CDCl3) d
(ppm): 22.03, 128.55, 128.77, 129.23, 129.49, 132.37,

132.95, 135.49, 141.21, 142.11, 142.91, 149.93,

150.65; HRMS (ESI?) calcd. for C15H11ClN2

(M?H)?: 255.0689; found 255.0683.

Scheme 1. Synthesis of quinoxalines using ZnFe2O4 catalyst.

Figure 2. Structures of all the synthesized quinoxalines (3a-p).

J. Chem. Sci.          (2022) 134:81 Page 3 of 8    81 



3. Results and Discussion

In this procedure, a mixture of phenacyl bromides (2a-
l) (1 mmole), o-phenylenediamines (1a-b) (1 mmol),

and ZnFe2O4 was stirred at room temperature for 3 h

which afforded quinoxalines (3a-p) with excellent

yields and high purity, which is outlined in the

Scheme 1. The structures of all the synthesized

quinoxalines (3a-p) are shown in Figure 2.

Optimization of the reaction parameters was

performed by general model reaction of

o-phenylenediamine (1a) and phenacyl bromide (2a)
as shown below (Scheme 2).

Firstly, we studied reactions in various solvents

like dioxane, dimethylformamide, dichloromethane,

and acetonitrile as aprotic solvents and ethanol,

methanol, glycerol, PEG-400, and water as protic

solvents. It is observed that when we use dimethyl-

formamide as a solvent, the yield of quinoxaline is

high (Table 1, entry 3). Although, the reaction in

different solvents like acetonitrile, dichloromethane,

1,4-dioxane, glycerol, PEG-400, ethanol, methanol,

Scheme 2. Model reaction for the synthesis of quinoxaline using ZnFe2O4 catalyst.

Table 1. Screening of reaction condition with respect to solvent and catalyst loading 3aa.

Entry Solvent Catalyst (mol%) Time (h) Yieldb (%)

1 Dimethylformamide No catalyst 5 NR
2 Dimethylformamide 5% ZnFe2O4 4 89
3 Dimethylformamide 10% ZnFe2O4 3 95
4 Dimethylformamide 15% ZnFe2O4 4 94
5 Dimethylformamide 20% ZnFe2O4 4 90
6 Acetonitrile 10% ZnFe2O4 3.5 83
7 Dichloromethane 10% ZnFe2O4 3 72
8 Ethanol 10% ZnFe2O4 3 65
9 Methanol 10% ZnFe2O4 3 62
10 Water 10% ZnFe2O4 10 59
11 1,4-Dioxane 10% ZnFe2O4 4 70
12 PEG-400 10% ZnFe2O4 4 61
13 Glycerol 10% ZnFe2O4 4 60

aReaction conditions: Phenacyl bromide (0.001 mol), o-phenylenediamine (0.001 mol), 10%
ZnFe2O4 in 5 mL DMF, at room temperature for 3 h. bIsolated yields, NR: No Reaction.

Table 2. Comparative study of ZnFe2O4 with other metal oxides.

Entry Catalyst (10 mol%) Time (h) Yield (%) Condition

1 ZnO 3 58 DMF
2 MgO 3 38 DMF
3 CuO 3 44 DMF
4 ZrO2 3 54 DMF
5 a-Fe2O3 3 64 DMF
6 b-Fe2O3 3 59 DMF
7 ZnFe2O4 3 95 DMF
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and water gave less yield as compared to dimethyl-

formamide (Table 1, entries 6-13).

The solvent is crucial to the catalyst’s activity and

efficacy; when protic solvents are present, the product

yield is lower than when aprotic solvents are present.

We noticed that when we changed the solvent in the

reaction, the percentage yield changed, and after

further examination, we established that dimethylfor-

mamide is a good solvent for this conversion. We have

also examined catalyst loading, and the findings are

summarised in Table 1. The results showed that a

catalyst loading of 10% ZnFe2O4 is suitable for the

intended conversion. While decreasing to 5 mol% and

increasing 15, 20 mol% ZnFe2O4 did not result in a

significant increase in product yield (Table 1, entries

2, 4, and 5).

When the standard reaction was carried out in the

absence of ZnFe2O4, there was no conversion of

reactants to products after 5 h of stirring at room

temperature under optimal conditions (Table 1, entry

1). This result motivates us to investigate the methods

for synthesizing quinoxalines from substituted phena-

cyl bromides and o-phenylenediamines using a

10 mole% ZnFe2O4 catalyst and dimethylformamide

(DMF) as the solvent under an optimized reaction

condition. We have also examined the comparative

study of Zinc ferrite with other metal oxides for the

synthesis of quinoxaline. According to a study, Zinc

ferrite (ZnFe2O4) is a prominent catalyst for the effi-

cient and facile synthesis of quinoxaline. The results

are disclosed in (Table 2, entry 1-7).

Yields

95 94 94 93 92

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Figure 3. The recyclability of ZnFe2O4
a in the synthesis

of quinoxalines.

Scheme 3. A plausible mechanism for the synthesis of quinoxaline derivatives.
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We also studied the recyclability of ZnFe2O4 in

dimethylformamide solvent for 3 h at room tempera-

ture for model reactions such as o-phenylenediamine

(1a) and phenacyl bromide (2a), with the findings

displayed in Figure 3.

Recovery and extending the reusability of a

heterogeneous catalyst are crucial factors in its prac-

tical application. As a result, a series of studies were

conducted to recover and reuse ZnFe2O4 for the

reaction between o-phenylenediamine (1a) and phe-

nacyl bromide (2a) under optimal reaction conditions.

After completion of the reaction, the reaction mixture

was diluted with 10 mL ethyl acetate followed by

filtration to recover the catalyst. The recovered cata-

lyst was washed with water and acetone before being

dried in a desiccator and utilized in a subsequent

reaction.

The plausible mechanism for the synthesis of

quinoxaline, as shown in Scheme 3, involves the

activation of the carbonyl group of phenacyl bromide

over ZnFe2O4 indicated as A, followed by the dehy-

dration and dehalogenation of o-phenylenediamine,

resulting in the formation of cyclic product C, which is
easily oxidized in air to form desired product D.

4. Conclusions

In conclusion, we developed an eco-friendly, simple,

convenient, and efficient procedure for the synthesis of

quinoxalines from the various phenacyl bromides and

o-phenylenediamines using ZnFe2O4 as a reusable

catalyst under mild reaction conditions. The advan-

tages of the presented method include high yield, ease

of handling, inexpensive catalyst, simple procedure

and work-up, cleaner reaction profile, short reaction

time, and no need for column chromatography, which

make it a useful and appealing process for the rapid

synthesis quinoxaline derivatives as biologically

interesting compounds. It would be one of the poten-

tial methodologies for the synthesis of quinoxaline

derivatives. It may also be viable for large-scale

industrial level too, as we have used the greener and

recyclable catalyst for the synthesis, which could be

recovered and regenerated easily. Therefore, the

method must be cost-effective for the industry to scale

up rapidly.

Supplementary Information (SI)

Full experimental detail, HRMS/MS, 1H, and 13C

NMR spectra. Supplementary information is available at

www.ias.ac.in/chemsci.
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ABSTRACT

The present paper focuses on the autobiographical elements in Alice Munro's
short story. She is an enormous writer in Canadian literature. She has
contributed a crucial role in the genre of short stories. She is called Anton
Chekhov in the post-modern period. She tries to explore the life of her own
generation in the two collections of stories. She attempts to express deep
concern about each phase in the lives of women. She does not forget to focus
their inner quest on patriarchal domination. An autobiographical element is a
way to give an open space to express inner thoughts through ordinary events.
Munro’s most works are set in her native place Huron Country in
Southwestern Ontario. She is the Nobel Prize winner of 2013 for her
collection of stories. Dear Life is a collection of stories. The collection has
comprised of fourteen stories based on Munro’s native Canada. She has
selected common people who undergo a major change and realize the
significance of daily life. The collection is unified by the evaluation of love,
sex, and death. The entitled story ‘Dear Life’ is a centerpiece in the present
collection. The story is narrated by an unknown woman. She recounts various
aspects and events of her childhood. She grows up in a rural area in
Southwestern Ontario. She has an interest in literature as Munro used to
spend her time with books.

Keywords: Autobiographical, Life, Family, Intense Consciousness, And Developed
Relations

An autobiography is a subjective work of one's. An autobiographical element is a way to
express one self’s experiences. A writer writes an autobiography to bring out hidden feelings
before the world. Writers are inspired by their own emotional life, their experiences, and their
contact with society which connect them with their fictional characters and bring similarities
with them. A writer is free to record only such events that are important to him.
Autobiography sticks to the facts of his life which creates a picture of his experiences. An
author selects events in his life that help him to develop his artistic personality. He is a center
to bring the attention of readers. While incorporating his personality, it becomes significant to
present society which helps to shape his personality.

“Autobiography is a biography written by the subject about himself or herself. It is to
be distinguished from the memoir, in which the emphasis is not on the author’s developing
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self but on the people and events that the author has known or witnessed, and also from the
private diary or journal, which is a day-to-day record of the events in one’s life written for
personal use and satisfaction, with little or no thought of publication.” (Abrams: 2012:27)

An autobiography is an individual’s experiences written by an author. It is a different form
from the memoir. A memoir pretends to be a true story of an author. It is similar to the
pseudo-autobiographical mode. It is often first-person narration. An autobiography does not
emphasize on author’s progress but focuses on the people and events that he knows. Diary
and journal are two different forms that record day-to-day events of life for self-satisfaction
and for personal interest.

“Autobiographies are always written for a public audience. Indeed,
autobiography is ideally understood by both its authors and its readers to be exemplary, as a
reliable and true portrayal of a life from which others can learn.”(Cuddon: 2013: 60-61)

Autobiography is written often for the public interest. It is his/her own record
of his or her life events. It helps readers to make familiar with the incidents and experiences
of an author. It is formed in perfect order to trust easily. The records are reliable to trust and it
seems a true portrayal of a life that readers understand and learn from it.

The first developed and influential autobiography ‘Confessions’ is written by St.
Augustine in the fourth century. Spiritual autobiography is a description of the author’s
struggles with God. He discovered his Christian identity and religious vocation. A memoir is
slightly different from an autobiography. An author minutely focuses on memories, emotions,
and feelings. Michel de Montaigne’s Essays published in 1580 constitute great
autobiographical mode. Rousseau’s Confession and Goethe’s Dichtung und Wahrheit are
called secular autobiographies. John Bunyan’s Grace Abounding to the Chief of Sinners
(1666) follows Augustine’s religious self-revelation focusing on a crisis and conversion. In
the Romantic Period, William Wordsworth’s The Prelude is a romantic autobiography
published in verse form. It is a record of poet’s childhood memories and middle-aged
experiences. The subtitle of the poem ‘The Growth of Poet’s Mind’ gives a distinctive nature
to the poem. The poem focuses on the struggle of poet to a mature poet.

A fictional autobiography is similar to an autobiography. The fictional characters
write about their lives as first-person narrators. The novels by Charles Dickens’s David
Copperfield and Daniel Defoe’s Moll Flanders focus on the internal and external experiences
of characters. Moll Flanders is a fictional autobiography written in the eighteenth century by
Daniel Defoe. It is a fictional story of a woman who was born in Newgate and lived as a
prostitute for twelve years later she marries five times and last she married her brother after
that she spent her life in the criminal field.

In American literature, there are a number of autobiographical writers but some are
more eminent autobiographers. The Autobiography of Benjamin Franklin was written from
1771 to 1790. The work has its own significance as a historical document of his life. The
work remains a popular and exact example of the genre. He emphasizes his remarkable career
and becomes a successful writer in American literature. He divides an autobiography into
four parts and gives detailed sequences of his life.
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Fredrick Douglass is an American social reformer famous for his three
autobiographical works. ‘Narrative of the life of Fredrick Douglass, A American Slave
(1845)’ is his first autobiography in which he tells about his experience as a slave and the
abolition movement.

Sylvia Plath is an admired poet known for her confessional poetry in American
Literature. The Bell Jar (1963) is her semi-autobiographical novel published before few years
of her death. She gives a fictional name in the work to express her agony and dry relationship
with her husband. Her character is an undergraduate student who neither feels motivated nor
energized about the work. She struggles to keep aside all anxiety and bewilderment.

An autobiography is a way to keep alive an author in the reader’s heart. It is a way to
structure his life in accordance with his wishes. It is a document in which the author talks
directly with readers. He makes familiar with the true life and upright strong desire for life.
Every person has different experiences and hurdles but lastly, if he has a strong desire, to get
success every great person’s life story should be written so the autobiographies will show a
path to a new generation. Every struggler has to go through depression, frustration and from
the same situation; every great person once had gone. Autobiography boosts the new
generation. Mahatma Gandhi has written an autobiography in Gujarati language and later
translated it into English My Experiences with Truth.

ALICE MUNRO ANDWORKS:

Alice Munro is a contemporary short story writer in Canadian literature. She was born in a
farmer's family whose father was a fox farmer and whose mother was a teacher. At the age of
her 13, her mother suffered from Parkinson disease and as the eldest child in the family, she
spent most of the time working at home. Over the course of time, it helps her to understand
the responsibility and purpose of life. She started to write in her early teens. She published
her first story “The Dimensions of Shadow” in 1950. She has been influenced by a different
style of writing. She is a writer of fourteen phenomenal collections of stories. Throughout her
life, she constantly writes for different journals and publishers. She has broken down the
traditional style of writing. Her stories move forward and backward in time. She has also
tried to give a fictional touch to her life through her women characters. She begins her career
as a short story writer despite she comes to know later that it is not possible for her to engage
a long time in a novel. She engages herself initially in caring for her family to give time for
her career. Her first collection of stories “Dance of the Happy Shades (1968)” becomes the
turning point in her career to be a short story writer. The collection brings her prestige and
respect in Canadian literature and wins Governor General Award. She has written her first
painful autobiography ‘The Peace of Utrecht’ about her mother’s death. Her success follows
two interlinked collections of stories that move around the progress of central characters.

Munro’s women characters acquire gender identity from childhood. It is a unique
feature of her writing. First-person narration is a quality of her writing. In first-person
narration, her characters recount personal experiences which talk directly to readers. Another
remarkable characteristic of her stories is to pay attention to women's lives in patriarchal
societies. Her thoughts reflect through her female characters and norms govern women’s
lives. She depicts women’s secret desire to get free from socially structured life and their
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struggle against stereotyped life. She keeps the boundary between childhood and adolescence
and their participation in the world of father and mother. Her girl narrators exist as an
innocent and helpless child who is limited in the restricted world. They have limited
knowledge of the world and demand safe space. The term innocence is applied to adults who
try to protect the characteristics of innocent characters.

Her child narrator unfolds her inability to describe the events. She cannot analyze
anything that happens in her life but describe everything in confusing circumstances. Munro
designs women narrators to reveal the tension between the superficial and hidden reality and
visible and invisible gender identity.

Munro’s other collection of stories ‘Who Do You Think You Are’ was awarded by
Governor General Award. The book revolves around a protagonist, Rose. Munro has not
bound stories by a time, place, or strict narrator. A central character wants to stress her
identity. The character is called bildungsroman that grows up in a small town and goes to
university to complete her education. In further stories, Rose tries to bridge her relationship
with her stepmother. The book gives a complete glance at a central character from her
childhood to be a successful person and attempt to maintain normal relations in the family.

‘The Moons of Jupiter’ has followed some different structures. The narrator
introduces her paternal and maternal aunts and their approach toward the world. She shows
her aunts are completely different from each other, as maternal aunts have enjoyed educated
life whereas paternal aunts have lived vulgar life. Each story reflects Munro’s attachment to
the town place. ‘The Progress of Love’ is an entitled story in the anthology. It is a story of
three generations. The story tells about a young girl and her upbringing relation in a family.

