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Abstract:

Gas sensing properties of Bi-doped $rt@in films fabricated by Physical vapour
deposition technique have been reported in this paper. Undoped and doped tin oxide
semiconductors have applications in sensing many toxic gases and volatile organic
compounds such as COQ,, H,S, Ch, Ethanol etc., For example, Ethanol sensors is used as
a breath analyser, because the ethanol vapor in human breath can be correlated with its
concentration in the blood. G(being odourless, is difficult to be detected by smelling,
requires smart sensors. BismuBi)(is preferred as dopant material because the doping in
SnQ produces a greater number of oxygen vacancies that act as active surface sites for the
adsorption of oxygen. These oxygen vacancies excel response properties for a sensor
material. Bi-doped Sn@ may be used as G@as sensor. There are many reports in the
literature that highlight the gas sensing properties of doped nano structurgd SnO
Key words: Thin films, tin oxide, CQ sensor, doping, sensitivity, selectivity of sensor.
1.Introduction:

Since last few decades, among various oxides, $tif©oxide) semiconductor films
have been widely employed in recognition of volatile organic compounds as stable gas
sensors. They are also used in monitoring the environment, industries etc. [1], as window

layer in solar cells [2], as gas sensors to sense hazardous gasesJikKOCNQ, CNG etc.
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[3-5]. SnQ and TiQ are promising gas sensors because [6-9] of their advantages like low
cost, simple fabrication methods, and rapid response and recovery times [10].

Doping is one of the expected methods of enhancing the conductivity and stability of
the sensor by incorporating an atom or ion into host material [11, 12]. Although numerous
studies have been conducted on the electronic and optical properties of different
semiconductor oxides doped with metals, only a few theoretical studies exist on metal-doped
semiconductors oxides [13-15]. The present study aims to systematically study the effect of
Bi doping concentration on the structural properties, conductivity and stability of ISnO
combining theoretical calculations with our experiments.

Gas monitoring devices are in demand for a rapidly growing range of applications.
Sensors play an important role in the areas of emissions control, environment protection,
public safety, and human health [16, 17]. Much more public concern today than ever before
over serious environmental issues is further promoting the development of sensors with both
high sensitivity and rapid response. Metal oxide based chemical sensors have been used
extensively for the detection of toxic pollutant gases, combustible gases and organic vapours.
The main advantages of chemical sensors are low price, small size, high sensitivity, and low
power consumption. Ethanol is one of the most commonly used and wide spread alcohols,
and thus there is a need to develop sensors for its detection. The most common application of
ethanol sensors is as a breath analyser, since the ethanol vapor in human breath can be
correlated with its concentration in the blood [18]. Bi was preferred as dopant material
because the doping of Bi in SpProduces number of oxygen vacancies. These vacancies act
as active surface sites for the adsorption of oxygen which is very essential to possess
excellent response properties for a sensor material. There are many reports in the literature
that highlight the gas sensing properties of undoped and doped nano structuye@.SHE®
et. al. reported the effect of Bi doping on room temperature gas response properties of SnO
[19]. The physical synthesis method includes PVD. PVD is a form of thin film deposition,
which is a vacuum-based process for coating the surfaces of different objects with pure
materials. Coatings, also known as films, are commonly in the angstroms to microns
thickness range and may be made up of a single material or a layered system of several
materials. Thermal evaporation technique can be used to add pure atomic elements, such as
metals and nonmetals, as well as molecules like oxides and nitrides. PVD is a vacuum

coating process in which a coating material film is deposited atom by atom on a substrate by
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condensation from the vapor to the solid phase. The basic operation principle of PVD is
based on vacuum. During the deposition of thin film by vacuum evaporation following three

steps are involved shown in Figure 1.

Solid Phase (Thin Film)

{(Physical Morphology Change)

Transport and
Deposition

Gas Phase (Vapour)

Evaporation '

Source (Solid)

Fig. 1. Steps of thin film deposition in PVD
The aim of present work is to investigate the structural, morphological, electrical and
gas sensing properties of Bi-doped Sn@We have successfully fabricat®l-doped Sn@
thin films on standard glass substrates by using Physical Vapour Deposition. The prepared
film samples were analysed using X-ray diffraction (XRD), FESEM, EDAX, Static gas

sensing system etc.

2.Materials and Method:

Commercially available Snand Bismuth Oxide nanoparticles (purity 99.99%) were
used for the fabrications d@i-doped Sn@ thin films. Thin films were prepared by using
PVD system. The system consist vacuum pump system, which was evacuatéd1®’ 10
mbar pressure by rotary and diffusion pump appropriate arrangement shown in Figure 2. The
molybdenum boat is used to hold the nanoparticles of, &n@® bismuth in evacuated glass
chamber with appropriate arrangement of equipment like thermometer, power supply, high
current transformer and othefBhe chamber was filled with vacuum and for deposition
purpose clean glass substrates were used, the glass substrates were cleaned using acetone and
IR lamp. Nanoparticles of SnGnd bismuth place in molybdenum boat by some standard
arrangement and using maximum voltage power supply, which was used as the target for
evaporation. Then, prepared thin film were annealed using muffle furnace at temperatures
400°C and then used further study.
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Fig. 2: Schematic diagram of physical vapour deposition method
The film thickness in the present work has been measured by weight difference
method
within the error limited by the electronic balance used. The mass of the substrate was
calculated before depositing of films. The material was deposited on rectagtpdar
substrate. The mass of the deposited thin flm was again measured. The difference between
two masses gave the net mass of the material deposited. Thickness of the films was calculated

using the standard formula for the density, given by

Am
t=% e (1)

Where,Am is weight difference of the material before and after deposition, | is length
of the film deposited, b is breadth of the film and p is composite density of the deposited
material. Thicknesses of most of the thin film samples calculated by this method were from
80 to 90 nm. The samples were characterized using X-ray diffraction i.e., XRD (D8 Advance
Bruker-AXS with Cu Kal source), FESEM (Hitachi-S-480-1I) and Energy Dispersive
Spectra. The electrical characteristics of the films were stadieatying temperature using a

simple potential divider arrangement. Sample resistance was calculated by using the equation

_ Viiim
Rﬁlm -_ Rref V - 1 qqqqq (2)
ref

Temperature coefficient of resistance (TCR), with room temperature resistance R

was calculated by using the relation,

TR = =28 o0 3
“ma ¢ - (3)
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where, AR = change in resistance between temperature T; and T, corresponding to
temperature difference AT between Tand .