‘Dear Life’ is an outstanding and last anthology of Munro. In the collection, she has divided
stories into sections. She uses autobiographical elements in the present collection of stories.
She gives a background of her experiences to give an autobiographical touch to her story. Her
stories are combined with accidents and dangers, imagined and real, painted and radiant, and
extraordinary lives of women. She often gives the essence of life in her timeless stories. The
entitled story Dear Life is narrated by an unknown woman.

“I lived when I was young at the end of a long road, or a road that seemed long to me.
Back behind me, as I walked home from primary school, and then from high school, was the
real town with its activity and its sidewalks and its streetlights for after dark. Marking the
end of town were two bridges over the Maitland River: one narrow iron bridge, where cars
sometimes got into trouble over which one should pull off and wait for the other, and a
wooden walkway which occasionally had a plank missing, so that you could look right down
into the bright, hurrying water." (Munro: 2012:299)

As the story begins the unknown narrator grows up in Ontario is remarkably personal. She
remembers her childhood days. She recounts her school days when she used to go just
walking. She goes to town after completing her primary education for further study. She
walked to town in streetlights to her home crossing two bridges over the Maitland River. A
narrow bridge shows a small town and the congested life of a writer. Munro uses a majority
of her life references to characterize regional life.
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The narrator remembers her grandfather who imagined her father would have a good
life. Her father has a paternal descent farm from where her father begins his new life. Her
parents leave their communities behind and buy a plot of land at the edge of a road near a
town. They did not have an idea to have a prosperous life by raising silver foxes and mink.
Her father feels about himself well to have a new business rather than working on a farm. Her
parents use their savings to begin their new business. They work together to build pens and
shelters to remain animals in it. In those days narrator also worked with her father. Her
mother always thinks differently that she and her husband would be different kinds of
persons.

A narrator makes friendship with her classmates. But her mother has a problem with
two girls with whom she does not want friendship of her daughter. Even she has an issue
allowing her daughter to spend time with two girls. She forbids a narrator to enjoy some time
with them. She knows their mothers are prostitutes who have died due to suffering from a
sexual disease. The narrator harbors a grudge against her mother to deny her friendship.

“My mother had two miscarriages before she had me, so when I was born, in 1931,
there must have been some satisfaction. But the times were getting less and less promising.
The truth was that my father had got into the fur business just a little too late. The success
he’d hoped for would have been more likely back in the mid-twenties, when furs were newly
popular and people had money.” (Ibid: 307)

The narrator recalls that her mother suffered twice before her birth so her parents will be
happy to have a daughter after the third time. The birth year 1931 gives stresses the writer’s
birth year which make reader conscious of Munro’s life. Her parents run a fur business and
raising minks and other animals and selling pelts. During the depression time, her father buys
an old shed in town in order to send the narrator country school. Her father is the taxpaying
property owner. Her father expects that his all financial issues will be solved. He anticipates
that his new business will run smoothly. But he gets little late to get profit in new business.
He wants to cover up his poor life to have a settled life.

“In those days, I had to help my father sometimes, because my brother wasn’t
old enough yet. I pumped fresh water, and I walked up and down the rows of pens, cleaning
out the animals’ drinking them. I enjoyed this. The importance of the work, and the frequent
solitude were just what I liked. Later on, I had to stay in the house to help my mother, and I
was full of resentment and quarrelsome remarks. “Talking back” it was called. I hurt her
feelings, she said, and the outcome was that she would go to the barn to tell on me, to my
father. Then he’d have to interrupt his work to give me a beating with his belt.” (Ibid:305-
6)

In the initial days, the narrator helps her father in pens to do everything in a proper
way because her brother is not old enough to help their father at the farm. Munro emphasizes
her nature. She grows in solitude and it creates space to think of herself from a different point
of view. It becomes the turning point of her life to dream of herself as a writer. She recalls
everything like pumping water, and go down to pens, and cleaning out animals. Even she
enjoys all the work to do with her father. She thinks that she is liable to work with her father
or to spend her time with him. She knows only the importance to work in solitude. Afterward,
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she stays at home to help her mother in domestic work. She is full of hatred and
argumentative condition with her mother. Her mother is hurt by narrator so she goes into pens
to complain to her father in order to give her a beating with his belt. Munro recounts minute
incidents of her childhood which are evergreen memories of her life.

“Something had come upon us that was even more unexpected and would become more
devastating that the loss of income, though we didn’t know it yet. It was the early onset of
Parkinson’s disease, which showed up when my mother was in her forties.” (Ibid: 308)

The narrator sees her family once again face losses and this time her family does
not overcome hurdles of financial problems. Her father pelts all foxes and afterward minks
and does not get profit from them. As soon as she comes back home from school she goes to
cook lunch for her father. She never expects her family will suffer from all sides. She sees the
devastating condition of her family business. Her family has not overcome from the loss. Her
family goes through the worst condition when they come to know her mother’s severe disease.
Her mother is diagnosed with Parkinson's disease at the age of forties and the symptoms
gradually increased. In the course of time, all responsibilities come on her shoulder. And she
realizes the responsibility of family and lives in her relationship.

The narrator’s mother likes to tell several times about her life and about an old
woman named Mrs. Netterfield. She does not believe in the wild stories of an old woman
without her desire despite she has to listen her mother. The old woman is cruel that she
allegedly chased a deliveryman from her property with a hatchet because there was a mistake
in her grocery order.

Her mother further claims that Mrs. Netterfield snuck up to her house when she
was a child and peered in the windows before scurrying away.

The narrator goes to Vancouver at her adult age and where she meets with her
husband. She still maintains her contact with her hometown to subscribe newspaper. While
reading one day she reads a poem written by Mrs. Netterfield’s daughter. She discovers Mrs.
Netterfield’s family used to live where the narrator grows up.

“I did not go home for my mother’s last illness or for her funeral. I had two small
children and nobody in Vancouver to leave them with. We could barely have afforded the trip,
and my husband had contempt for formal behavior, but why blame it on him? I felt the same.
We say of some things that they can’t be forgiven, or that we will never forgive ourselves.”
(Ibid: 319)

Eventually, the narrator’s mother died due to severe disease. She does not go
to her mother’s funeral. She knows the travel is also long from Vancouver. She cannot afford
the costly travel. She has two daughters and nobody is friendly or relative to leave her
daughters in their trust. She misses her mother and her talk. She does not have a good
relationship with her husband. Her husband does not like too much attachment with in-laws
family. He maintains formal behavior and attachment but simultaneously she reveals her dry
relationship with her parents. They cannot forgive each other for whatever mistakes they have
done.
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In the present story, Munro openly talks about her childhood, her struggle for
education, and her loveless relationship with her mother. She competes in any condition to
overcome her poor conditions. She regrets not being closer to her mother. She knows that her
mother had a lot to tell her. She is inspired by her mother’s stories. She gets late to correct her
mistakes. The story clearly reflects that she was unhappy with her husband. She shows that
her childhood memories are powerful which she easily combines with her imagination to give
artistic reflections. She gives a complete account of information on true human relations
whether the parents-daughter, husband-wife, contact with society, or any else relations. She
states in her stories her complicated relations. Taking into account Munro has tried the setting
and characters in ‘Dear Life’ personal establishments. She accepts whatever turns have taken
her life. She positively molds herself with the conditions.
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Abstract. CAL-B catalyzed novel synthetic routes have been developed for getting better to excellent

yields of the pyridodipyrimidines and mercapto oxadiazoles. Here, for the first time, one pot cyclo con-

densation of barbituric acid, aromatic aldehydes, and ammonium acetate has been carried at room temper-

ature in dichloromethane in the presence of biocatalyst, CAL-B and obtained 5-aryl-9,10-dihydropyrido[2,3-

d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraones (3a-k). CAL-B catalyzed cyclo condensation of

arylhydrazides and carbon disulphide has also been carried in ethanol for getting 5-(p-substituted phenyl)-

1,3,4-oxadiazole-2-thiol (6a-b). Mercapto oxadiazoles (6a-b) are also separately allowed to react with sub-

stituted phenacyl bromides in the presence of trimethylamine and obtained 1-aryl-2-((5-substitutedphenyl-

1,3,4-oxadiazol-2-yl)thio)ethanones (8a-h). The developed routes are efficient, clean, and cost-effective.

Synthesized compounds; (3a-k), (6a-b), and (8a-h) are thoroughly characterized by their spectral data.

Keywords. CAL-B; pyridodipyrimidines; mercapto oxadiazoles; cyclocondensation.

1. Introduction

Nitrogen-containing heterocycles, viz. pyridopyrim-

idines and 1,3,4-oxadiazoles, have diverse biological

activities and are found to be interesting area of

research in heteroaromatic chemistry.1 Literature sur-

vey reveals that pyrimidine ring-bearing molecules are

found to display a vital role in the various biological

processes. The pyridopyrimidine scaffold has widely

occurred in many bioactive heterocycles of natural and

synthetic origins, and this also plays a significant role

in different drug discovery programs. Heterocycles

with pyridopyrimidine moiety are found to have a

broad range of biological, medicinal, and pharmaco-

logical properties, like antitumor,2 antibacterial,3,4

antifungal,4 antiviral,5 anti-oxidant,6 dihydrofolate

reductase inhibitory,7 tyrosine kinase inhibitory,8 cal-

cium channel antagonist,9 and fibroblast growth factor

receptor 3 inhibitory10 (Figure 1).

Mercapto oxadiazoles and 1,3,4-oxadiazoles are

also nitrogen-containing heterocycles, generally uti-

lized as pharmacophoric systems, due to their meta-

bolic profile and ability to engage in hydrogen bonding

interaction with receptors. Therefore mercapto oxadi-

azole and 1,3,4-oxadiazole scaffolds are well explored

in agricultural, pharmaceutical, and industrial fields.

Various substituted mercapto oxadiazoles possess

significant anti-inflammatory, antibiotic, analgesic,

anticonvulsant, hypoglycemic, and antitubercular

activities.11–13 The literature survey reveals that mer-

capto oxadiazoles, 1,3,4-oxadiazoles, and their amino

derivatives are prominent antimicrobial agents.14–16

These compounds are said to be more potent antibi-

otics compared to the standard antibiotics, penicillin

G,17 gentamicin, and ampicillin.18 1,3,4-Oxadiazole

skeleton in association with various other heterocycles

are displaying broad spectrum of biological activities

like anti-inflammatory, antidiabetic, antitumor,19
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antifungal,20 hypotensive,21 antitubercular,22 corrosion

inhibiting and tyrosinase inhibitory23 (Figure 1).

Due to this wide range of pharmacological proper-

ties and biological activities, pyridodipyrimidines and

mercapto oxadiazoles occupy a noteworthy place in

the subject of medical research. These applications of

pyridodipyrimidines and mercapto oxadiazoles have

insisted that researchers synthesize therapeutically

important newer pyridodipyrimidines and mercapto

oxadiazoles. Researchers have reported one pot

cyclocondensation of barbituric acid, aldehydes and

ammonium acetate separately incorporating ultra-

sound irradiation,24 catalyst-free condition,25 SBA-15-

supported sulfonic acid nanocatalyst,26 ionic liquid

[H-NMP]? [HSO4]
- under ultrasonic irradiation,27

and b-cyclodextrin-ultrasonication,28 for obtaining

pyridodipyrimidines.

Classical methods for the preparation of the 1,3,4-

oxadiazole-2(3H)-thiones include the cyclo conden-

sation of acylhydrazides and carbon disulphide in

ethanol in the presence of potassium hydroxide,29

under the microwave.30 It is also reported that the

conversion of aromatic acyl hydrazides into 1,3,4-

oxadiazoles is more convenient than aliphatic hydra-

zides, assisted separately by microwave,31 DMF,32

sodium dodecyl sulfate (SDS),33 polymer-supported

reagents/resin-bound reagents,34 polymer-supported

reagents separately under thermal and microwave

condition,35 tosylchloride and pyridine,36 under

microwave irradiation using POCl3, and Al2O3,
37 and

resin-bound acylhydrazines.38

These above-reported protocols are found to have

certain limitations, such as tedious workup procedures,

non-readily available catalysts, and require high

energy. It seems from the above reports that there is no

attention paid to the use of enzymes as catalysts while

carrying the syntheses of pyridodipyrimidines and

mercapto oxadiazoles.

Recently, biocatalysts/enzymes have been used to

accelerate various organic transformations leading to

biodynamic compounds, and they are functional pro-

teins used currently as innocuous and cost-effective

catalysts. Lipases are ubiquitous, naturally endowed

catalysts with the ability to perform reactions in

aqueous and organic solvents. They are well-explored

as biocatalysts to catalyze the hydrolysis of water-

soluble carboxylic esters, particularly triglycerides and

phospholipids.39 Among the lipases, Candida antartica

lipase B (CAL-B) has been used as a biocatalyst in its

pure form as well as immobilized CAL-B form to

accelerate various organic reactions and biotransfor-

mations.40–43 Recently, CAL-B has been well char-

acterized and is structurally similar to several other

lipases and has Serine, Histidine, and Aspartic
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Figure 1. Drugs having pyrido[2,3-d]pyrimidine and 1,3,4-oxadiazole scaffolds in their skeleton.
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catalytical triads with secondary alcoholic binding

pocket. Usually, these active sites viz., Serine, His-
tidine, Aspartic residues participate to display catalytic

behaviors to accelerate the rates of organic/biotran-

formations.44,45 Our group has used biocatalysts,

Baker’s yeast as a whole cell source of enzymes and

lipase as an isolated pure enzyme for conducting

various organic transformations.46–49

To overcome the limitations in the above-mentioned

synthetic protocols, and considering the eco-friendly

nature of biocatalysts, and in continuation of our ear-

lier interest in developing greener protocols for the

synthesis of different therapeutically important hete-

rocycles, here we have decided to use a biocatalyst,

CAL-B for the synthesis of pyridodipyrimidines and

mercapto oxadiazoles.

2. Experimental

2.1 General

All the chemicals used were of laboratory grade.

Lipase B Candida Antarctica immobilized on immo-

bead 150 recombinant from yeast is procured from

Sigma Aldrich. Melting points of all the synthesized

compounds were determined in open capillary tubes

and are uncorrected. 1H NMR spectra were recorded

with a BrukerAvance 300 spectrometer operating at

400 MHz using DMSO-d6 solvent and tetramethylsi-

lane (TMS) as the internal standard, and chemical shift

in d ppm.13C NMR spectra were recorded on

BrukerAvance 75 MHz on Jeol. The purity of each

compound was checked by Thin Layer Chromatogra-

phy using silica-gel, 60F254 aluminum sheets as

adsorbent, and visualization was accomplished by

iodine/ultraviolet light.

2.2 General procedure for the synthesis of 5-
(substituted phenyl)-9,10-dihydropyrido[2,3-d:6,5-
d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraones
(3a-k)

A mixture of substituted aldehydes (0.94 mmol), bar-

bituric acid (1.88 mmol), and ammonium acetate

(1.2 mmol) was stirred in DCM (10 mL). CAL-B (200

mg) was added to this reaction mass, and the reaction

mixture was further stirred at room temperature for 18

h. After completion of reaction, the reaction content

was then stirred with ethanol (50 mL) ? DMF (5 mL)

and then filtered. The residue, CAL-B was then reused.

The crude pyridodipyrimidines were obtained by

removing the solvent from the filtrate by a rotatory

evaporator. The crude products have been crystalized

using ethanol. All the synthesized compounds are

known, and their 1H NMR, 13C NMR, and HRMS

spectral data and melting points are found to be in

good agreement with those reported in the literature28.

Scan copies of spectra of 3a are provided as a

representative of the series (3a-k).

2.2a Spectral data of the compounds: 5-Phenyl-
9,10-dihydropyrido[2,3-d:6,5-d’]dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (3a): Yield: 77%;

M.p.: 284-286 �C
1H NMR (DMSO-d6, 300 MHz, d ppm): 5.95 (s,

1H, -CH), 6.98-7.16 (m, 5H, Ar-H), 7.95 (s, 2H, -

2NH) and 9.96 (s, 3H, -3NH). 13C NMR (DMSO-d6,
75 MHz, d ppm): 35.79, 91.01, 124.36, 126.70,

127.38, 144.83, 150.73, 162.34 and 163.96. HRMS:

(ESI?) Mode: Calculated 326.0889, Observed

326.3425.