Activation energy(AE) of the electron transport in conduction baatdhigh and low

temperature regions was calculated from Arrhenius equation

R =Re™Fk;T e (4)
where, B = room temperature resistances k Boltzmann constant and T = absolute
temperature of film sample.

Gas sensing properties were studied in a gas sensing apparatus. The film samples
were exposed to different gases such as Acetogtés(3, Ammonia (NH), Carbon Dioxide
(COy), Chlorine (C§), Ethanol (CHO) and Hydrogen Sulphide ¢H) at varying gas
concentrations and film resistance was measurgd @&s concentration in ppm is given by
the equation (5),

volume of injected gas in cc 10

Gas concentration (in ppm) = volume of bell-jar in cc

Resistance of the thin films was measured over the temperature range from 50°C to
375°C at the intervals of 25°C. Sensitivity (gas response) of the film samples is given by

R, — Rg| _ AR

Rq Rq

Sensitivity =

Where, R = resistance of the sample in air angl=Rthe resistance of sample an
particular gas ambiance. Optimum temperature was found from the selectivity of the samples.
At this temperature, COwas tested for gas concentrations varying from 100 to 500 ppm in
25 lit. glass bell-jar.

3.Results and Discussion:
Structural Analysis by XRD

Figure 3 show the XRD patterns of Bi-doped Stttin film. Films were scanned over
the range of 20 from 20-80°. The (hkl) planes (120) and (111) correspond to orthorhombic
phase of tin oxide. The data matched with that from the JCPDS data card [20] and the
additional peaks (110) correspond to rhombohedral phase of bismuth. The observed data
matched with JCPDS card [21he centred cubic phase of bismuth oxide y phase according
to JCPDS card no. 74-1375. Crystalline nature of the films is clearly seen from the data given
in Table 1. The crystallite size of Bi-doped Snthin film was calculated using Debye

sheerer formula and it was found to be 4.26 fithe small size of crystallite particle is very
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useful for gas sensing applications. Because the as crystallite size decreased the volume to
surface area of particle is increased which provide more rate of adsorption of gas molecules

on the surface of film.

Intensity {a.w.)

20 30 40 50 60 70

101 degrees

Fig. 3: XRD patterns of Bi-doped Sn@hin film

Table 1: Outcomes oBi-doped Sn@from XRD pattern

Peak (hkl) FWHM (rad) Crystallite size
Position 20 plane (nm)
27.16 012 0.03 4.26
31.63 120 0.01 11.01
34.15 111 0.02 10.27
39.61 110 0.01 10.83
48.70 202 0.01 19.39
65.62 321 0.01 24.25

Surface Morphology using FESEM

The surface morphologies of Bi-doped Srfiin film obtained by using FESEM are
shown in Figure 4. Average grain size Bi-doped film, were observed to be 65.61 nm. The
compactness and agglomeration of the grains is clearly seen from the FESEM images of
doped film. This is possibly due to annealing of the samples. The FESEM imBgeapjed

SnG thin film shows the formation of spherical particles as well as the more porosity of
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nanoparticles. The more porosity or voids are beneficial for gas sensing mechanism, these

voids promote more reactive surface in presence of gas molecules.
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Fig. 4: FESEM image of Bi-doped Sa@hin film

EDAX Analysis
Figure 5 shows Energy Dispersive Spectra of Bi-doped,3hi@ film. Table 2
indicates the atomic and weight percentage of Sn, O and Bi. Non-stoichimetry of oxygen is

seen from the data.

Fig. 5: EDAX spectra of Bi-doped Sn@hin film
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Type of sample| Atomic | Element Weight Atomic
Number % %

Bi-doped Sn®@ 50 Sn 12.48 01.89

8 O 87.43 98.10

83 Bi 0 0.09 00.01

Total 100.00 100.00

Electrical Characteristics
A. |-V Characteristics

I-V characteristics of the of Bi-doped Syn@in film were studied by simple series

circuit constituting the sample in series with a regulated voltage source, a digital voltmeter

and a picoammeter |-V characteristics for of Bi-doped Sh film is shown in Figure 5.
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Fig. 5: 1-V characteristics of Bi-doped Sa@hin film
The resistance of the of Bi-doped Sni@in films is observed to decrease. This is
because of enhancement in the conduction due to doping. The characteristics also confirm

ohmic nature of the of Bi-doped Sp@in films.
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Fig. 6: Arrhenius plot of Bi-doped SnQhin film

Fig. 6 represents variation in log Rc as a function of reciprocal of absolute
temperature (Arrhenius plot) to estimate activation energy. Activation energy was estimated
for low and high temperature regions. It was low in the low-temperature region since at lower
temperatures supplied thermal energy was not enough to overcome the potential barrier. As
the temperature increased, supplied energy also increased therefore in high-temperature
region activation energy got altered. The activation energy is calculated at low temperature
region was 0.08 eV and at high temperature region wae¥.17
Gas Sensing Characterizations

The gas sensing behaviour of fabricaBedoped Sn@ thin films was studied by
using static measurement system. DC resistance measurement, by voltage divider method,
was employed for sensitivity measurement as a function of temperature and target gas
concentration. The Bi-doped samples were tested for acetone vapours, chlorine, carbon
dioxide, ethanol vapours, hydrogen sulphide and ammonia for their concentrations in air
ambiance varying from 100 ppm to 500 ppm. The target gases were tested for temperature
range varying from 5 to 200C. Figure 7 represents sensitivity versus temperature of Bi-
doped Sn@thin films to selected target gases. It has been observed that the faliicated
doped Sn@thin films shows maximum sensitivity 80, gas at operating temperatures12
°C and gas concentration 300 was ppm. It was also found thatsfilowed higher response
to CQ, over other gases. Gas response initially increases, reaches maximumzéGamna

then decreases for higher temperatures.
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Fig. 7: Temperature versus sensitivity plot of Bi-doped Stith film
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Fig. 8: Selectivity plot of Bi-doped Snghin film
Selectivity can be determine the response of particular analyte of gas among the
mixture of gases. The selectivity plot of Bi-doped Siitn film is illustrate in Figure 8. The
maximum selectivity was found to be CO2 gas compared to other selected gases as shown in

figure 8.
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Fig. 9: Response time and recovery time plot of Bi-doped_Shid film

Response and recovery times are two important parameters of a gas sensor since their
values determine the applicability of the sensor. In gas detection, response time is usually
defined as the time taken to achieve 90% of the final change in conductance of the sensor in a
given gas concentration [24]. Recovery time is the time taken to return from the conductance
in a given gas concentration to 90% of initial conductance of the sensor [24]. The response
time and recovery time were measured for,@fas at operating temperature 425and
concentration of 300 ppm &fO, gas as shown in Figure 9. The response and recovery times
were observed to be ~9 s and ~33 seconds respectively. Any novel gas sensor has required
low gas concentration and lower operating temperature. The ppm variati@@, afas at

operating temperature 1Z5was carried out and the obtained result is revealed in Figure 10.
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Fig. 10 CO, gas variation (ppm) versus sensitivity plot of Bi-doped St film

Gas Sensing Mechanism

The metal oxide semiconductor gas sensors work on the principle of chemoresistance
i.e., there is change in electrical conductivity of the film when exposed to a target gas. Thus, a
gas molecule acts as either a donor or acceptor of charge carriers. Thus, chemoresistive
property changes conductivity associated to adsorption and desorption of gas molecules on
the surface of metal oxide. As lower layer of atmosphere is composed of nitrogen, oxygen
and water molecules along with other gases in traces, metal oxide surface sensing depends
upon wet and dry ambiance on its surface. Water molecules have major role in wet conditions
and oxygen plays a decisive role in dry atmosphere [27]. Thus, the response of metal oxide
towards a specific target gas is a net change in resistance due to gas solid intergmtion in

ambient atmosphere. The following equation describes the adsorption process in case of
oxygen deficient sites\(5" ) on the metal oxide surface. Oxygen from the ambient diffuses to
the oxygen vacant sites in metal oxide surface by consuming one or two free electrons Eq. 7.

Thus, the chemisorptions of oxygen molecules reduce the mobility of electrons leading to

reduction in conductance in n-type materials and reduce the active sites for further
adsorption.
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1
V(;. + 26_ + 502 < OIattice ..... (7)

Carbon dioxide molecule has linear bonded atoms and has no lone pair of electrons for
bonding. Ostrick et. al. [28] have reported that at low temperatures, the dissociated hydroxyl
and hydrogen ions from water molecules at the surface of metal oxide react with gasgous CO

to form carbonate ionsg03 ) as given in Eqgns. 8 (11), with the intermediate products,

formate ions and bicarbonate ions [29]. At high temperatureg,n@ecules interact with

the layered oxygen ions tQdirectly to form carbonate ions [30] as given in Eqn. (12).

COuegas) + OHGgsorbedy © HCO3(surtacey e (8)
CO; (gas) + Hipgsorbed)y + 2€Gurtace) > HCOZ2(surfacey oo 9
HCOZ(urtace) = CO T +OHGurtocy e (10)
HCO3(utace) ¥ OHGasorved) © CO%buti) + H20(gasy ~ weem (11)
COy (s) + Obigsorvey » CO5~ L (12)

Besides the oxygen adsorption, £@olecules further oxidized the metal oxide surface and
increase the surface resistance (Fig.12). Following REDOX mechanism is proposed to
explain

the interaction of oxygen and GOn the metal oxide surface.

2C0; (gas) + 207 (adsorved) = 2C0%5¢gas) + 07 (13)

Since highly stable C{gas showed poor response when reacted with pure i8at@l oxide

film, researchers prepared doped $filtns to solve the challenge. Doping is one of the most
effective techniques for an enhancement of gas response and selectivity of metal oxide gas
sensors [31-34]. Different dopants were tried for this purpose [35].

Oxygen is adsorbed on the metal oxide surface when the film is heated in air. At
lower temperatures, the surface reaction proceeds very slowly. The adsorption of oxygen
forms ionic species including ) O and &, which have acquired electrons from the
conduction band. The adsorption kinematics is explained by the following reaction paths [36-
38]. The oxygen ions O and G are stable below 160, between 100 and 3D and
above 300C respectively [3P

OZ(gas) < 02(adsorbed) """ (14)
02(adsorbed) te © 02_ ..... (15)
0; +e- 20 L (16)
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200+e~ 0> (17)

They are correspondingly adsorbed from surface temperatures@f B80C and
250°C respectively. The electron transfer from the conduction band to the chemisorbed
oxygen leads to the decrease in the electron concentration in the film. For n-type
semiconducting metal oxide, resistance of metal oxide film increases. The operating
temperature dependence of sensing properties could result from changing adsorption and
desorption rates of oxygen ions on metal-oxide surfade [40

The adsorption of Qs very interesting step in metal oxide semiconducting gas sensor
because the Qons assist the adsorbed oxidizing ions to take the electrons from the metal
oxide surface. The concentration of electrons on the surface of metal oxide decreases and the
resistance of n-type metal oxide layer increases accordingly [41]. The of Bi-dopedh8nO

films gas sensing mechanism is shown in figure 11.

Before Exposure After Exposure

Fig. 11: Gas sensing mechanism of Bi-doped $tin film before and after exposure to £§as
Conclusions
1. The Physical Vapour Deposition method can be used to fabricate of Bi-doped SnO
thin films.
2. Once the appropriate vacuum is obtained, a large number of uniform and
contamination free thin films can be fabricated at room temperature by this method.