5-(4-Hydroxyphenyl)-9,10-dihydropyrido[2,3-
d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traone (3b): Yield: 65%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 5.87 (s,

1H, -CH), 6.95-7.64 (m, 4H, Ar-H), 7.98 (s, 2H, 2NH)

and 10.04 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75

MHz, d ppm): 35.89, 91.45, 124.67, 126.53, 127.47,

144.74, 150.65, 162.38 and 164.86. HRMS (ESI?):

(M?H)? Calculated 342.0838, Observed 342.0414.

5-(4-N,N-Dimethylaminophenyl)-9,10-dihy-
dropyrido[2,3-d:6,5-d’]dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (3c): Yield: 61%;

M.p.: 288-289 �C
1H NMR (DMSO-d6, 300 MHz, d ppm): 3.19 (s,

6H, -2CH3), 5.67 (s, 1H, -CH), 6.22-6.96 (m, 4H, Ar-

H), 7.93 (s, 2H, 2NH) and 9.26 (s, 3H, 3NH). 13C

NMR (DMSO-d6, 75 MHz, d ppm): 35.88, 42.97,

91.27, 124.87, 126.94, 127.54, 144.92, 150.81, 162.54

and 164.33. HRMS (ESI?): (M?H)? Calculated

369.1311, Observed 369.1345.

5-(4-Chlorophenyl)-9,10-dihydropyrido[2,3-
d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traone (3d): Yield: 73%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 5.87 (s,

1H, -CH), 7.02-7.36 (m, 4H, Ar-H), 7.92 (s, 2H, 2NH)

and 9.98 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75 MHz,

d ppm): 35.97, 91.52, 124.54, 126.93, 127.56, 145.14,

150.93, 162.87 and 164.62. HRMS (ESI?): (M?H)?

Calculated 360.0499, Observed 360.0443.
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5-(3-Bromophenyl)-9,10-dihydropyrido[2,3-
d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traone (3e): Yield: 59%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 5.91 (s,

1H, -CH), 7.32-7.56 (m, 4H, Ar-H), 8.09 (s, 2H, 2NH)

and 10.26 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75

MHz, d ppm): 35.66, 91.23, 124.41, 126.83, 127.49,

144.90, 150.87, 162.49 and 164.26. HRMS (ESI?):

(M?H)? Calculated 403.9994, Observed 403.9456.

5-(4-Nitrophenyl)-9,10-dihydropyrido[2,3-d:6,5-
d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone
(3f): Yield: 67%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 5.85 (s,

1H, -CH), 7.38-7.76 (m, 4H, Ar-H), 8.15 (s, 2H, 2NH)

and 10.31 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75

MHz, d ppm): 36.19, 91.14, 124.37, 126.76, 127.67,

144.88, 150.89, 162.55 and 164.18. HRMS (ESI?):

(M?H)? Calculated 371.0740, Observed 371.0625.

5-(4-Methoxyphenyl)-9,10-dihydropyrido[2,3-
d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traone (3g): Yield: 64%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 3.92 (s,

3H, -OCH3), 5.89 (s, 1H, -CH), 6.32-6 96 (m, 4H, Ar-

H), 7.12 (s, 2H, 2NH) and 9.34 (s, 3H, 3NH). 13C

NMR (DMSO-d6, 75 MHz, d ppm): 36.04, 59.09,

91.43, 124.49, 126.86, 127.49, 144.95, 150.84, 162.87

and 164.26. HRMS (ESI?): (M?H)? Calculated

356.0995, Observed 356.0425.

5-(4-Tolyl)-9,10-dihydropyrido[2,3-d:6,5-
d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone
(3h): Yield: 72%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 2.43 (s,

3H, -CH3), 5.87 (s, 1H, -CH), 6.38-7.02 (m, 4H, Ar-

H), 7.65 (s, 2H, 2NH) and 9.45 (s, 3H, 3NH). 13C

NMR (DMSO-d6, 75 MHz, d ppm): 23.67, 35.88,

91.28, 124.48, 126.89, 127.49, 144.98, 150.96, 162.74

and 163.78. HRMS (ESI?): (M?H)? Calculated

340.1046, Observed 340.0854.

5-(4-Trifluromethyl-phenyl)-9,10-dihydropy-
rido[2,3-d:6,5-d’]dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (3i): Yield: 71%;

M.p.:[300 �C
1H NMR (DMSO-d6, 300 MHz, d ppm): 5.91 (s,

1H, -CH), 7.18-7.36 (m, 4H, Ar-H), 8.09 (s, 2H, 2NH)

and 10.26 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75

MHz, d ppm): 36.22, 91.31, 124.36, 124.57, 126.82,

127.45, 144.92, 150.86, 162.57 and 164.22. HRMS

(ESI?): (M?H)? Calculated 394.0763, Observed

394.0531.

5-(4-Fluorophenyl)-9,10-dihydropyrido[2,3-
d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traone (3j): Yield: 68%; M.p.:[300 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 5.96 (s,

1H, -CH), 7.18-7.31 (m, 4H, Ar-H), 8.15 (s, 2H, 2NH)

and 10.19 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75

MHz, d ppm): 36.32, 91.21, 124.49, 126.88, 127.51,

145.09, 151.17, 162.74 and 164.36. HRMS (ESI?):

(M?H)? Calculated 344.0795, Observed 344.0642.

5-(4-Trifluromethoxyphenyl)-9,10-dihydropy-
rido[2,3-d:6,5-d’]dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (3k): Yield: 73%;

M.p.:[300 �C
1H NMR (DMSO-d6, 300 MHz, d ppm): 5.94 (s,

1H, -CH), 7.18-7.44 (m, 4H, Ar-H), 7.95 (s, 2H, 2NH)

and 9.96 (s, 3H, 3NH). 13C NMR (DMSO-d6, 75 MHz,

d ppm): 36.89, 91.45, 124.36, 126.98, 127.65, 130.46,

144.98, 150.78, 162.45 and 164.22. HRMS (ESI?):

(M?H)? Calculated 410.0712, Observed 410.0425.

2.3 General procedure

2.3a Synthesis of 5-aryl-1,3,4-oxadiazole-2-thiols
(6a-b): P-Substituted phenyl hydrazides (4a-b, 3.4
mmole) was dissolved in ethanol (10 mL). Then CAL-

B (50 mg) and carbon disulphide (1.7 mmole) were

added to the reaction mass. It was then stirred at room

temperature. The reaction was monitored by thin layer

chromatography. After 11 h of stirring at room

temperature, the reaction mass was dissolved in ethyl

acetate (25 mL) and filtered. The residue CAL-B was

then reused. The solvent ethyl acetate was removed

using rotatory evaporator, and the residual solid was

crystallized using ethanol. All the synthesized

compounds are known, and their 1H NMR,
13C NMR and HRMS spectral data and melting

points are found to be in good agreement with those

reported in the literature.30

2.4 Synthesis of 1-aryl-2-((5-substitutedphenyl-
1,3,4-oxadiazol-2-yl)thio)ethanones (8a-h)

5-Aryl-1,3,4-oxadiazole-2-thiols (0.8 mmol) was dis-

solved in ethanol (10 mL), and then trimethylamine

(1 mmol) was added to the reaction solution. The

reaction mass was stirred for 15 min, and then

2-bromo-1-phenylethanones (0.8 mmol) were added to

the reaction mass and refluxed at 80 �C. The reaction

was monitored by thin-layer chromatography. After

6 h of reflux, the reaction mass was then poured on ice,
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neutralized with glacial acetic acid and filtered. The

obtained solid was then crystalized using ethanol. All

the synthesized compounds are known, and their
1H NMR, 13C NMR, and HRMS spectral data and

melting points are found to be in good agreement with

those reported in the literature.50,51

Scan copies of spectra of 6a and 8b are submitted as

a representative of the series (6a-b and 8a-h).

2.5 Spectral data of compounds

5-(P-Tolyl)-1,3,4-oxadiazole-2-thiol (6a) Yield: 81%;

M.p.: 171-173 �C
1H NMR (DMSO-d6, 300 MHz, d ppm): 2.50 (s,

3H, CH3), 7.37-7.39 (d, 2H, Ar-H), 7.82-8.84 (d, 2H,

Ar-H) and no signal up to 12 for SH. 13C NMR

(DMSO-d6, 75 MHz, d ppm): 21.50, 21.61, 120.47,

126.38, 129.47, 129.91, 130.41, 142.59, 142.69,

161.11, and 177.95. HRMS (ESI?): (M?H)? Calcu-

lated 193.0435, Observed 193.0441.

5-(p-Chlorophenyl)-1,3,4-oxadiazole-2-thiol (6b)
Yield: 78%; M.p.: 211-213 �C

1H NMR (DMSO-d6, 300 MHz, d ppm): 7.46-7.48

(d, 2H, Ar-H), 7.93-8.97 (d, 2H, Ar-H) and no signal

up to 12 for SH. 13C NMR (DMSO-d6, 75 MHz, d
ppm): 21.61, 120.47, 126.38, 129.47, 129.91, 130.41,

142.59, 142.69, 161.11, and 177.95. HRMS (ESI?):

(M?H)? Calculated 211.9811, Observed 211.9715.

1-(4-Methoxyphenyl)-2-((5-(p-tolyl)-1,3,4-oxadia-
zol-2-yl)thio)ethanone (8b) Yield: 78%; M.p.:

155-157 �C
1H NMR (CDCl3, 300 MHz, d ppm): 2.42 (s, 3H,

CH3), 3.80 (s, 3H, OCH3), 4.95 (s, 2H, -CO-CH2-S),

7.10 (d, 2H, Ar-H) 7.31 (d, 2H, Ar-H) 7.82 (d, 2H, Ar-

H) and 8.05 (d, 2H, Ar-H). 13C NMR (CDCl3, 75

MHz, d ppm): 21.65, 41.61, 55.61, 114.15, 118.74,

120.77, 126.69, 127.95, 129.75, 130.97, 142.27,

163.57, 164.39, 166.11 and 190.67. HRMS (ESI?):

(M?H)? Calculated 341.0960, Observed 341.0965.

1-(4-Phenyl)-2-((5-(p-tolyl)-1,3,4-oxadiazol-2-
yl)thio)ethanone (8a) Yield: 85%; M.p.: 135-137 �C

1H NMR (CDCl3, 300 MHz, d ppm): 2.39 (s, 3H,

CH3), 4.93 (s, 2H, -CO-CH2-S), 7.23 (d, 2H, Ar-H),

7.39 (d, 2H, Ar-H), 7.78 (d, 3H, Ar-H) and 8.01 (d,

2H, Ar-H). 13C NMR (CDCl3, 75 MHz, d ppm): 21.45,

57.68, 115.27, 119.82, 122.74, 126.93, 128.74, 129.69,

131.27, 143.31, 164.63, 165.39, 166.29 and 190.73.

HRMS (ESI?): (M?H)? Calculated 311.0854,

Observed 311.0865.

4-(2-((5-(p-Tolyl)-1,3,4-oxadiazol-2-
yl)thio)acetyl)benzonitrile (8c) Yield: 87%; M.p.:

165-167 �C
1H NMR (CDCl3, 300 MHz, d ppm): 2.48 (s, 3H,

CH3), 4.93 (s, 2H, -CO-CH2-S), 7.24 (d, 2H, Ar-H),

7.40 (d, 2H, Ar-H) 7.89 (d, 2H, Ar-H) and 8.21 (d, 2H,

Ar-H). 13C NMR (CDCl3, 75 MHz, d ppm):21.61,

57.38, 115.34, 119.31, 121.37, 127.75, 128.04, 129.59,

131.98, 144.73, 165.62, 166.39, 167.11 and 191.62.

HRMS (ESI?): (M?H)? Calculated 335.0728,

Observed 335.0774.

1-(3-Methoxyphenyl)-2-((5-(p-tolyl)-1,3,4-oxadia-
zol-2-yl)thio)ethanone (8d) Yield: 88%; M.p.:

145-147 �C
1H NMR (CDCl3, 300 MHz, d ppm): 2.44 (s, 3H,

CH3), 3.85 (s, 3H, OCH3), 5.05 (s, 2H, -CO-CH2-S),

7.11 (d, 2H, Ar-H), 7.38 (d, 2H, Ar-H), 7.85 (d, 2H,

Ar-H) and 8.17 (d, 2H, Ar-H). 13C NMR (CDCl3, 75

MHz, d ppm): 21.57, 42.11, 56.17, 115.19, 119.24,

121.35, 126.69, 127.95, 129.75, 130.97, 142.27,

163.62, 165.39, 167.21 and 191.61. HRMS (ESI?):

(M?H)? Calculated 341.0960, Observed 341.0965.

2-((5-(4-Chlorophenyl)-1,3,4-oxadiazol-2-
yl)thio)-1-phenylethanone (8e) Yield: 78%; M.p.:

122-124 �C
1H NMR (CDCl3, 300 MHz, d ppm): 4.85 (s, 2H, -

CO-CH2-S), 7.11 (d, 2H, Ar-H), 7.38 (d, 2H, Ar-H),

7.77 (t, 1H, Ar-H), 7.85 (d, 2H, Ar-H) and 8.17 (d, 2H,

Ar-H). 13C NMR (CDCl3, 75 MHz, d ppm): 56.17,

115.19, 121.35, 126.69, 127.75, 129.85, 130.97,

142.27, 163.62, 165.39, 167.21 and 191.61. HRMS

(ESI?): (M?H)? Calculated 330.0230, Observed

330.0214.

1-(4-Mecaptophenyl)-2-((5-(p-chlorophenyl)-
1,3,4-oxadiazol-2-yl)thio)ethanone (8f) Yield: 82%;

M.p.: 133-137 �C
1H NMR (CDCl3, 300 MHz, d ppm): 5.25 (s, 2H, -

CO-CH2-S), 7.11 (d, 2H, Ar-H), 7.38 (d, 2H, Ar-H),

7.85 (d, 2H, Ar-H) and 8.17 (d, 2H, Ar-H). 13C NMR

(CDCl3, 75 MHz, d ppm): 54.17, 117.18, 119.24,

121.35, 126.69, 127.95, 129.75, 130.97, 142.27,

163.62, 165.39, 167.21 and 191.61. HRMS (ESI?):

(M?H)? Calculated 355.0182, Observed 355.0845.

1-(4-Methoxyphenyl)-2-((5-(p-chlorophenyl)-
1,3,4-oxadiazol-2-yl)thio)ethanone (8g) Yield: 80%;

M.p.: 112-114 �C
1H NMR (CDCl3, 300 MHz, d ppm): 3.83 (s, 3H,

OCH3), 5.15 (s, 2H, -CO-CH2-S), 7.14 (d, 2H, Ar-H),

7.39 (d, 2H, Ar-H), 7.76 (d, 2H, Ar-H) and 7.87 (d,
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2H, Ar-H). 13C NMR (CDCl3, 75 MHz, d ppm): 48.17,

58.12, 115.19, 119.24, 121.35, 126.69, 127.95, 130.97,

142.27, 163.62, 165.39, 167.21 and 191.61. HRMS

(ESI?): (M?H)? Calculated 360.0335, Observed

360.0235.

1-(3-Methoxyphenyl)-2-((5-(p-chlorophenyl)-
1,3,4-oxadiazol-2-yl)thio)ethanone (8h) Yield: 71%;

M.p.: 129-131 �C
1H NMR (CDCl3, 300 MHz, d ppm): 3.91 (s, 3H,

OCH3), 5.09 (s, 2H, -CO-CH2-S), 7.11 (d, 1H, Ar-H),

7.36 (s, 1H, Ar-H), 7.76 (d, 1H, Ar-H), 7.78 (m, 1H,

Ar-H) 7.82 (d, 2H, Ar-H), and 7.91 (d, 2H, Ar-H). 13C

NMR (CDCl3, 75 MHz, d ppm): 42.11, 55.27, 116.18,

117.23, 121.45, 125.29, 127.55, 129.64, 130.87,

142.57, 163.74, 165.48, 167.41 and 191.97. HRMS

(ESI?): (M?H)? Calculated 360.0335, Observed

360.0325.