3. EDAX studies confirmed the nonstoichiometric of Biedoped Sn@thin films.
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4. Surface properties have not changed appreciably. Electrical characterizations support
the n-type semiconducting nature of the films deposited.

5. Since film samples showed maximum response at an operating temperaturéCof 125
to CO, gas, they can be used asf@s sensor.
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Versatile synthesis of zinc oxide nanoparticles via chemical route: A review
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Marsorchzalogy
Sal-Gxl significamily
Co Precigitatine
m’ i indsrsies, polymer Isdustrics, and many more
e I gynchesls methods, ard desired marphology. Numoas

pnd employed for pynchesizing Znl nenopariizlss, Thls articke
gal-Gel methed, Co-Precipitation, Hydrothemmal, Microcmulsion,
£ nanoparticles, It also foruses eh Zn0 NPs

Mowedays, ninobechnology accomplishes o vital role in different ssctors dus ba its applications, among (he masge
of panepariicles, metal calde pmoparticles are podENE randidates. Various metal oxide nanoparticles ane
kroem oday, 2nd Enl) eancparficles e pxtensively studied among them, Inl pasoparticles are
highlighted in smurenl Aelds like pharmacy, oprics. coarnElics, §as sensors, catalyiis, decorochemisry, 1exiile

dae ta the avadlabdicy of sianing smirteelal, simple and efficient
popsical, Chemisal and Bislaglea] proceses are rending
soviews chemimal route synthesis methods soch a8,
and Salvothermal method for the symibesis of
Charscterssiics, Characterizatians and applications,

1. rarroduction

Manotechnology has stmactsd researchers in the last few years
Globally fesearch smd developments bre cancenirated around nonoe
techanlogy [1], “There is plenty of room at the battam®™ speech at Cal-
tech in 1959 by the eminent theoretical physicist Richard . Feynman
gives visian and pregression to nanctechaslogy [2-4]. The word “nana’
means size [0 terms of nanpmetre, particles having &n atomic size bes
tween 1 and 100 nm ane termed ‘maneparticles (NP5 |5), Wanamaterial
particles display diverse properties due 1o their large surfsee prea o
volume ratio compared to bulk material [4.6]. Nanctechmology it

* gainlng high attention warldwide due to its semall size, higher efficiency,
and simple gynthesis methed and applications of MPs in diverse sector
[5.4). Different factor alfests the synthesis, maorphabogy and nnterial-
istle propesties of naneparticles, which depends on numesous parasme-
vers [7-4], It is conduclve in different industrial Relds such as oplics,
eloctrochemistry, catnlysls, textile indusiries, various Sensoms, phote-
eatalyst, optical devices, also applications in drug delivery, pharma-
peuticnl, medizol devices, food wehnology, coSmENCE, and industry
[10-20). Numerous metal oxide has been practiced to the developed
diverse gas sedsor but among all zine oxide s extensively uied for the

iz of gas sensors [21,22]. Incrensing population ircreases the
demand for all seedy stull with the gake of completing the requiremesnt
increase industrial production cause emission of numercus hazardoas
gasts and pallutant dicectdy dumped into the atmosphere, Gaseous

« Eperespording author.
Eonnil addrews peparibeau 20 LB grnail om (AE. Gande].

T} ol i 1T L | 23.06.20%

pollatant causes severe jisues to human beings and nlsa mamre. To
protect and preserve the environment gnd related problems foced by
hiamans, 1175 impertant o detect and identify the hazardous gas and
different copstitaent present in the atmesphere | 15.23,24]. wetal oxide-
hased chemical sensor exhibits a notewarhy port in detecting and
finding out the concentration of hazardous gases present in the atmi-
sphere [25]. The gynthesis of zine oxide is attracted researchess and
inidusiries due to its versatile properties. 1t is an n-type of semiconductor
boving o wide bandgap (3.37 V] with large exciton binding enecgy (60
meY] [2i-24], Zine Oxlde nanoparticles howe been whthely used nano-
paciicles with wile applicalions in Aumeraus fields ke gas sensors
[29-31], solar eclls [32], luminescent materizls [51], photocatalysts
(3], Paint [#7), piczoelectric transducers [16!, diode lasers [47].
Various synthetiz |outes ore used to synthesize zine oxide nanoparticies
with desirable 3ise, 12orphalogy, and orentaticn act as a key foctor in
the diverse appilustion [29.48.74], Synthesis of nanoparticles via
different rautes sach as physical, biological, and chemical methnds ane
depicted in Fip L. The prime objective of this review article is to gl o
perception of o synthesis of zine oxide nanoparticles by numerous
chemical methods and conditions 1o get desirable size nanoparticles
with expected morphology.

2, Chemical methods for synthesis of nanoparticies

et chemles! maetheds for the synshesis of nancpanicles are mainiy
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Categorized ms bottom-up approsch methods [40] in which particles,
&todms, molecules, or lons bn solution build up 1o form the desined shape,
size, and dimensions of nanoparticles. It specifies the nucleation and
Erowth of nano-size particles through bottom-up manufacturing [411,
Chemical synthesis of NPs can be achieved by the execution of a range of
chemical reactions and several dilferent thermodymamic parameters
[42.43]. To reach a specific shape and size of KPy, the selection of re-
ACLANLS, reagents, reaction lemperatures, salvents, catalytic entlties,
Proportion and concentration of compaositions, annealing rotes, time and
many influent factors comes into account. The properties. of nano-
pasticles are depended very much on their size [44], 50 precise and
hﬂﬂmlm synihesis of NPs becomes the most prominent atiention.
Chaiee nl nmthesis method of nanoparticles play o cruclal role for
m& properties such as surface structure, shope, size, plysio-
legical properties along with controlled reaction conditions such as
t=mperatire, pressure, salvent, which may affect nucleation and growth
of the nanoparticles beads 1o change thelr properties [45-48]. Amang the
several advantages of the wet chemical synthesis method, some are, it is
simple and econamical with handy instruments [49]. Less temperatare
Whrpcmngudﬂuhutwwu: is an asset in
choosing the chemical method [50], Severnl chemical methods have
been used 1o synthesize various NP5, enwmerating as Sal-Gel method,
Co-Precipitation method, Hydrothermal Synthesis, Microwave-assisted
method, Ennulsion / Microemulsion, Chemical Vapour depesition, and
solvethermal ameng these methods, we focus on selective methads of
synibesis of In0 nanoparticles. The synthesis of nanoparticles via
chemical routes is depicted in Fig. 2,