3. Results and Discussion

The advantageous pharmacological properties of

molecules containing pyridodipyrimidines and mer-

capto oxadiazoles prompted us to develop CAL-B-

assisted efficient, environmentally benign methods for

synthesizing pyridodipyrimidines and mercapto oxa-

diazoles. To optimize the reaction conditions, we ini-

tiated our studies by conducting one-pot cyclo

condensation of benzaldehyde (1) (0.94 mmol), bar-

bituric acid (2) (1.88 mmol), and ammonium acetate

(1.2 mmol) as a model reaction in the presence of a

biocatalyst, CAL-B by varying solvents, amount of

catalyst and temperature (Scheme 1). It has been

observed that when the reaction was performed in

dichloromethane gave product (3a) with better yield

(77%) as compared to other solvents (Table 1).
Keeping dichloromethane as a solvent, we varied the

amount of CAL-B, then we noticed that when 200 mg

CAL-B was used under similar conditions, the yield of

3a was better (Table 1, entry 4). To check the influ-

ence of temperature, we performed the model reaction

under various temperatures (RT, 40. 45, and 50 �C)
and noticed no considerable rise in the yield of 3a. It
was noticed that the reaction was efficiently catalyzed

by CAL-B in dichloromethane at room temperature

using 200 mg of CAL-B, leading to a better product

yield (3a) within 18 h.

Similarly, we have also carried the synthesis of

5-(p-tolyl)-1,3,4-oxadiazole-2-thiol (6a), allowing

cyclo condensation of p-tolyl hydrazide (5a) and car-

bon disulphide as a model reaction, (Scheme 2)

varying the amount of CAL-B. By changing the

amount of CAL-B, it was noted that there was no

proportionate rise in the product yield. (6a) (Table 2,

entries 1-3) We observed that when the transformation

conducted in ethanol (10 mL) using lipase (50 mg) at

room temperature gave a better yield of 6a within

11 h. The cyclocondensations under reference were

not found to be run satisfactorily in the absence of

CAL-B (Table 1 entry 6 and Table 2 entry 4), indi-
cating that the CAL-B is necessary for the cyclocon-

densations leading to substituted pyridodipyrimidines

(3a) and substituted mercapto oxadiazoles (6a).
To evaluate the scope and applicability of these

optimized catalytic protocols and in order to general-

ize the reaction conditions, we have performed sepa-

rately i) cyclocondensation of different substituted

benzaldehydes, barbituric acid, and ammonium acetate

in DCM in the presence of CAL-B (Scheme 1) and ii)

cyclo condensation of benzohydrazides, and carbon

disulfide in ethanol (Scheme 2) and obtained titled

substituted 5-aryl-9,10-dihydropyrido[2,3-d:6,5-

d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraones (3a-
k) and 5-phenyl-1,3,4-oxadiazole-2-thiols (6a-b),
respectively with better to excellent yields.

CAL-B, DCM
HN

N
H

N
H

N
H

NH

O

O

O

O

HN NH

O

O O

H O
NH4OAc

(1a-k) (2)
(3a-k)

2

R

R

Scheme 1. Synthesis of 5-(substituted phenyl)-9,10-dihydropyrido[2,3-d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-
tetraones (3a-k).
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Table 1. Screening of reaction media, amount of catalyst, and temperature for the synthesis of
5-phenyl-9,10-dihydropyrido[2,3-d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (3a).

Entry Solvent CAL-B (mg) Temp (oC) Time (h) Yield (%)

1 DCM 200 RT 18 77
2 MeCN 200 RT 18 59
3 EtOH 200 RT 18 54
4 DCM 150 RT 18 62
5 DCM 250 RT 18 78
6 DCM 200 RT 18 77
7 DCM 200 40 18 79
8 DCM 200 45 18 80
9 DCM 0 RT 18 Trace

Reaction conditions: Benzaldehyde (0.94 mmol), barbituric acid (1.88 mmol), ammonium
acetate (1.2 mmol), in Solvent (10 mL)

OMe

O

R
(4a-b)

NH2NH2

Reflux/EtOH
R

O

NH NH2

C S

S

CAL-B

EtOH
R

N
N

O
SH

(5a-b) (6a-b)

NEt3/EtOH

R'

O
Br

(7a-d)

O

NN

R

S

O

R'(8a-h)

4a=R=CH3
4b=R=Cl

Scheme 2. Synthesis of 1-aryl-2-((5-substitutedphenyl-1,3,4-oxadiazol-2-yl)thio)ethanones (8a-h).

Table 2. Screening of amount of catalyst and temperature for the synthesis of 5-(p-Tolyl)-
1,3,4-oxadiazole-2-thiol (6a).

Entry Solvent CAL-B (mg) Temp (oC) Time (h) Yield (%)

1 EtOH 25 RT 11 76
2 EtOH 50 RT 11 85
3 EtOH 75 RT 11 87
4 EtOH 0 RT 11 Trace

Reaction conditions: p-Tolyl hydrazide (3.4 mmole), carbon disulphide (1.7 mmole), ethanol
(10 mL) at room temperature.
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Encouraged by these results, an effort was also made

to obtain 1-aryl-2-((5-substituted phenyl-1,3,4-oxadi-

azol-2-yl)thio)ethanones (8a-h) with better yield by

carrying condensation of 5-phenyl-1,3,4-oxadiazole-2-

thiols (0.8 mol, 6a-b) separately with substituted

phenacyl bromides/2-bromo-1-phenylethanones (0.8 mol,

7a-d) in the presence of triethylamine (1mmol), in ethanol

(10 mL).

3.1 Recycling study of catalyst CAL-B

The recycling study of the catalyst was done using the

model reaction of benzaldehyde (1) (0.94 mmol),

barbituric acid (2) (1.88 mmol), ammonium acetate

(1.2 mmol), and CAL-B (200 mg) in DCM (10 mL) to

afford 3a. The reaction mixture was stirred at room

temperature for 18 h. After completion of the reaction,

the reaction content was then stirred with ethanol

(50 mL) ? DMF (5 mL) to dissolve the product. The

reaction mass was filtered to separate the catalyst

CAL-B which was then reused for the next three

consecutive cycles for the synthesis of 3a. The crude

pyridodipyrimidines were obtained by removing the

solvent from the filtrate. The catalyst was reused for

subsequent cycles and was found to retain the catalytic

activity up to the third cycle with over 74% conversion

of the substrate to the product (Figure 2).

The synthesized 5-aryl-9,10-dihydropyrido[2,3-

d:6,5-d’]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-te-
traones (3a-k), 5-phenyl-1,3,4-oxadiazole-2-thiols

(6a-b) and 1-aryl-2-((5-substituted phenyl-1,3,4-oxa-

diazol-2-yl)thio)ethanones (8a-h) are thoroughly

characterized with the help of their HRMS, 1H NMR,

and 13C NMR. The melting points and spectral data

are in good agreement with those reported in the

literature.28,30,50,51

The enzymes having strong nucleophilic and elec-

trophilic active amino residues and these may be

interacting with carbonyl carbon of aldehydes, active

methylene group of barbituric acid, acid hydrazide,

and carbon disulphide, enhancing the electrophilic

character of carbonyl carbon, carbon of carbon disul-

phide, and nucleophilic character of active methylene

group of barbituric acid and the amino group of acid

hydrazide, respectively. This fact might help acceler-

ate the rates of reactions of these works. Our earlier

reports have already elaborated on the details of these

mechanistic pathways.49

4. Conclusions

For the first time, we have utilized CAL-B as an

excellent biocatalyst for the synthesis of 5-aryl-9,10-

dihydropyrido[2,3-d:6,5-d’]dipyrimidine-

2,4,6,8(1H,3H,5H,7H)-tetraones while carrying cyclo

condensation of barbituric acid, aromatic aldehydes,

and ammonium acetate in DCM. The cyclo conden-

sation of acid hydrazides and carbon bisulfide has also

been performed in the presence of CAL-B for getting

5-aryl-1,3,4-oxadiazole 2-thiols. The additional fea-

tures of these protocols are easy workup, rapid rate of

reactions, moderate to excellent yields, and reusability

of biocatalyst CAL-B. Here we have also reported the

condensation of 5-aryl-1,3,4-oxadiazole 2-thiols and

phenacyl bromides in the presence of trimethylamine,

and obtained biodynamic 1-aryl-2-((5-substituted

phenyl-1,3,4-oxadiazol-2-yl)thio)ethanones.
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Abstract: Herein, we have reported an efficient synthesis of 2-aryl benzimidazoles by reacting o-
phenylenediamines and substituting aromatic aldehydes using SO4

2
−/ZrO2-TiO2 as a heterogeneous 

catalyst. This methodology is straightforward to obtain 2-aryl benzimidazoles with good to excel-
lent yields. It has been performed in ethanol as a green solvent. The reported protocol has some 
advantages such as a safe and reusable heterogeneous catalyst, without any need for column 
chromatography to obtain desired products. The catalyst can be recovered for up to five catalytic 
cycles without significant loss in the catalytic activity.  
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1. INTRODUCTION 

Heterocyclic compounds are an important part of many 
research sectors, including medicine, pharmaceuticals, or-
ganic chemistry, industrial chemistry, polymer chemistry, 
biochemistry, and many more. They are also found in a wide 
variety of vitamins, drugs, biomolecules, biologically active 
compounds, like antitumor, antifungal, antidiabetic, anti-
HIV, antibiotic, herbicidal, antibacterial, anti-inflammatory, 
antidepressant, antitubercular, antimalarial, antimicrobial, 
antiviral, and insecticidal agents [1]. Indeed, more than 90% 
of novel drugs contain heterocycles in their molecular struc-
ture, proving heterocycles significant contribution to medici-
nal chemistry [2,3]. Over 75% of the top 200 branded drugs 
in the pharmaceutical business contain aromatic and aliphatic 
heterocyclic fragments in their molecular structures [4-6].  

Benzimidazole skeleton is one of the most bioactive het-
erocycles having a variety of therapeutic properties. There-
fore, benzimidazole and its derivatives are given much im-
portance due to their therapeutic properties in medicinal 
chemistry research [7]. The structural resemblance of ben-
zimidazoles with some naturally occurring moieties such as 
purines makes them easier to bind with enzymes or receptors 
of living entities [8]. Literature survey also reveals that ben-
zimidazole and its derivatives are versatile scaffolds 
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observed in various pharmaceutical agents and display a 
broad spectrum of biological activities such as antiviral [9], 
antifungals [10], antitumor [11], antihistaminic [12], antiul-
cer [13], antihelminthic [14], antihypertensive [15], antico-
agulant [16], anti-inflammatory [17], antiparasitic [18], anti-
oxidant, antitubercular [19], and antimicrobial [20-24]. 

Many market approved drugs contain a benzimidazole 
skeleton in their structural motif, for example, Albendazole 
and Pracinostat as anticancer drugs, omeprazole, Ilarazole 
and lansoprazole act as GERD antiulcer drugs, oxfendazole 
and Tiabendazole as anthelmintic and antifungal drugs, 
Mebendazole and Flubendazole act as antiparasitic drugs, 
Adibenden as phoshodisterase inhibitor, Cloimozide as anti-
sychotic drug, Lerisetron and Bilastine act as antihistaminic 
drugs Ridinalazole as an antibacterial drug, Mibefradil as an 
antihypertensive drug, and Samatasvir as an antiviral drug. 
Fig. (1) summarises some chemical structures of market-
approved drugs incorporating benzimidazole skeleton. 

Numerous synthetic approaches have been described in 
recent years as a result of environmental problems and the 
pharmacological importance of benzimidazole scaffolds. 
Among all the well-known methods, solid-phase condensa-
tion of o-phenylenediamine with aromatic aldehydes is gen-
erally preferred. There are several lacunas with the reported 
protocols like the need for catalysts and desiccants, higher 
reaction temperature, longer reaction time, and tedious 
workup procedure.  
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Considering these limitations with the already reported 
synthetic methodologies, there is still a need for creating 
acceptable synthetic methods as well as the synthesis of new 
catalysts with acidic strength and recyclability to be envi-
ronmentally benign [25]. Heterogeneous solid acid catalysts 
offer various advantages over conventional liquid acids and 
Lewis acids. These advantages include recovery and recy-
clability of the catalyst, easy handling, simple work-up pro-
cedure, mild reaction conditions, and so on. Due to associat-
ed advantages, these catalysts have been thoroughly studied 
for organic synthesis and transformation reactions as well as 
industrial processes [26-28]. There is also a lot of opportuni-
ty to study catalysts for the synthesis of valuable medicinal 
compounds by creating eco-friendly methodologies. A litera-
ture survey reveals that the zirconium-based catalyst is high-
ly efficient in organic synthesis [29-31]. By considering 
above mentioned advantages, zirconium based acid catalysed 
organic transformations and in continuation with our earlier 
research [32], here, we have decided to use SO4

2
−/ZrO2-TiO2 

as a heterogeneous solid acid catalyst for the green synthesis 
of 2-aryl benzimidazoles [33, 34].  

2. RESULTS AND DISCUSSION 

The synthesis of 2-aryl benzimidazoles (3a-j) was carried 
out by reacting substituted aromatic aldehydes (2a-j) (0.001 
mole) and o-phenylenediamines (1a-b) (0.001 mole) in the 
presence of SO4

2
−/ZrO2-TiO2 as a heterogeneous catalyst, 

stirred at 70oC for 2h with good to excellent yields and high 
purity products (Scheme 1). 

The structures of all the synthesized 2-aryl benzimidaz-
oles are shown in Fig. (2). 

The model reaction was carried out in the presence of o-
phenylenediamine (1a) and benzaldehyde (2a) as shown 
below. 

The optimization of the reaction was performed by vary-
ing the reaction parameters such as reaction time, solvents 
and temperature. It was observed that the 2-aryl benzimidaz-
oles formation in ethanol solvent proceeds with an excellent 
yield at 70°C for 2 h (Table 1, entry 3). Whereas, no reaction 
was observed in the presence of water as a solvent. (Table 1, 
entry 1).  

 
Fig. (1). Some clinically used drugs bearing benzimidazolyl skeleton in their structural motif. 
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Scheme 1. Synthesis of 2-aryl benzimidazoles (3a-j) using SO4

2-/ZrO2-TiO2 catalyst. 

 

 
Fig. (2). Structures of all the synthesized 2-aryl benzimidazoles (3a-j). 

Table 1. Screening of reaction condition with respect to solvent and catalyst loading 3aa. 

S. No. Solvent Catalyst Yieldb (%) 

1 Water SO4
2
−/ZrO2-TiO2 NR 

2 Methanol SO4
2
−/ZrO2-TiO2 78 

3 Ethanol SO4
2
−/ZrO2-TiO2 94 

4 Dichloromethane SO4
2
−/ZrO2-TiO2 58 

5 Acetonitrile SO4
2
−/ZrO2-TiO2 78 

6 Dimethylformamide SO4
2
−/ZrO2-TiO2 45 

7 EtOH No catalyst 02 

Note: aReaction conditions: o-pheneylenediamine (0.001 mole), benzaldehyde (0.001 mol), SO4
2-/ZrO2-TiO2 in 10 mL EtOH, at 70oC for 2 h; bIsolated yields, NR: No Reaction. 
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Fig. (3). SEM and EDX analysis of SO4

2
−/ TiO2-ZrO2 catalyst. 

 

 
Scheme 2. Model reaction for the optimization of solvent and catalyst. 