Z1. Zal - gel medhod

The chemical sol-gel method holds the preparation of the colloidal
solution, which i the term Sal and converts sol into the aqueous scidic
or alkaline phase term as Gel [51,52). The process of sof o gel con.
version requbres divergent resctants and some capping apents followed

.I-I-'.rnvll'fn-[r'l‘i:':ilsqlr-'J’l*m-.-e.i'.r.,p,.,3.|.”_MlI
Exp

by dilferent chemical reactions like hydrolysis, condensatian, Py,
lation, ete. 13,52,53). The most commonly used reactants are
alkoxides M(OR)x M: Metal, or thelr chlorides by using an akohafi;
nqueous solvent, Researchers developed the synthesls of Za0 nap,
particles by @ simple, effective, and expeditious route, with a range o
glzes pnd shopes uslng dissimilar pwn:unun.spanhele:ul. [54] were the
first 1o come up with the ldea of the chemical sol-gel method, Mey.
lenknmg et sl [ polished It aflerward. Both of them used the sol-ge|
method 1o synthedze End nonoparticles with zinc acetale a5 the pre.
cursor solutlon. M. Mstle et al. [56] used tetramethylammendum hy-
droxlde [TMAH) 05 0 surfoctant to the zine Z-ethylhexanoate using
alechel ns o solvent. Dy performing XAD characterization they found
crystallites with nn averoge diometer of 25-30 rm and kefght of 3515
nm with cylindrlcal mogphology, TEM confirms the particle size of End
nonepartickes laying between 20 and 50 nim wsing this sirategy. Yanping
i Goo et al |57] synthesized Zn0 aerogels using zine nitrate alechalie
solution with propylens oxide to Inltiote the gelatlon process, They
showed that the resuliing aleogel when drled by using supereritical COz
it forms aeroge] or if it & evaporated by amblent temperaiure, it forms
xerogel. HRSEM results show ‘flower.like morphology composed of thin
flakes for nerogels and hexagonal platelets network of xesagel P

)

Chandrasekaran and G. Viruthagirl et al. [38] have prepared 'znn.

nanoparticles nsing a sol-gel method with varying capping agents such
85 Tetrzethyl-ommonlum Bromide (TEABr), Ethylene diamine tefra-
eoetic acid (EDTA) and Triethanclamine (TEA) They conclude from
TEM ard HRTEM result hexagonal structural mesphology, which varies
depending on the capping agent, but it does not vary much by charging
their concentrations. Mariani A. Ciciliati ot al. [35] reported improved
sol-gel method synthesis of Fe-doped 200 MPs in which water is taken as
@ peculiar solvent. The XRD pattern of this Fe-doped Zn0 gives the
wirtzite strschure of Zn0 with a hexagonal phase. The average grain slze
warses from 25 nm to 11 am with an incresse in the concentration of
dopant Fe, Results confirm that dopant alse affests the struchare
morpholagy. B. Manikandan et al. [59] synthesized Zn0 NPs by using

Ind Hanoparticks

Synthesis

Phyikcal « Vi fsnir
- Dipositen

L
.-"r"'- Laner Ablzben
Pl

Fig. 1. Various Methods for Synthesls ef Zal Nanopasticles. *
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Fig. 2. Chemical Reute Methods for Synthesis of ZnD Mamoparticles.

zlne aeetate and sodium hydroxdde under controlled pH conditons,
They perform different characterizations such as XRD, FTIR, UV visible,
FESEM, EDAX, and Raman spectroscopy. XRD pottern of Zn0 nanoflakes
confirms the presence of henagenal wurtzite structure with 21.84 nm
crystallite size, and FESEM shows faky strectural marphalogy with flag
and irregular Znl} nanoflakes. The composition of elements in synthe-
sized Zn0 NPs containing Zinc (46.27%) and Oxygen (53.73%) confirm
the purity of nanoparticles using EDAX. Behnam Khanizadeh et al. [60]
introduced the synthesis and study of Mg and Lo-doped and co-doped
Zn0 nanoparticles using the sol-gel technigue. The EDAX, TEM, and
FESEM stunky shows the synthesized NPs hove homogencous spherical
morphology. The study also reveals that the size of NPs is get affected by
.dupins and co-doping processss and helps to find out the maximum

photocatalytie activity for the remaval of RhB, Anuj Kumar et all |61
reported the preparation of Zo0 nanaparticles as 2ol using zine acetate
and polyethylens glycol and ransformed b ioto a gel using o surfoece
reperant a8 MaQH. Mumerous analytical technigues such as XRD, EDX,
and TEM characterize synthesized nanoparticles, XRD confirms the
hexagonal wurtzite structung with a size of 50 nm. The nanccomposite of
Zn and activated chareoal has fermed by mixing, giving Zn0-AC nano-
composite electrodes for the application as a supercapacitor. He found
the fabricated SC-Cell has relative capacitance as a single electrode.
Anshika Nagar et al, [62] synthesized Zn0 NPs and used them as an
application of Field Emission Displays (FED's). The Zn0O NPs were pro-
duced using x-100 into the zine scetate salution as a precursor, followed
by the addition of ammonia resulting in the precipitaton of nano-
pasticles. FESEM results show Zon0 nancllower structure, and HRETEM
found the closely packed Zn0 NPs in the diameter of range from 30 nm
to 60 nm, Obtained morphology of synthesized nanoparticles exhibis
excellent field enhancement and the sharp edge of every petal of
nanoflower act as a field emitter. Abld Zaman et al. [63] reported the
ferromagnetic behavicur of Mn doped ZnO nancparticles. In this study
they have synthesized Mn doped Zn0 nanoparticles by using Sol-Gel
methed and analysed the response of Mn doping by performing
varipus characterisations. XRD onalysis indicates the palyerysalline