 

3. CHARACTERIZATION OF SO4
2
−/ZRO2-TIO2 

The detail characterization of the prepared heterogeneous 
catalyst SO4

2
−/ZrO2-TiO2 has been discussed in our previous 

reports [32]. XRD result shows the formation of tetragonal 
ZrO2 and anatase TiO2 in the prepared catalyst, which is con-
firmed by JCPDS data. FTIR spectra show the presence of 
peaks at 1348 cm-1, 1440 cm-1 and 1180-1050 cm-1, which may 
be associated with asymmetric and symmetric stretching fre-
quency of the O = S = O and O – S – O groups. Further, the 
peaks in the range of 500 to 1100 cm-1 correspond to M-O 
stretching i.e. Ti-O and Zr-O stretching. The differential scan-

ning calorimetry (DSC), thermogravimetric analysis (TGA) of 
SO4

2
−/ TiO2-ZrO2 uncalcinated sample confirms the stability of 

the catalyst at a higher temperature. One of the major weight 
loss is observed in the range of 600°C to 800°C, which is due 
to the decomposition of sulfate groups. SEM and EDX results 
of the catalyst have been shown in Fig. (3). EDX results show 
the presence of Zr, Ti, and O in the catalyst. SEM image 
shows the agglomeration of nano-size particles in the form of 
plates with small cracks on the surface. 

We have also investigated the recyclability of 
SO4

2
−/ZrO2-TiO2 catalyst for the model reaction of o-
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phenylenediamine (1) and benzaldehyde (2a) in ethanol sol-
vent at 70°C for 2 h and results were incorporated in Fig. (4) 
Scheme 2.  

The plausible mechanism for the 2-aryl benzimidazole 
synthesis [19] is depicted in Scheme 3, which involves  
the protonation of the carbonyl group of benzaldehyde over 

SO4
2
−/ZrO2-TiO2 catalyst A, later it reacts with o-

phenylenediamine involves the dehydration resulted into the 
formation of cyclic product B, which is readily oxidise in air 
to form desired product C that is 2-aryl benzimidazoles. Hy-
droxyl group and sulfate groups present on the surface of the 
catalyst act as Bronsted and Lewis acid sites and help to pro-
ceed with the acid-catalyzed reactions.  

 
Fig. (4). The recyclability of SO4

2
−/ZrO2-TiO2

 catalyst. (A higher resolution / colour version of this figure is available in the electronic copy 
of the article) 

 

Scheme 3. Plausible mechanism for the synthesis of 2-aryl benzimidazole derivative. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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4. EXPERIMENTAL SECTION 
4.1. General Procedure for the Preparation of 
SO4

2
−/ZrO2-TiO2 Catalyst 

SO4
2
−/TiO2-ZrO2 solid acid catalyst has been synthesized 

by sol-gel method followed by impregnation method [32]. In 
a 500 ml beaker, the mixture of 50 mL ethyl alcohol, 2 mL 
conc. HCl and 0.5 mL acetic acid have been prepared and 
stirred for 30 min. To this mixture of the solution, 3.16 mL 
titanium isopropoxide and 3.35 mL zirconium propoxide 
were added as a precursor of Ti and Zr, respectively with 
constant stirring for 1 h. Resultant solution has been heated 
at 50°C. The gel was formed. The excess ethanol was 
evaporated and the gel was dried using an oven to form a 
white powder. For sulphate impregnation, 0.5 M H2SO4 
solution has been prepared. About 15 mL H2SO4 solution 
was used per gram of the prepared powder. After this, the 
formed powder was added to the sulfuric acid solution and 
excess water has been evaporated into a sand bath. The 
obtained sulphate-impregnated powder was dried and crushed 
to get fine powder and finally calcined at 650°C for 4h. 

4.2. General Experimental Procedure for the Synthesis of 
2-aryl Benzimidazoles 

Benzaldehyde (0.001 mole) and SO4
2
−/ZrO2-TiO2 catalyst 

(50 mg) were dissolved in EtOH (3 mL) at room temperature 
for 10 min. Then, o-phenylenediamine (0.001 mole) was 
added slowly to the reaction mass. The resultant mixture was 
heated for the stipulated time. The progress of the reaction 
was monitored by thin-layer chromatography. The reaction 
mixture was diluted with ethyl acetate (10 mL) and catalyst 
was recovered by simple filtration. The crude product was 
purified by crystallization using ethanol to afford pure 2-aryl 
benzimidazoles. The melting points of the desired products 
were found to be in good agreement with the reported in the 
literature [35-40]. 

4.3. Spectral Analysis Data 

4.3.1. 2-Phenyl-1H-benzo[d]imidazole (3a) [35-40] 

The compound (3a) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
benzaldehyde (2a) as pale white solid; yield 92%; mp 288-
290°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 7.11-7.39 
(m, 2H, Ar-H), 7.40-7.53 (m, 3H, Ar-H), 7.98 (d, 2H, Ar-H), 
8.13 (d, 2H, Ar-H), 12.65 (s, 1H, broad N-H); 13C NMR (75 
MHz, CDCl3) δ (ppm): 115.3, 122.5, 126.8, 129.1, 130.1, 
135.2, 143.3, 151.8; HRMS (ESI+) calcd. for C13H10N2 
(M+H)+: 195.0922; found 195.0926. 

4.3.2. 2-(4-Fluorophenyl)-1H-benzo[d]imidazole (3b)  

The compound (3b) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
4-fluorobenzaldehyde (2b) as off white solid; yield 88%; mp 
250-252°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 7.12-
7.16 (m, 2H, Ar-H), 7.24 (d, 2H, Ar-H), 7.52 (d, 2H, Ar-H), 
8.15 (d, 2H, Ar-H), 12.77 (s, 1H, broad N-H); 13C NMR (75 
MHz, CDCl3) δ (ppm): 116.2, 122.5, 122.7, 129.0, 129.1, 

147.9, 149.3, 162.8; HRMS (ESI+) calcd. for C13H9FN2 
(M+H)+: 213.0828; found 213.0830 [35]. 

4.3.3. 2-(4-Tolyl)-1H-benzo[d]imidazole (3c)  

The compound (3c) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
4-methylbenzaldehyde (2c) as off white solid; yield 90%; mp 
275-277°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 2.42 
(s, 3H), 7.10-7.16 (m, 2H, Ar-H), 7.20 (d, 2H, Ar-H), 7.57 (d, 
2H, Ar-H), 8.11 (d, 2H, Ar-H), 12.57 (s, 1H, broad N-H); 13C 
NMR (75 MHz, CDCl3) δ (ppm): 21.7, 116.7, 117.4, 124.8, 
132.3, 133.2, 141.0, 150.2, 152.1; HRMS (ESI+) calcd. for 
C14H12N2 (M+H)+: 209.1079; found 209.1081 [37]. 

4.3.4. 2-(4-Chlorophenyl)-1H-benzo[d]imidazole (3d)  

The compound (3d) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
4-chlorobenzaldehyde (2d) as off white solid; yield 89%; mp 
291-293°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 7.10-
7.15 (m, 2H, Ar-H), 7.20 (d, 2H, Ar-H), 7.48 (d, 2H, Ar-H), 
8.10 (d, 2H, Ar-H), 12.72 (s, 1H, broad N-H); 13C NMR (75 
MHz, CDCl3) δ (ppm): 116.7, 117.9, 124.8, 131.7, 132.3, 
141.8, 150.4, 151.1; HRMS (ESI+) calcd. for C13H9ClN2 
(M+H)+: 229.0533; found 229.0535 [35]. 

4.3.5. 2-(3-Nitrophenyl)-1H-benzo[d]imidazole (3e) 

The compound (3e) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
3-nitrobenzaldehyde (2e) as pale yellowish solid; yield 91%; 
mp 207-209°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 
7.16-7.17 (m, 2H, Ar-H), 7.55 (d, 2H, Ar-H), 7.67 (t,1H, Ar-
H), 8.18 (d, 2H, Ar-H), 8.53 (d, 2H, Ar-H), 9.00 (s, 1H, Ar-
H), 12.66 (s, 1H, broad N-H); 13C NMR (75 MHz, CDCl3) δ 
(ppm): 115.4, 121.3, 123.0, 124.2, 130.5, 132.0, 132.7, 
139.0, 148.6, 149.4; HRMS (ESI+) calcd. for C13H9N3O2 
(M+H)+: 240.0773; found 240.0775 [35]. 

4.3.6. 2-(4-Nitrophenyl)-1H-benzo[d]imidazole (3f) 

The compound (3f) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
4-nitrobenzaldehyde (2f) as pale yellowish solid; yield 93%; 
mp 226-228°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 
7.18-7.20 (m, 2H, Ar-H), 7.57 (d, 2H, Ar-H), 8.30 (d, 2H, 
Ar-H), 8.38 (d, 2H, Ar-H), 13.05 (s, 1H, broad N-H); 13C 
NMR (75 MHz, CDCl3) δ (ppm): 123.3, 124.3, 127.6, 129.1, 
136.1, 139.0, 148.1, 149.3; HRMS (ESI+) calcd. for 
C13H9N3O2 (M+H)+: 240.0773; found 240.0776 [35]. 

4.3.7. 2-(4-Methoxyphenyl)-1H-benzo[d]imidazole (3g)  

The compound (3g) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between o-phenylenediamine (1a) and 
4-methoxybenzaldehyde (2g) as off white solid; yield 90%; 
mp 225-227°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 3.44 
(s, 3H), 7.15-7.21 (m, 2H, Ar-H), 7.27 (d, 2H, Ar-H), 7.60 (d, 
2H, Ar-H), 8.17 (d, 2H, Ar-H), 12.71 (s, 1H, broad N-H); 13C 
NMR (75 MHz, CDCl3) δ (ppm): 55.7, 117.2, 117.9, 124.5, 
132.3, 132.9, 141.8, 150.1, 151.9; HRMS (ESI+) calcd. for 
C14H12N2O (M+H)+: 225.1028; found 225.1025 [37]. 
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4.3.8. 6-Methyl-2-phenyl-1H-benzo[d]imidazole (3h) 

The compound (3h) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between 4-methyl-o-phenylenediamine 
(1b) and benzaldehyde (2a) as light yellow solid; yield 91%; 
mp 240-242°C; 1H NMR (400 MHz, DMSO-d6) δ (ppm): 
2.45 (s, 3H), 6.94-7.35 (m, 2H, Ar-H), 7.38-7.45 (m, 3H, Ar-
H), 7.93 (d, 2H, Ar-H), 8.10 (d, 2H, Ar-H), 12.66 (s, 1H, 
broad N-H); 13C NMR (75 MHz, CDCl3) δ (ppm): 21.7, 
114.5, 115.2, 123.9, 126.7, 128.9, 129.7, 130.3, 131.9, 131.9, 
135.0, 137.7, 144.4, 151.5; HRMS (ESI+) calcd. for 
C14H12N2 (M+H)+: 209.1079; found 209.1082 [40]. 

4.3.9. 2-(2-Chlorophenyl)-6-methyl-1H-benzo[d]imidazole 
(3i) 

The compound (3i) was obtained by SO4
2
−/ZrO2-TiO2 cat-

alyzed reaction in between 4-methyl-o-phenylenediamine 
(1b) and 2-chlorobenzaldehyde (2h) as light yellow solid; 
yield 91%; mp 105-108°C; 1H NMR (400 MHz, DMSO-d6) 
δ (ppm): 2.65 (s, 3H), 7.24-7.45 (m, 4H, Ar-H), 7.58-7.65 
(m, 3H, Ar-H), 12.86 (s, 1H, broad N-H); 13C NMR (75 
MHz, CDCl3) δ (ppm): 21.3, 115.3, 115.7, 126.0, 128.6, 
129.8, 130.0, 131.2, 132.1, 133.2, 135.0, 135.8, 140.0, 152.7; 
HRMS (ESI+) calcd. for C14H11ClN2 (M+H)+: 243.0689; 
found 243.0691 [40]. 

4.3.10. 2-(2-Tolyl)-6-methyl-1H-benzo[d]imidazole (3j) 

The compound (3j) was obtained by SO4
2
−/ZrO2-TiO2 

catalyzed reaction in between 4-methyl-o-phenylenediamine 
(1b) and 2-methylbenzaldehyde (2i) as light yellow solid; 
yield 91%; mp 153-155°C; 1H NMR (400 MHz, DMSO-d6) 
δ (ppm): 2.42 (s, 3H), 2.63 (s, 3H), 6.92-7.15 (m, 2H, Ar-H), 
7.22-7.60 (m, 5H, Ar-H), 12.54 (s, 1H, broad N-H); 13C 
NMR (75 MHz, CDCl3) δ (ppm): 21.2, 21.6, 55.7, 111.4, 
114.4, 115.2, 115.6, 120.0, 125.6, 130.0, 131.7, 132.2, 133.1, 
151.7, 153.0; HRMS (ESI+) calcd. for C15H14N2O (M+H)+: 
223.1235; found 223.1237 [40]. 

CONCLUSION 

In conclusion, we have developed a mild, efficient and 
environmentally benign synthetic protocol for the synthesis 
of 2-aryl benzimidazoles (3a-j) from substituted aromatic 
aldehydes and o-phenylenediamines using SO4

2
−/ZrO2-TiO2 

as a heterogeneous and recyclable catalyst. The key feature 
of the proposed protocol involves simple reaction conditions, 
no side reaction, no kind of side products, and high yields of 
the final products. The present greener synthetic method is a 
better alternative to the conventional processes for the syn-
thesis of 2-aryl benzimidazoles. The catalyst was recovered 
several times without loss of catalytic activity, which makes 
process cost-effective.  
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ABSTRACT
Quinoxaline derivatives have been synthesized in good to excellent
yields by the cyclocondensation reaction of o-pheneylenediamine
with substituted phenacyl bromides/benzil in the presence of SO4

2�/
ZrO2-TiO2 as an efficient and heterogeneous catalyst. The catalyst
can be recovered up to five catalytic cycles without significant loss
in catalytic activity. The reported SO4

2�/ZrO2-TiO2 catalyst has been
thoroughly characterized by using infrared spectroscopy, differential
scanning calorimetry (DSC), thermogravimetric analysis (TGA), and
powder X-ray diffraction (XRD). Here, we have used ethanol as a
green solvent in this cyclocondensation. This new method has sev-
eral advantages, such as excellent yields, short reaction time, non-
toxic, and easily recoverable catalyst.
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Introduction

Quinoxalines are one of the important classes of nitrogen-containing heterocycles.[1]

They are rarely occurred in nature and mostly synthesized by using various synthetic
approaches.[2] In a quest to develop sustainable and greener synthetic strategies for qui-
noxalines, most of the researchers have been developing different greener synthetic
approaches that involve recyclable catalysts, mild reactants, and reaction conditions.[3]

Over the last few years, quinoxalines have grabbed more attention by researchers as
they display a broad range of pharmaceutical as well as biological applications.[4]

Various derivatives of quinoxalines have revealed a wide variety of bioactivities, such as
antitubercular,[5] anti-inflammatory, antioxidant,[6] antifungal, anticancer, anti-HIV,[7]

and antiprotozoan,[8] etc. Most of the clinically used drugs also possess quinoxalinyl
moiety in their structural scaffold as an active pharmacophoric unit. Some of them are
summarized in Figure 1.
In recent years, focusing on several environmental issues and considering the pharmaco-

logical importance of quinoxaline scaffolds there are numerous synthetic methods have
been reported. Some of them are the condensation of o-phenylenediamine with 1,2-dicar-
bonyl compounds,[9] oxidation trapping of a-hydroxy ketones,[10] and 1,2-diazenylbut-
ens.[11] Following are the various synthetic protocols involved for the synthesis of
quinoxalines, such as heteropoly acid,[12] cellulose sulfuric acid,[13] hypervalent iodine (III)
in PEG-400,[14] polyaniline-sulfate salt,[15] (NH4)6Mo7O24�4H2O,

[16] PVPPOTf,[17]

and Ga(ClO4)3.
[18]

Among the aforementioned protocols, condensation of o-phenylenediamine with phe-
nacyl bromides in the solid phase is highly preferred. This method has involved the use of
a catalyst-free approach[19] as well as by using transition metal catalysts[20] and various
heterogeneous catalysts like HClO4-SiO2,

[21] silica-supported dodecatungstophosphoric
acid,[1] TMSCl,[22] b-cyclodextrin,[23] silica-supported phosphomolybdic acid,[24] miceller
SDS,[25] T3PDMSO or T3P,[26] N-Bromosuccinimide,[27] and ionic liquid.[28]

Figure 1. Some clinically used drugs bearing quinoxalinyl moiety.
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Among the reported synthetic protocols, there are many synthetic approaches that
having some limitations or lacunas, such as the use of HClO4-SiO2 catalyst is hazardous
in nature than its potential application, the reaction catalyzed by TMSCl required higher
temperature with low yield, the b-cyclodextrin, and miceller SDS catalyzed reactions
were required longer time. Considering these lacunas/limitations with reported synthetic
methods and used catalysts, still, there is a need for designing appropriate synthetic
methods with the development of new catalysts having acidic strength and recyclability
to be environmentally benign.