nature and Wurizite structure of Zn0 panoparticle after doping. They
have studied the M=H laap that is the magnetic properties of Mn doped
£nl uslng wibradng sample magnetomeater which confirms the fermo-
magnetic behavicur of Mn doped ZInD noneparticles, The study also
revels that as the doping concentration reduces the size of Zn0 from
3842 mm to 27.54 nm. Auwal Yusha'o et al. [64] reported the photo-
degmdation of #nd nanoparticles syntheslized by chemical sol-gel
methed Zine pitste dihydrate (Zn(MNO332..2H20, 97%), nitrc acid,
oxalic acld dihvdrate and Enochrome Black T are the precursors to
produce the Zn0) ranoparticles. The XRD patterns shows the hexagonal
wurtzite structioe while SEM and TEM shows the spherical, oval shape
marphology. The purity of ZnO is indicated by EDAX datn and the ob-

_ tained band gap is 3.28 ¢V for Zn0 photocatalyst from Tauc's plot. The
" process such as photocatalysis, adsorption and photolysis are done 1w

check photoeatalytic activity of Zn0,

22, Hydrothermal method

The hydrothermal synthesis method as the name jsell indicates
synthesis of proposed NPs was carried out in the presence of aqueous
condition which operated under high temperatures and pressures. This
is a way of synthesis of nanoparticles suitable for the production and
growth of nano erystallites using a simple sclentific instrument, namely
‘autoclave’ [52). The basic working principle of autoclaves is thot the
temperature difference is created in the growth chamber between its two
ends. One is koter and the other {5 cooler, the hot end forces the ma-
terials to get scluble on it, and the other end is desired material is got
deposited [41. It is a simple, efficient, effective, and wter-friendly
method for the synthesis of Za0 nanaparticles. Their behaviowral
study had 1o gain much attention in the feld of research and develop-
ment. Babita Baruwat et al. 651 intraduced the synthesis of crysialline
200 NPs using Zn{NOq)y 4Hz0 a3 a precursor, followed by contrelling
the pH of the solution using ammonium hydroxide, Teflon-lined steel-
coated autoclave operated at 1200 °C temperarure for variable periot
The synthesized NPs are studied with different characterisatin
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rechniques such as XRD, TEM, UV-DRS, T6-DTA, Electric conductivlty,
and analyzed gas sensing properties, The XRD studies Indicate the
wurtzite phase of prepared crystallite, along with an averoge size of
about 17 nm. The particles are found to be clustered in the pesults of
TEM. The bandgap of prepared ZnO NPs Is found 1o be 3,18 eV, their
conductivity changes with tempersture have been recorded, and find
Out the sensitivity of NPs towards LPG and E1OH, P, b, Aneesh etal. [66]

used the hydrothermal method 1o synthesize Zn0 NP2 from Zn
(CH,000);-2H10 and NaOH In an o

leoholle solutlon. XRD ot confirms
the average grain size of MPs was In the range of 7-24 nim; nd thelr
Presence was confirmed through TEM, SAED, etc. In this study, the
dependenee of surface morpholagy on temperature was also claborated,
Due to Zn imperfection or vacancy of exygen, they recorded green PL
emission from UV visible spectr. ¥ing Thou ct al. (28] reported the
synthesis of ZnD nanerods, in this method they used Zn0 nanoparticle
seeding which is conted on o glass !:.L'himm'h].rmhgﬂwsn'l-gel methad
followed by the addition of palyethylensimine to Prepare Zn0 nanorods
hydrothermally. The obtained nancparticle has a wurtzite structure with
different arientations, whkhmwvmimlly an a substrate confinmed by
SEM and XRD. W2, Li ez al, [67] symthesized Zno WP, with n Zn plate
wsed a5 source as well as substratum. The substrates are burnished with
sandpaper pnd ultrasonically cleaned with ethapal Followed by distilled
water. Zn plate s then deep In an autoclave filled with squecus
ammanie. With different operating temperaiires and equal concentra-
tons of ammenia, Zn0 nanoparticles are prepased. XRD pattern and
SEM results confirm the bitter-melon-like (BML) microstructure found
on the Zn plate for two different samples. The average grakn size from
XRD data is also ranging from 29 nm te 32 nm with a sample az well as
operating temperatase, TEM data provide the BML with 1.7 pm width
and diameter of spherical NPs as 200 ne, Kijung ¥Yong et al, [65]
developed a Zn0 nanorod bundle sensor. To develop this sensor, Sym-
thesis of Zn0 nanorods was carried out by using a solution of zinc
chloride, distilled water, and NH,OH as & starting material, then trented
hydrothermally, To prepare the gas sensoc, Auw/Ti electrode, Ag paste,
and Zn0 panorod bundle powder followed difforent systematic pro-
cesses leading to the formation of the sensor. The sensing behavior of the
Zn0} sensor is analyred apainst the Hz5 gas wsing a furnoce-type gas
sensing sysiem. Fubo Gu and Guangsheng Guo et al. (65 studied the
sznsing behavior of Zn0 NPs synthesized by microwave hydrothermal
technique in which prepared zine nitrate solution is exposed to a mi-
crowave oven at 90 °C for 10 min. The generated precipitate is annealed
and treated at a certain temperature and pressure, The struchwral,
merphological study shows the pelygen-shaped Zn0 nanoflakes with an
average size below S00 nm. By calcining precursor material, they found
Zn0 at 500 °C has the highest sensitivity for NO; gas in comparison to
other opemating temperatures. Yeon-Tae Yy et al, [70] intradiuce citrage.
assisted hydrothermal synthesis of Znd NPs, in which the prepared
precipitate of Zn{0H); ks dissolved In 35 ml of water in the presence of
1% trirodium citrate and followed by the hydrothermal reaction in an
autoclave of Teflon line steel. The prepared Zn0 nanoparticle-based gas
sensor shows a better respanse for CO, ethanel, and aldebydes, It is
dependent on the temperature and concentration of reducing gases, A
noteworthy thing in the results that the response of gases depends on the
clectron exchange mechanism, which is found large in ethanal and
acetaldehyde than in CO. Jianplng Du and Jinping Li etal [71] reparted
the o-phthalic acid-aszisted symthesis of hexagonal grid-like ZnO
lamellae (GZL). zine acetate and urea are used as precursors added in
deionized water with constant stirring followed by the addition of o-
phthalic acid and the resultant solution is treated h.rdrnlhtrmu-'li}r in an
autselave, Different Zn0 nanoparticles are synthesized by varying pro-
of the reactant with reaction time to study morphologieal
Fm‘[]ﬂ'l'ﬁ . L x _&
ing an alumina ceramic cylindrical substrate and i
behavior. Dy wsing esult confirms GZL
the Zn0 sensor has been prepared. SEM r
wire, here small holes are detected in the lamellae. Further-
mﬂrﬂhﬂlﬂﬂi ViiEre

died for prepared samples. K.
and HRTEM are also $tu
ﬂmnﬂmma:ﬂﬁuil:'l:: et al, [72] studied photocatalytic properties of 200 NPs
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prepared hydrothermally. A precursor solution .Tr Ei!ﬂ;‘ chloride W gy

added by ammonium hydrexide dropwise to maintain its pH. 14, e

lution i then treated hydrothermally with the help 'Df‘llﬂ autoclave, 5ny

the desired compound |5 oblalned, entlre process is repeated wiy,
maintaining a constant pH range of 9, 11, and 13. FESEM gy,
merphologicnl changes concerning the pH value as for 7 pH it 5 4
hesagonal cell with Zn0 nonerods, While a1 @ pH growth of nano djge
occurred, porous nanorods were found at pH 11, whereas flower-shaped
nanoroda for 13 pH. High photocatalytlc capacity has been observed for
pH 9. Sonallks Agarwal and Kamlendra Awasthia et al. [73] synthesized
Zn0 NPs using a hydrothermal technlque using zine acetate dihydrate
and eitric acld monohydrate a5 a reactant followed by the addition of
HaQH and developed & gas sznsor, For the fabrication of the Gas sensor,
they used the micro drop coating method, alumina was the used sub.
sirate. The sensing properties of the respective semsor were studied
against the pollutant gases such as €O, ethanal, and NO;. XRD patiern
confirms wurtzite hexagonal strscture. SEM study produces images of
nanoflowers and packages of nanerods of Za0, The average size data
obtained from XAD for nanoflowers was 21 nm and far nanoreds abou
43 nm, having band gaps of 3.0 ¢V and 3.19 &V respectively. N. Srini-
Vasan et al. |74) reported the preparation of nanocomgosile with Zn0
and the evalustion of a photocatalytic activicy. At very first nano

<

particles of C-doped Znd and BiVDg were exclusively prepared hydro W

thermally using sultable precursors and reactants under desired
conditions, Subsequently, the nanacomposite of C-ZnO/RiVO, was
prepured. The process was followed by mixing and sonicating with
proper peapartions at a suitable time, The range of character zations was
investigated for prepared nanoparticles and their compesites separately
such as XRD, morphalogical analysis [FESEM, TEM), UV, RBaman study,
photoluminescence, and photocatalytic sctivi
catalytic activity was found in C-In0/BiIV0y nanocomposite as
compared to C-Zn0, ZnO, and BIVO, Numerous parameters ars
respansibie for the higher photocatalytic behaviar of nanocamposite.
Joon-Shik Park and Hoo-Jeong Lee et al, [75) proposed work leads to the
preparation of 3D porous nanosheets of Tn0 from the preparsd pre-
turser Zine Hydroxide Carbonate (ZHC) which wiss calclnared ar 500 ¢
with the help of muffle furmace. Proper resistive sensor Fabricated by
uzing Ti /Pt electrodes with gputter depositon technigue on-a silicon
substrare, Synthesize material analyzed by different analytical tech-
niques such as TCA-DTA, FE-SEM, TEM, BET, and XPS. The SENSEg
behavier of the respective sensar fe tested far LT

erent gaces like
acetone, CO, twluene, Nitrogen oxide, ste, The prepared sample has
found greater sensitivity towards NOx, Eman A Mwaly ot al. {76] sy

ty. The maximum phote-

thesized Zn0 manoparticles with varisble sizes ualng h:,rdmﬂmnmrﬁ

techniques opesating ot different temperatures, The dielectric propert
of prepared samples are amalyzed. The KRD, SEM, and UV-Visible
spectra wese studied and the proportionate dependence of sample {r-
regularity with particle size was explained through morphological
studies of partlcles. The absorption study helps to understand the rela-
ticn between the effect of particle size and the shifilng of wavelength. All
the analytieal techniques confirm the diglectric properties are found to
depend on particle size. Praveen Sharma et al.[77] synthesized Nd
doped Zn0 nanoparticles by hydrothermal synthesis technique via
ultrasenication of precursers. The XAD pattern of the fa icated samples
indicate the purity and crystalline namre with fine peaks. An energy
dispersive spectrascopy pattern (EDS) reflet zeto cop
optical propertizs of synthesized nano
Diffuse Reflectance Spectrascopy revels
o3 3.26 eV and 3.19 eV. The Photoeat
leads to photadegradation of Congo red
light respectively also results enhane
with doping.