Results and discussion

The synthesis of quinoxalines was carried out by reacting substituted phenacyl bro-
mides/benzil (2a–m) (0.001mol) and o-pheneylenediamine (1a–b) (0.001mol) in the
presence of SO4

2�/ZrO2-TiO2 as a catalyst. Further, the reaction mass was stirred at
70 �C for 50–80min. afforded quinoxalines (3a–m) with excellent yields and high purity.
This reaction is outlined in Scheme 1.
The structures of all the synthesized quinoxalines (3a–m) are shown in Figure 2.
The model reaction was carried out in presence of o-pheneylenediamine (1a) and

phenacyl bromide (2a) as shown in Scheme 2.
The optimization of the reaction was performed by varying the reaction parameters,

such as reaction time, solvent, and temperature. It was observed that the quinoxaline
formation in ethanol solvent proceeds with an excellent yield at 70 �C for 50min
(Table 1, entry 3). Whereas, no reaction was observed in presence of water as a solvent
(Table 1, entry 1).

Scheme 1. Synthesis of quinoxalines (3a–m) using SO4
2�/ZrO2-TiO2 catalyst.
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Characterization of SO4
22/ZrO2-TiO2 catalyst

XRD pattern of sulfated TiO2-ZrO2 solid acid catalyst is shown in Figure 3. The diffrac-
tion pattern confirms the presence of the anatase phase of TiO2 (JCPDS-211272), and
the tetragonal and monoclinic structure of ZrO2 (JCPDS-897710 and JCPDS-371484).

Figure 2. Structures of all the synthesized quinoxalines (3a–m).

Scheme 2. Model reaction for the optimization of solvent and catalyst.

Table 1. Screening of reaction condition with respect to solvent and catalyst loading 3a.a

Sr. No. Solvent Catalyst Yieldb (%)

1 Water SO4
2�/ZrO2-TiO2 NR

2 Methanol SO4
2�/ZrO2-TiO2 82

3 Ethanol SO4
2�/ZrO2-TiO2 94

4 Dichloromethane SO4
2�/ZrO2-TiO2 65

5 Acetonitrile SO4
2�/ZrO2-TiO2 75

6 Dimethylformamide SO4
2�/ZrO2-TiO2 64

7 1,4-Dioxane SO4
2�/ZrO2-TiO2 58

8 Dimethylformamide SO4
2�/ZrO2-TiO2 65

9 EtOH No catalyst 03

NR: no reaction.
aReaction conditions: Phenacyl bromide (0.001mol), o-phenylenediamine (0.001mol), 20 SO4

2�/ZrO2-TiO2 in 10ml EtOH,
at 70 �C for 50min.

bIsolated yields.
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In Figure 3, diffraction peaks are observed due to anatase TiO2 at 24.83, 36.15, 37.67,
47.20, 53.98, 61.08, and 68.94�, which corresponds to the crystal planes (101), (103),
(004), (200), (105), (204), and (116), respectively.[29] However, diffraction peaks are
detected due to tetragonal ZrO2 at the 27.47, 30.49, 32.91, 33.97, 50.57, 59.11, and
75.06� that corresponds to the reflections of crystal planes (�111), (101), (111), (110),
(112), (211), and (220), respectively.[30,31]

Figure 4 shows the FT-IR spectra of sulfated TiO2-ZrO2 solid acid catalyst. The peaks
at 1348, 1440 cm�1, and in the region 1180–1050 cm�1, can be attributed to the asym-
metric and symmetric stretching frequency of the O¼ S¼O and O–S–O groups.[32–34]

The peaks at lower frequency in the range 500–1100 cm�1 are due to M–O stretching,
which confirms the presence of metal oxides. Whereas, the peak observed at 1625 cm�1

was refers to the bending modes of the –OH groups of water molecules present in
the sample.
Figure 5 shows the differential scanning calorimetry (DSC), thermogravimetric ana-

lysis (TGA) of sulfated TiO2-ZrO2 uncalcinated sample. The TGA measurements agreed
fairly well with those expected decompositions of uncalcinated sulfated metal oxide
samples. The weight loss events below 600 �C were corresponds to the removal of
adsorbed water and the dehydroxylation process. However, the major weight loss in the
temperature range is about 600–800 �C, which refers to the decomposition of sulfate
groups. Differential scanning calorimetry has shown the endothermic peaks that corres-
pond to the removal of adsorbed water, dihydroxylation process, and decomposition of
sulfate groups.
We have also investigated the recyclability of SO4

2�/ZrO2-TiO2 catalyst for the model
reaction of o-phenylenediamine (1) and phenacyl bromide (2a) in ethanol solvent at
70 �C for 50min. and observed results were incorporated in Figure 6.
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The plausible mechanism for the quinaxolines synthesis was depicted in Scheme 3,
which involves the protonation of the carbonyl group of phenacyl bromide over SO4

2�/
ZrO2-TiO2 catalyst (A). Later on, it reacts with o-pheneylenediamine that involves dehy-
dration and dehalogenation simultaneously resulting in the formation of cyclic product
B, which is readily oxidized in air to form desired product C.
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Conclusion

In conclusion, we have developed a mild, efficient, and environmentally benign syn-
thetic protocol for the synthesis of quinoxalines (3a–m) from substituted phenacyl bro-
mides/benzil and o-pheneylenediamines using SO4

2�/ZrO2-TiO2 catalyst. The key
feature of the current protocol involves simple reaction conditions, no side reaction
with the formation of the desired product in high yield. The present method is an alter-
native to the conventional processes for the synthesis of quinoxalines. The catalyst could
be recovered several times without loss of catalytic activity, which makes the process
cost-effective.

Experimental

General procedure for the preparation of SO4
22/ZrO2-TiO2 catalyst

SO4
2�/TiO2-ZrO2 solid acid catalyst has been synthesized by sol-gel synthetic method

followed by impregnation method. Initially the solution of 50mL ethyl alcohol, 2mL
conc. HCl and 0.5mL acetic acid were stirred for 30min. To this solution, titanium iso-
propoxide (3.16mL) and zirconium propoxide (3.35mL) were added dropwise with
constant stirring for 1 h. The solution has been treated at 50 �C for a gel formation and
the ethanol has been evaporated. The formed gel has been dried in an oven to form a
powder. The formed powder has been used for sulfate impregnation. Here, we have
used the 15mL 0.5M H2SO4 per gram of powder. After this, the formed powder has
been added to the H2SO4 solution. The water has been evaporated by heating on the
sand bath. The formed sulfonated powder has been calcined at 650 �C for 4 h.
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Figure 6. The recyclability of SO4
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General experimental procedure for synthesis of quinoxalines

Phenacyl bromides/benzil (2a–m) (0.001mol) and SO4
2�/ZrO2-TiO2 catalyst (50mg) were

dissolved in EtOH (3mL) at room temperature for 10min. Then o-phenylenediamine
(1a–b) (0.001mol) was added slowly to the reaction mass. The resultant mixture was
heated for a stipulated time. The progress of the reaction was monitored by thin-layer
chromatography. The reaction mixture was diluted with ethyl acetate (10mL) and the cata-
lyst was recovered by simple filtration. The crude product was purified by crystallization
using ethanol to afford the pure quinoxalines (3a–m). The melting points of the desired
products were found to be in good agreement with those reported in the literature.[35–41]

2-(Phenyl)quinoxaline (3a)
The compound (3a) was obtained by SO4

2�/ZrO2-TiO2 catalyzed reaction in between
o-pheneylenediamine (1a) and phenacyl bromide (2a) as bright yellow solid; yield 94%;
mp 73–75 �C; 1H NMR (400MHz, CDCl3) d (ppm): 7.48–7.77 (m, 5H, Ar-H), 8.06–8.14
(m, 4H, Ar-H), 9.38 (s, 1H); 13C NMR (75MHz, CDCl3) d (ppm): 126.42, 128.15,
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129.43, 131.32, 135.22, 141.62, 142.15, 143.12, 150.34; HRMS (ESIþ) calcd. for C14H10N2

(MþH)þ: 207.0923; found 207.0926.

2,3-Diphenylquinoxaline (3m)
The compound (3m) was obtained by SO4

2�/ZrO2-TiO2 catalyzed reaction in between
o-pheneylenediamine (1a) and benzil (2m) as white solid; yield 91%; mp 123–125 �C;
7.32–7.54 (m, 5H, Ar-H), 7.74–7.80 (m, 2H, Ar-H), 8.18–8.20 (m, 2H, Ar-H); 13C NMR
(75MHz, CDCl3) d (ppm): 128.28, 128.81, 129.21, 129.83, 129.97, 139.06, 141.23,
153.48; HRMS (ESIþ) calcd. for C20H14N2 (MþH)þ: 283.1235; found 283.1238.
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information or knowledge and prove helpful in making awareness among LIS Professionals 

in Marathwada. Data was collected by means of a questionnaire that was circulated among 

the LIS Professionals randomly. Present article reports the survey of social networking site, 

Facebook in making awareness among LIS Professionals. Analysis will help the LIS 

professionals in deriving the benefits of SNS, Facebook. 

Facebook, LIS Professionals, College Librarian, Social Networking Sites,                     

Marathwada, Maharashtra and Internet. 

SNS such as such as Friendster, 

CyWorld, and MySpace allow individuals 

to present themselves, articulate their 

social networks, and establish or maintain 

connections with others. These sites can be 

related contexts 

(e.g., LinkedIn.com), romantic relationship 

initiation (the original goal of 

Friendster.com), connecting those with 

shared interests such as music or politics 

(e.g., MySpace.com), or the college 

student population (the original 

nation of Facebook.com). Participants 

may use the sites to interact with people 

they already know offline or to meet new 

people. The online social network 

application analyzed in this article, 

Facebook, enables its users to present 

themselves in an online 

accumulate ‘‘friends’’ who can post 

comments on each other’s pages, and view 

each other’s profiles. Facebook members 

can also join virtual groups based on 

common interests, see what classes they 

have in common, and learn each other’s’ 

hobbies, interests, musical tastes, and 

romantic relationship status through the 

profiles. 

Facebook constitutes a rich site for 

researchers interested in the affordances of 

social networks due to its heavy usage 

patterns and technological capacities that 

bridge online and offline connections. We 
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believe that Facebook represents an 

understudied offline to online trend in that 

it originally primarily served a 

geographically-bound community (the 

campus). When data were collected for 

this study, membership was restricted to 

people with a specific host institution 

email address, further tying offline 

networks to online membership. In this 

sense, the original incarnation of Facebook 

was similar to the wired Toronto 

neighborhood studied by Hampton and 

Wellman (e.g., Hampton, 2002; Hampton 

& Wellman, 2003), who suggest that 

information technology may enhance 

place-based community and facilitate the 

generation of social capital.1 Previous 

research suggests that Facebook users 

engage in ‘‘searching’’ for people with 

whom they have an offline connection 

more than they ‘‘browse’’ for complete 

strangers to meet (Lampe, Ellison, 

&Steinfield, 2006). 

 

An Overview of Facebook: 

Created in 2004, by 2022 Facebook 

was reported to have more than 2.934 

billion registered members (July, 2022) 

generating 1.6 billion page views each 

day. The site is tightly integrated into the 

daily media practices of its users: The 

typical user spends about 20 minutes a day 

on the site, and two-thirds of users log in 

at least once a day (Cassidy, 2006; 

Needham and Company, 2007). 

Capitalizing on its success among college 

students, Facebook launched a high school 

version in early September 2005. In 2006, 

the company introduced communities for 

commercial organizations; as of November 

2006, almost 22,000 organizations had 

Facebook directories (Smith, 2006). In 

2006, Facebook was used at over 2,000 

United States colleges and was the seventh 

most popular site on the World Wide Web 

with respect to total page views (Cassidy, 

2006). 

Much of the existing academic 

research on Facebook has focused on 

identity presentation and privacy concerns. 

Looking at the amount of information 

Facebook participants provide about 

themselves, the relatively open nature of 

the information, and the lack of privacy 

controls enacted by the users, Gross and 

Acquisti (2005) argue that users may be 

putting themselves at risk both offline 

(e.g., stalking) and online (e.g., identify 

theft). Other recent Facebook research 

examines student perceptions of instructor 

presence and self disclosure (Hewitt and 

Forte, 2006), temporal patterns of use 

(Golder, Wilkinson, and Huberman, 2007), 

and the relationship between profile 

structure and friendship articulation 

(Lampe, Ellison, and Steinfield, 2007).  

In contrast to popular press 

coverage which has primarily focused on 

negative outcomes of Facebook use 

stemming from users’ misconceptions 

about the nature of their online audience, 

we are interested in situations in which the 

intended audience for the profile (such as 

well-meaning peers and friends) and the 

actual audience are aligned. We use 

Facebook as a research context in order to 

determine whether offline social capital 

can be generated by online tools. The 

results of our study show that Facebook 

use among college-age respondents was 

significantly associated with measures of 

social capital. 

 

LIS Professionals in Marathwada: 

Generally all the people who are 

engaged with library and information 

science subject either as a Librarian or 

Lecturer or Research Scholar or Technical 

Assistant or Student are called LIS 

Professionals. But In LIS Professionals we 
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have taken here the Assistant Librarian, 

Deputy Librarian who was working in 

Marathwada Region. 

The name Marathwada identifies 

one of the five regions in Maharashtra 

state of India. The region coincides with 

the Aurangabad Division. There are 8 

districts in Marathwada region i.e. 

Aurangabad, Jalna, Beed, Parbhani, 

Naned, Latur, Hingoli and Osmanabad. 

Marathwada is one of six administrative 

division India’s Maharashtra state. 

Aurangabad division coincides almost 

perfectly with the Marathwada region of 

Maharashtra.  

Eight questions were asked to them 

and we have received answers of all of 

them. We have taken five social 

networking sites – Facebook, Google+, 

Twitter, What’s Up, YouTube and Yahoo 

to conduct our study and to reveal LIS 

Professional’s view about them as whether 

these sites are helpful in making awareness 

among them or not. 

 

Problem Statement: 

There are many studies conducted 

to find out the impact of social networks 

on young generation. But the present work 

is conducted among the LIS Professionals 

to explore how social networking site 

Facebook proves helpful in generating 

awareness. 

 

Review of Literature: 

Online social network tools may be 

of particular utility for individuals who 

otherwise have difficulties forming and 

maintaining both strong and weak ties. 

Some research has shown, for example, 

that the Internet might help individuals 

with low psychological well-being due to 

few ties to friends and neighbors (Bargh 

and McKenna, 2004). Some forms of 

computer-mediated communication can 

lower barriers to interaction and encourage 

more self-disclosure (Bargh, McKenna, & 

Fitzsimons, 2002; Tidwell & Walther, 

2002); hence, these tools may enable 

connections and interactions that would 

not otherwise occur. For this reason, we 

explore whether the relationship between 

Facebook use and social capital is different 

for individuals with varying degrees of 

self-esteem (Rosenberg, 1989) and 

satisfaction with life (Diener, Suh, and 

Oishi, 1997; Pavot and Diener, 1993), two 

well-known and validated measures of 

subjective well-being. This leads to the 

two following pairs of hypotheses: 

Social media, social networking, 

online communication words used 

parallely. Zakaria et al (2010) believes that 

social media applications have already 

being accepted by young generations as a 

platform to socialize, collaborate and learn 

in an informal and flexible manner 

although their level of involvement and 

contribution varies significantly. Al- 

Daihani’s study (2010) explores that the 

majority of MLIS students are aware of 

social software applications and they make 

moderate use of blogs, communication 

tools and social networking sites. Sheens 

study among students of the Pakistan 

reveals that the use of social networking 

site indicates popularity of facebook.com 

among these youth more often. The survey 

of Pew Internet (2010) says that Facebook 

is the most commonly used social network 

among adults. Subramanian, et al (2008) 

reported the findings of study conducted to 

understand the role of SNS in college 

student’s lives. The figure and statistics 

shows how Facebook has a very influential 

role in the lives of young adults. In present 

paper the investigator has the aim of 

exploring how LIS Professionals 

integrated Facebook as a tool helpful in 

generating awareness. 
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Objectives of the Study: 

� To find out the role of social 

networking site, Facebook in 

creating awareness among LIS 

Professionals in Marathwada. 

� To explore LIS Professionals view 

about its uses and services. 

� To identify potential contribution 

of Facebook to fill the gaps among 

LIS Professionals. 

� To identify the methods of data 

collection and analysis. 

� To explore how to retrieve the 

relevant information with the use 

of Facebook by LIS Professionals. 

� To help LIS Professionals to 

generate a user driven environment 

and updates user with changing 

environment. 

� To reveal Problems in the use 

Facebook. 

 

Limitations: 

The study is limited to LIS 

Professionals as we want to reveal uses of 

Facebook in developing awareness about 

current happenings, professional 

information, job opportunities and 

educational development. 

 

Methodology: 

The study was based on survey as 

were administered among LIS 

Professionals in Marathwada working as 

Librarian of randomly. The collected data 

were analyzed using statistical tools. 

 

Data Analysis and Interpretation: 

The data is analyzed in view to the objectives mentioned in the study as follows: 

 

1. Gender wise Analysis: 

Table No 1: Gender Wise Analysis of Respondents 

Sr. No Gender Respondents Percentage 

1 Male 125 68% 

2 Female 59 32% 

  Total 184 100% 

The result of this study shows that out of 184 respondents 125 (68%) were male and 

59 (32%) were female. 

 

2. Most Used SNS: 

Table No 2: Most Used Social Networking Sites 

Sr. No SNS Respondents Percentage 

1 What’s Up 164 89% 

2 Facebook  107 57% 

3 You Tube 53 29% 

4 Yahoo 49 27% 

5 Twitter 28 15% 

6 Other 11 6% 

 

It is clear from the above table that 

What’s Up was the most often used Social 

networking site among LIS Professionals 

with 164 (89%)%, Facebook was the 

second most used SNS with 107 (57%) 

respondents respectively. You Tube recite 
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in third position having 53 (29%), Yahoo 

was in fourth  position with 49 (27%), 

Twitter was in sixth position with 28 

(15%) and other for exe, LinkedIn, Ning, 

Grouply, Blog, Flicker, Photo bucket,  Net 

log, with 11 (6%) of respondents 

respectively.Respondents may select more 

than one checkbox, so percentages may 

add up to more than 100%. 

 

3. Frequency of Using Facebook: 

Table No 3. Frequency of use of Facebook 

Sr. No Frequency Respondents Percentage 

1 Daily 112 61% 

2 Sometime 62 34% 

3 Rarely 10 5% 

  Total 184 100% 

 

It is observed in the study the out 

of 184 respondents 112 (61%) of LIS 

Professionals were use Facebook every 

day, 62(34%) used it sometimes, and 10 

(5%) rarely used of Facebook respectively.  

 

4. Purpose of Using Facebook: 

Table No 4: Purpose of Using Facebook 

Sr. No Purpose Respondents Percentage 

1 To get interact professionally 122 66% 

2 

To keep abreast of the latest news & 

commentaries 110 60% 

3 To participating in discussions 87 47% 

4 To Express Creativity  82 45% 

5 Other 11 6% 

 

It is revealed from the above table 

that 122 (66%)  LIS Professionals were 

use Facebook to interact professionally, 

110 (60%) to use keep abreast of latest 

news and commentaries, 87(47%) of users 

to use to participating in discussions of the 

LIS field, 82 (45%) used to Express 

Creativity and 11 (6%) used to other for 

example to connect LIS Professionals all 

over the World somebody have says it’s 

very best platform in LIS field, for time 

pass, To build a strong library network 

across world with new people and distant 

friends. Respondents may select more than 

one checkbox, so percentages may add up 

to more than 100%. 

 

5. Satisfaction Level of Using Facebook: 

Table No 5: Satisfaction Leval of use of Facebook in Making Awareness 

Sr. No Satisfaction View No of Respondents Percentage 

1 Agree 126 69% 

2 Disagree 15 23% 

3 Neutral 43 8% 

  Total 184 100% 
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It is founded that the out of 184 

respondents the 126 (69%) LIS 

Professionals were agree that Facebook 

proved helpful in making awareness, 43 

(8%) have the neutral opinion and 15 

(23%) were disagree with it. 

 

6. Facebook work as a Platform: 

Table No 6: Facebook works as a platform to interact beyond barriers of location & 

Nationality 

Sr. No Satisfaction View Respondents Percentage 

1 Agree 142 78% 

2 Disagree 8 4% 

3 Neutral 34 18% 

  Total 184 100% 

 

In response to the above question it 

is founded that 142 (78%) LIS 

Professionals were of the view that 

Facebook actual works as a platform to 

interact beyond barrier, 35 (18%) were 

neutral and 8(4%) were disagree with it. 

 

7. Satisfaction of Facebook Users: 

Table No 7: Satisfaction of Facebook User 

Sr. No Satisfaction View Respondents Percentage 

1 Satisfied 108 58% 

2 Not Satisfied 16 9% 

3 Neutral 60 33% 

  Total 184 100% 

 

The result of the study shows that 

majority of the respondents were satisfied 

in the use of Facebook with 108(58%), 16 

(9%) were neutral and 60 (33%) were not 

satisfied with it. 

 

8. Problems in Using Facebook: 

Table No 8: Problems in Using Facebook 

Sr. No Problems Respondents Percentage 

 1 Lack of time 123 67% 

 2 Lack of technical support 56 30% 

 3 No privacy ensured 85 46% 

 4 It is not useful for education 33 18% 

 5 It has no role in making awareness 20 11% 

 6 Other 3 2% 

 

Various problems have been 

mentioned by the respondents among them 

123 (67%) LIS Professionals were of the 

view that they lacks time to use Facebook, 

85 (46%) thought that no privacy secured 

in the use of Facebook, 33(18%) have the 

opinion that it was not useful for 

educational purpose, 56 (30%) were suffer 

from technical problem and 20 (11%) were 

founded that it plays nor role in making 
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awareness and 3(2%) LIS professionals 

founded that other problems of using 

Facebook for example No Permission to 

use Facebook on duty, it gives information 

transfer to both parties. Respondents may 

select more than one checkbox, so 

percentages may add up to more than 

100%. 

 

Conclusion: 

It is observed that most LIS 

Professionals are connected to each other 

by Facebook to share experiences, views 

and participated in creating awareness. It 

has become one of the largest platforms in 

the world for sharing real time 

information. Facebook allows users to 

interact and collaborate with each other in 

a social media dialogue as creators of user 

generated content in a virtual community, 

in contrast to websites where users are 

limited to the passive viewing of content 

that was created for them. The conducted 

study is an attempt to give an overview of 

social networking site Facebook and its 

possible uses for LIS Professionals and to 

assess how much real transformation this 

technology can deliver, while deflating 

reaffirmation and singling out the real 

value of these innovations. 
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Abstract:  

Library website is online public image of the library. The present study is carried out 

evaluation of the content available on library websites of the Rayat Shikshan Sanstha, 

Satara’s Autonomous Colleges. Data was collected from the library websites and evaluated 

through defined checklists.  Checklist are defined under the parameters i.e., general 

information, library services and website features. The purpose of present study is to find out 

the scope for improvement of the library website.   
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Introduction: 

Covid 19 pandemic has changed 

the paradigm of learning system from 

classroom to online learning. Teacher, 

students and researchers are more familiar 

with the information and communication 

technology. Library stockholders are 

expecting the online services. College 

Library websites are playing the important 

role in providing online library services. It 

is public image of the library, where the 

information of collection, services, 

facilities, infrastructure are displayed. 

Library website provides the online 

services like, remote access to resources, 

reference service, ask a librarian etc. 

Content on the website is displayed in 

different forms. Website can be evaluated 

based on content displayed on the website.   

 

 

 

Rayat Shikshan Sansth’s Satara: 

 Rayat shikshan Sanstha is a leading 

educational institution in Asia established 

in 1919 by the Padmabhushan Karmaveer 

Bhaurao Patil and his legendary wife Sou. 

Laxmibai Patil. It’s headquarter is located 

at the Satara (MH) in India. The vision of 

this Institution is “ Education to all the 

classes of society, especially to the 

downtrodden, economically and socially 

backward sections of society"  with the 

slogan “Education through self-help” 

(Rayat Shikshan Sanstha, n.d.). Rayat 

Shikshan Sanstha provides the education 

from primary to Ph.D. through 675 schools 

and colleges. More than 4,44,000 are 

studying in this Institution. The institution 

has 23 senior colleges which provides the 

bachelor and above degree education, out 

of the total colleges, 5 colleges has got the 

autonomous status from the concern 

authority. Present study is carried out the 

http://www.ijaar.co.in/
mailto:bddhakne@gmail.com
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analysis of the content available on these 

autonomous college’s library websites.  

 

Literature Review:  

 Ambika & Ganesan, (2021) 

carried out the study the content analysis 

of 13 central university library websites 

with 29 check lists , they observed need of  

more effort to develop the library website. 

They also recommended website 

development the training for library 

professionals.  Hugar (2019) has analyse 

the content on engineering college library 

websites in goa. He evaluated the 5 

engineering college library websites. He 

suggests the   library website should be 

focus on services rather than providing the 

administrative information. Kuri & 

Maranna, (2018) presented in their 

conference paper “Content Analysis of 

Central University Library Websites of 

South India” . Study of 7library websites 

of central universities located at Andhra 

Pradesh, Telangana, Kerala, and Tamil 

Nādu. has been carried out. They 

concluded,  most of the library has Rich e-

collection, OPAC, Circulation, online 

database access has provided by the 

central university library.  Verma & Devi 

( 2015)carried out the content analysis 

study of the library webpage of the Central 

Universities of the North Eastern States in 

India. They found the basic information 

and services are provided on the university 

library websites. Mohammed et al. (2014) 

has done the content analysis of the 

university library websites in Nigeria. 

They are found that, there is enormous 

scope to develop the library websites. 

They also suggest the librarian should 

fully participate in developing the library 

website.  Library website should focus on 

information need of the users.  

 

Objectives of the Study:  

 To analyse contents of the library 

websites of the Rayat Shikshan 

Sanstha’s Autonomous Colleges. 

 To determine library resources, 

services available on the website. 

 To suggest measures for the 

improvement the library websites.  

 Ranking the library website of the 

colleges  

 

Scope of the Study: 

 This study is limited to the library 

websites of autonomous status 

colleges of the Rayat Shikshan 

Sanstha, Satara only.  

 Study is limited to content 

available on the library websites in 

August-September 2022.  

 

Methodology:  

 Data has been collected from the 

observation of the library websites. The 

websites have been evaluated by the 

checklist made before the observation. 

Content is evaluated based on three 

parameters. i.e. 1. General information 2. 

Library services 3. Special features. These 

parameters are defined based on previous 

library website evaluation studies.  Data 

also collected from the librarian of 

colleges for more detail of information.  

 

Autonomous Colleges of the Rayat Shikshan Sanstha: 

The following colleges of the Rayat Shikshan Sanstha, Satara  are Autonomous 

Colleges (Rayat Shikshan Sanstha, n.d.).  
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Sr. 

No. 

College Abbreviation  Library Website  

01 
Sadguru Gadage Maharaj College, 

Karad 

SGMK 
https://sgm.edu.in/sgmkplibrary/ 

02 
Dhananjayrao Gadgil College of 

Commerce, Satara 

DGCS 
 

03 
Yashwantrao Chanvan Institute of 

Science, Satara 

YCIS 
http://ycisslibrary.weebly.com/ 

04 
Karmaveer Bhaurao Patil College, 

Vashi 

KBPV https://www.kbpcollegevashi.edu.

in/Department/Deptindex.aspx?pa

ge=a&ItemID=qe&nDeptID=ma 

05 Chhatrapati Shivaji College, Satara CSCS https://csclibrary.weebly.com/ 

06 
Karmaveer Bhaurao Patil 

Mahavidyalaya, Pandharpur 

KBPP https://www.kbppandharpurlibrar

y.in/ 

Table No. 1. Autonomous College Library Websites 

 

There are 6 colleges of the Rayat 

Shikshan Sanatha, which got the 

autonomous status from the concern 

authority. Out of the total 6 colleges, 5  has 

the library website, Dhananjayrao Gadgil 

College of Commerce, Satara has not 

posted the library website on the web, 

therefore the analysis has been carried out 

of the 5 colleges in this study.  

 

Content Analysis: 

General Information: 

 This evaluation parameter finds the general information displayed on the library 

website.  

Sr. 

No. 

Information  SGMK YCIS KBPV CSCS KBPP Percentage  

1 About Library Y Y Y Y Y 100% 

2 Vision Mission Statement  Y Y Y Y N 80% 

3 Library Hours  Y Y N Y Y 80% 

4 Code of Conduct/ Rules & 

Regulation/ Library Policy 

N Y Y Y Y 80% 

5 Collection   Y Y Y Y Y 100% 

6 Membership Y N N Y N 40% 

7 Services  Y Y Y Y Y 100% 

8 Infrastructure Y N N N N 20% 

9 Library Staff Y Y N Y Y 80% 

10 Advisory Committee  Y N Y Y Y 80% 

11 Library Sections  Y N N N N 20% 

12 New Arrivals Y Y N N N 40% 

13 Statistics  N N N N N 0% 

14 Library News /Events 

 /Announcements 

Y N N Y Y 60% 

15 Contact Information Y N N Y Y 60% 

 Total Score  13 8 6 11 9  

Y= Yes, N=No 

Table 2. General Information available on the library websites 
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It is observed in Table No. 2, all 

(100%) libraries displayed the information 

regarding library, collection and services 

on the website. Vision mission statement, 

library hours, code of conduct, library 

staff, advisory committee are displayed by 

the (80%) college libraries on their 

websites. Number of 3 (60%) libraries has 

provided the content of library events and 

contact information, whereas 2 (40%) 

libraries have displayed the new arrivals 

and membership details.  Only SGMK 

colleges website shows the content of 

infrastructure, library sections and 

infrastructure. No library displayed the 

statistics on website.  

 SGMK Library has displayed 13 

checklists of the content on the website, 

CSCS has provided 11 contents on their 

website. KBPP, YCIS, KBPV has 

displayed on website 9, 8 and 6 checklist 

contents respectively.  

 

Library Services: 

Sr. 

No. 

Information  SGMK YCIS KBPV CSCS KBPP Percentage 

1 OPAC Y Y Y Y Y 100% 

2 Institutional Repository  Y Y N Y Y 80% 

3 Link to Open Access 

Journals/Books/Databases  

Y Y Y Y Y 100% 

4 N List  Y Y Y Y Y 100% 

5 Federated Search N N N N N 0% 

6 Ask a Librarian /Reference 

Service  

N Y N N N 20% 

7 Syllabus Y Y N Y Y 80% 

8 Question Papers  Y Y N Y Y 80% 

9 FAQs N N N N N 0% 

10 Photo/ Video Gallery  Y Y N Y Y 80% 

11 Plagiarism policy N N N N N 0% 

12 Book Suggestions  Y N N N N 20% 

13 News Paper Clipping  Y N N N N 20% 

 Total Score out of 13 9 8 3 7 7  

Y= Yes, N=No 

Table 2. Library Services on the library websites 

 

Table No.3 provides the 

information of the library services 

provided on website by the autonomous 

college libraries. All (100%) Libraries 

provide OPAC, links of the library open 

access e resources and link to NLIST on 

their website.  Access to institutional 

repository, syllabus, question papers, 

photo gallery is provided on the website by 

the 80% libraries. Ask a librarian facility 

provided by the YCIS only. Online Book 

suggestion and newspaper clipping are 

provided on SGMK Library website only. 

Whereas, no library provides federated 

search, FAQ, plagiarism  policy.  

It is observed that, all libraries tried 

to provide most of the basic library 

services on their website, whereas 

advanced library services like, federated 



IJAAR    Vol.10 No.1  ISSN – 2347-7075 
 

Badrinath D. Dhakne & Madansing D. Golwal  
371 

search, plagiarism check service are not provided through website.  

 

Features of Library Website: 

Sr. 

No. 

Information  SGMK YCIS KBPV CSCS KBPP Percentage 

1 Continuously update  Y Y Y Y Y 100% 

2 Navigation  Y N N N N 20% 

3 Downloads Forms  N N N N N 0% 

4 Links of Social Networking  Y N N N N 20% 

5 Feedback  Y Y N N N 40% 

6 Website Visit Counter  Y N N Y N 40% 

7 Copyright statement  N N N N N 0% 

8 Google Map Location Y N N N N 20% 

9 Sitemap N N N N N 0% 

 Total Score  6 2 1 2 1  

Y= Yes, N=No 

Table 4. Features of library websites 

 

Table No. 4 shows the features of 

the library websites. It is observed that all 

library websites are continuously updated. 

SGMK library displayed the navigation, 

link to social networking sites, location of 

the library on map. Feedback and website 

visitor counter (hit counter) are provided 

by the 40% libraries on their website. No 

library website displayed the copyright 

statement, sitemap and facility to 

download the forms.  

 It is found that, SGMK library has 

tried to develop the easy access to the 

website through multiple features.  YCIS, 

KBPV, CSCS, KBPP libraries have not 

given  more attentions toward the features 

of the library for easy access to its multiple 

webpages  and services.  

 

Ranking: 

Rank Name of the 

College 

General 

Information 

(15) 

Library 

services 

(13) 

Website 

Features 

(9) 

Score 

 

(37) 

Percentage 

1 SGMK 13 9 6 28 75.67% 

2 CSCS 11 7 2 20 54.05 % 

3 YCIS 8 8 2 18 48.64 % 

4 KBPP 9 7 1 17 45.94 % 

5 KBPV 6 3 1 10 27.27 % 

       

Table 5. Ranking of library websites 

 

The content analysis is carried out 

based on three parameters i.e., general 

information, library services, websites 

features. These parameters made with the 

37 check list points.Ranking has been 

carried out based on the parameters and 

content provided on the websites. It is 

observed that Sadaguru Gadage Maharaj 

College Karad (SGMK) has got the first 

position with the 27 (75.67%) points. 
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Chhatrapati Shivaji College Satara (CSCS) 

provided 20 (54.05%) points at second 

position, Yashvantrao Chavan Institute of 

Satara (18 points, 48.64%), Karmaveer 

Bhaurao Patil Mahavidyalaya, Pandharpur 

(17 points, 45.94 %) and Karmaveer 

Bhaurao Patil College, Vashi (10 points , 

27.27 %)  got the third, forth and fifth 

position  respectively. 

 

Conclusion: 

 Library website is the online 

gateway to the library. After the covid 19 

pandemic role of library has been changed. 

The present study found that, most of the 

library provides access to the institutional 

repository through the library website. All 

libraries   have given the links to the open 

access resources on the webpages.  

General information of the library 

provided by the most of libraries. Ask a 

librarian, reference service, federated 

search, plagiarism policy/service, forms 

for downloads, library statistics should be 

provided on the library websites. 
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Abstract: This paper is a case study of College Library of Ramkrishna Paramhansa 

Mahavidyalaya,, Osmanabad. The developments and changes in the ICT havechanged the 

user's expectations from the academic libraries in different ways.The college libraries not 

only provides stimulus toreading by procuring materials for study and research, by 

introducing open access system, by providing long hours of open, by organizing the library 

resources in a systematic way, but also feeds the intellect of the student, encourage the 

researches of the faculty and thus serve the teaching and research needs of the faculty. The 

automated library can provide extended services to the users of the library. The paper 

describes in detail aboutthe weeding policy &stock verification process using SLIM21 

Library Automation Software and to identify the status of library. 

Keywords: College Library, Library Automation, ICT, Library Automation Software, 

SLIM21, Weeding PolicyandStock Verification. 

---------------------------------------------------------------------------------------------------------------- 

1.  Introduction: 

 Libraries play vital role in the educational, industrial and technological progress of a 

country. Progress of the nation depends upon advance knowledge gained by educationists, 

technologists, engineers and scientists of the country. Hence the role of libraries in 

Universities and then educational institutions is to active a free flow of information from the 

point of generation to the point of utilization of information efficiently and effectively. The 

present educational policy emphasizes on self-study, experiments, field study and research 

rather than classroom study. Therefore, library has to play vital role in the higher education to 

meet user requirements. Optimum use of resources is possible through networks only. 

2.  Development Of Library Automation: 

 Library automation began in the late 1970s in a few special libraries and has now 

reached most of the university libraries. It has yet to take off in college libraries in India 

owing to various problems. Many studies on library automation have been undertaken in the 

West, but few have been undertaken in IndiaThe automation of libraries and information 

centers in India started in middle 19th century till the concept of automation was entered on 

the use of computers for housekeeping operations and information services by individual 

Lab 1
Highlight
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libraries. There are certain factors responsible for the automation of the libraries. Information 

explosions, increased user’s demand, labour intensive nature of work, changing concepts of 

documents.  

3. A Profile: 

 Ramkrishna Paramhansa Mahavidyalaya, Osmanabad is the first college established 

on 01st June, 1959 by Shri Swami Vivekanand Shikshan Sanstha, Kolhapur, one of the 

established institutions in Maharashtra founded by Shikshan Maharshi Dr. Bapuji Salunkhe 

with a motto-Dissemination of Education for Knowledge, Science and Culture. Osmanabad is 

the district in Marathwada Region which is drought prone and economically backward and 

here only investment is Education. The College is affiliated to Dr. Babasaheb Ambedkar 

Marathwada University, Aurangabad and has been included under 2(F) and 12B category of 

the UGC. The college is reaccredited in the 3rd cycle with ‘B+’grade by NAAC with CGPA 

2.60. The UGC has identified the college as “The College with Potential for Excellence” 

(Phase – II).  

The College has following full-fledged facilities - 

 Library with 94,437books 

 41 Journals + 16 Newspapers 

 N-LIST E-resources 

 BAMU Remote Access 

 Computer Lab with 10 computers 

 Magzster Subscription 

 Ladies Hostel 

 Gymkhana 

 4. College Library: An Overview: 

 The library is the lung of every educational institute, which breathes knowledge and 

information into the minds of the students. The has well-equipped Library and Information 

Centre with an elaborate collection of books, e-books, CD-ROMs, journals, e-journals, 

project reports, audio-visual materials and other resources to serve its users.The Library 

Advisory Committee considers the development proposals of the library and budget 

allocations and policy decisions. It also provides directions for a structured and balanced 

growth of the library and to provide improved facilities and innovative services. Allocation 

and utilization of funds and introduction of developmental programs and requirements of the 

users are addressed and approved by the Library Advisory Committee.The scope of the study 

is the College Library in all respects such as in-house operation its automation, information 

services etc., since the computerization started in end of year 2012 the study will bring out its 

strength and weakness that will help the library to improve the system to user's satisfaction. 

4.1 Collection development: 
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The Library and Information Centre came into existence in the year 1959. The main 

Library is equipped with a 94437 No. of national and international books, journals in the field 

of Arts, Commerce and Science Faculty including Personality Developments, Human Right, 

English, Research Methodology, and General reading, etc. and also with the modern and 

latest technology to cope up with latest development toprovide quality and quick services to 

its users.  

4.2 LibraryCollection Statistics : 

Sr. 

No 

Year No. of 

Books 

Expenditure(Rs.) No. of 

Journals 

Expenditure 

(Rs.) 

1 2016 – 2017 904 233604/- 85 233504/- 

2 2017 – 2018 3485 298529/- 52 298529/- 

3 2018 – 2019 340 97675/- 33 193250/- 

4 2019 – 2020 290 80620/- 29 174250/- 

5 2020 – 2021 330 97143/- 24 126400/- 

6 2021 – 2022 335 91634/- 19 71250/- 

   Table No.1 Statistics of the year 2016 - 2022  

4.3 Library Staff: 

 LC's Library and Information Centre has good team of qualified Professional Staff.  

4.4 Library Services: 

 ASPC's Library and Information Centre is providing the following services to its 

 users. 

 Circulation 

 Reference Service 

 Current Awareness Service 

 Selective Dissemination Service 

 Reprographic Service 

 Audio-Visual service 

 News Paper Clipping Service 

 WEB OPAC (Online Public Access Catalogue) 

 Interlibrary Loan 

4.5 Automation of College Library: 

 The term "Automation" describes the way in which a machine is programmed to do a 

job that a person might normally do. Automation is often used to assist with jobs, which must 

be repeated over and over again. 
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 "Library Automation" is a process of using computer- based system to do house - 

Keeping operations. Such as acquisition, circulation, classification, cataloguing, stock 

verification, etc. Ramkrishna Paramhansa Mahavidyalaya, Osmanabad is one of the Best 

College of its kind in Marathwada Region to have a computerized Library Services. 

Computerization started since January, 2014 with the System for Library Information and 

Management (SLIM21) is state-of-the-art integrated library management software designed 

and developed by the INFLIBNET Centre based is used. Currently updated version 3.7.0 is 

being used. SLIM21 is multi-user, multi-tasking integrated library management software 

working either on a single machine or in a client-server multi-platform environment and built 

a complete database of over 94,437 books. Further we have Online Services provided to our 

users through UGC & INFLIBNET N-LIST program with INTER LIBRARY LAN 

SYSTEM consisting of 7 terminals connected to, the library and information center Server 

storing our database. The Online Public Access Catalog (OPAC) is used to carry out online 

searches of library database by Author, Title; Keywords and Accession Numbers, which 

enables users to provide goodreference service to staff and students. 

4.6 Weeding Policy : 

 The development of collections of books, serials, and other sources of information as 

detailed in this policy plays a fundamental role in the Library’s mission.  Weeding is the 

process of identifying items to be withdrawn from a library collection. Weeding is an 

essential component of good library collection management because it is one of the tools for 

assuring that at any given time a library will contain the best and most relevant information. 

It is carried out with the library’s mission and collection development policy in mind. 

Weeding is an essential, continuing library practice in which materials are removed 

permanently from the Library’s collections. Book withdrawal is an important aspect of 

collection development.The following criteria were used to identify items to be withdrawn 

from the collection of the Library: 

4.6.1 Physical Condition : 

 Items on the open shelves need to be sturdy enough to withstand repeated reading, 

circulation, and routine handling. Books in damaged condition can be considered for 

withdrawal, repair/binding, or replacement 

4.6.2 Demand for the Information:  

 Past circulation is the best indicator of future circulation, items that have circulated 

little or none in the past five years are good candidates for withdrawal decision. 

4.6.3 Relevance of Information : 

 Library wants to provide information relevant to the needs of Hampton University’s 

faculty, staff, and students. However, the needs of both current and future faculty, staff, and 

students must be considered. 
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4.6.4 Currency of Information:  

 Library wants to provide current information. Items containing superseded 

information should generally be withdrawn. This is particularly true for items containing 

medical and scientific information. 

4.6.5 Disposition of Withdrawn Materials: 

 All materials withdrawn from the collection should be stamped as "discarded" or 

"withdrawn. The Librarian in agreement with the library committee will make the final 

decisions regarding the disposition of materials withdrawn from the collection. 

Recommended disposition of discarded materials are donated to other Jesuit institutions. 

4.7 Stock Verification: 

 Stock verification is one of the important functions of any enterprise. The term stock 

verification is also known as stock taking, physical verification or checking, stock inspection, 

inventory taking, etc. 

 Library automation plays an important role in integration of various library processes 

and help to reduce or avoid the human error. Access to library holdings available to users led 

to loss, damage and misplacement of books. To maintain the balance between various 

subjects and to take adequate precautionary measures it is necessary to do periodical 

inventory, accounting of library collection regularly. The systematic check of library holdings 

for finding out missing items is called as stock verification. It is also referred as stock taking, 

physical verification of stock inspection.Libraries adopt various methods to carry out the 

stock verification. 

4.7.1 Frequency of Stock Verification: 

 As per provisions contained in rule 116 Sub- Para (V to VII) of general financial 

rules, 1963(3rd). The decision in this regards is dependent upon the size of library holdings 

and thestrength of the library qualified staff posted in the library. 

 Rule116. Sub-Para (V): “Complete annual physical verification of books should be 

done every year in the case of libraries having not mere than 20,000 volumes &not fewer 

than two library qualified staff. If in case there is only one qualified staff the verification may 

be done as per sub-para (VI)”. 

 Rule 116. Sub Para (VI): “Complete physical verification at intervals of not more than 

3 yrsshould be done in case of libraries having more than 20,000 books but not more than 

50,000 Volumes.” 

 Rules 116 Sub-Para (VII): “Sample verification at intervals of not more than 5 years 

shouldbe done in case of libraries having more than 50,000 volumes. If such a sample 

verificationreveals unusual or un reasonable shortages, complete verification shall be done”.  
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4.7.2 Permissible loss in Stock Verification: 

 As per provisions contained in rule 116 Sub – Para (II) Loss three volume per 

thousandvolumes issued consulted in year may be taken as a reasonable provided such loss 

cannot beattributed to dishonesty or negligence on the past of librarian. Loss of book of 

valueexceeding Rs 200/- and book of special nature and rarity shall invariably be invested 

&consequential action taken. All such losses will have been written off only by 

competentauthority. 

4.7.3 Automated Stock Verification in Our College Library: 

 College has excellent updated fully computerized library which support the teaching 

learning & Research programme. Our library is fully automated with SLIM21 library 

management software. Barcode technology is one such technology being implemented in the 

libraries for its faster transactions. Barcodes are also widely used in the libraries for stock 

verification and circulation of documents 

 Computerized Stocks taking of these books are done by using IA21 ZEBRA stocks 

taking devisewith available manpower; it helps to reduce human error. Software in this devise 

is set such away that duplicate number will not enter into the stock. All our library staff 

takeouts books from the shelves,all the books arrange according to classification number. 

One person scan the barcode whichis pasted on book title page (Accession No.) & shelf 

number with the help of IA21 ZEBRA stocktalking devise. After the scanning get over all the 

cater data is transfer into computer andmissing accession no list is prepared and this list has 

to be prepared thoroughly withfollowing records. 

5. Conclusion: 

 The library is the lung of every educational institute, which breathes knowledge and 

information into the minds of the students. The stock verification helps to know the present 

status of the holdings of the library. Stock verification using modern technologies is 

important which improve the efficiency and accuracy of the system. It helps to find out the 

anomalies in the library management accurately. The present paper explained the weeding 

policy and stock verification by using of IA21 ZEBRA Device for library stock verifications. 

The use of the applications proved that the stock verification is systematic and fault free 

andthe reports generated by the system is accurate without human interaction. 
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