[iminanis. The
material are done by UV-Vis
the band gap ZnO and Nd-Zn0
alysis of the prepared samples
dye solution under UV and Solar
emednt of p}m:nuu]:,ﬁ: aetivity

2.3, Co-precipitation method

Co-precipitation s one of the chemieal roue methods for the
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synthesis of nanoparticles [78], it is the opportune, procurable,
competent, and sophistieated method to yield nanoparticles. The
mechanism of this method involves metal salts leading to the propascd
nanamaterial dissolved in o sultable solvent. A precipliating agent la
then added to the resultant solution such that an insoluble solid can be
obtained [4]. Obtained precipitate followed the wash with o suitobin
solvent to remove fmpurides and heat treatment st o porticular bem-
perature o get desired metal oxlde nanoparticies. Bafblao Huang et al,
179]) wtilized the coprecipitation technlque to prepare Zn0/Tng0a
nanaparticles, Zine nitrate and indlum nitrote ore used as o precursor,
which is dissalved in a suftoble solvent followed by the addition of
ammenla to maintain the pH of the solvent to obtain desired nono-
particles, Obtained compound poes through different washings and
ranges of temperature, Photecatalytie activity of nanoparticles finds out
by synthesizing nansmaterial with varying proportions of precurser,
The photoeatalytic study was investigated by methylene blue (MB) dy=
bleaching with the source of the Xe arc lamp, results showed excellent
photocatalytic activity of nanoparticles. F. Giovannelli et al. [80] syn-
thesized Znid NPs with doping of Al with the help of the coprecipluation
method, The soludon prepared with gine nitrate and sluminiom chloride
is centrifuged after the addition of NaOH to balance the pH of the pre-
@r:ur:nr solution, obtained material is washed with demineralized water
and ar last, the yield was dried for further analysis. SEM morphology
resulis, isptropic and platelets lilce Mp with variable size. XRD pattemns
are recarded with different Zn AAl concentration ratics, Ravi Ganesan
et al. [81] introduced Co-doped Zn0 NI's symthesis considering the
coprecipitation method inte account, Starting with zinc acetate metal
salt, T NP5 were prepared and coball acetsre [ added v zine acetate
solution o form Co-End MPa. Crysallice slze from XRD datn changes
from 35 nm to 29 nm due o the effect of Co incorporation 1o the Zn0
parent material. FTIR study confirms that Co®' acquires Zn®* sites
interstitially. The absorption study shows redshift due to the doping
effect compared fo pure Znd NPs. Raman and magnetometer study of
pure Zn0 NPs show a diamagretic effect whereas Co-doped Zn0 NP5
become ferromagnetie. A M. El-Shazlyl et al. [52] prepared ZnD
nanoparticles and evaluated thefr photocatalytic behavier. Nano-
particles are prepared from zine sulfate heprahydrate and ammonium
hydropen corbonate a5 procursors using a dissimilor surfoctant such os
anionic, cationic, and PEG polymer. Differcnt analytical techniques are
used to identify and confirm the stnicturs such as XAD, SEM, and HE-
TEM, XRD confirms hexagonal wurezite srructure with 28 nm $ize and
gize 21 nm obtained due to the effect of surfactant, which couses a
change in the gize and shape of nanaparticles. The photocatalytic ac-
.l_-iviq.' was observed maximum for nonoparticles obtained by wing a
catlonic surfactant. Marcio Sousa Goes et al, [53] reported the syathests
of zinc oxide nareparticles by emplaying ionic liquid. In this method,
zincacetatedehydrate and TEA-PS, By, and NoOH are used to obiain
0 nanoparticles by the coprecipitation method. lonic liquid affects the
erysial strueture of nanoparticles due to it behaves lke 3 surfactant and
studies their photoelectric properties, Ranin E. Adam et al. [54] sym-
thesized ZnD nanopamicles with wHne acerate dehydrate and Sodium
hydrozide as o starting material and studied the degradation of congo
red dye in the presence of solar radistion at varous pH. Hexagonal
wurtzite confirmed by XRD data ond photocatalytic potential of nano-
pl:lr'ﬂd#-" evaluated at dizsimitar pH influences decolonization of dye
Among the different pil, at pH 4 after 120 min, decomposition was
found maximum in the presence of solar light as compared to other
condions. A, Kelodzlejezak-Radzimska et al. [85] réeported the syn-
thesis wing KOH and zing acetate carried out at varying temperatunes to
obtained a0 nanoparticles. Srudies help to understand if vartation in
the P"“‘l-"'“""l'““ of startng material altered the shape, size and surface
ared nrpmidu_ Particle size increases with the increasing temperature
af the reactant confirmed by the SEM dota. Wang Jinxiao et al. [Ba]
evaluated the gas sensing behavior of Zn0 nanoparticles doped with Ni
and activated by Au. zinc sulfate hepishydmte, nickel nitrate, ammo-
nium acid carbonate, and HAuCly salution are employed as a precursar,

Material Tedme Provesding oo (oooe) e

XRD, SEM, TEM, XPS, FTIR, gnd Raman spectra were used Lo understand
the structure, morphelogy, and surface element of synthesized particles.
A ceramie substrate coated with ZnQ contalning Au electrode which
leads to the formation of gos sensors. The sensing behavior of Au was
found 1o be maximum as compared to Ni-doped Zn0 and pure ZaQ
nanoportiches, Badal Kumar Mandal et al. [87] synthesized nano-
particles and evuluated thelr blological activity. zinc acetate dihydrate
and sodium hydroxide are used as siarting materials for the synthesis of
materizl ond are charactorized by XD, SEM-EDAX, and HR-TEM. XRD
data confirms hexagonnl structure with fower shape and which s
effectlve ogainst bacteria Escherichia coli and Staphylococous aureus.
Stephane Danlele el al. |BH) reported synihesis of 2n0 nanoparticles
with enhanced visible emission. Manoparticles arc prepared by using
different precursocs such as zine acetate dihydrate, zine sulphate, solu-
tion In ethanol and precipitated using potassium hydroxdde aqueous and
LiOH respectively in alechelic solution with different ratio following
stirring, centrifuged and drying. Hexagonal wurtzite structure confirms
by XRD obialned from different precursors which results average range
of erystalling size as 15 nm = 25 nm, TEM results of the sample show the
needle like structures which also confirms the crystalline size in the
SAME TARZE.

24, Ml:.mmui':t.m metiod

It s one of the simple chemical methods used to synthesize nano-
particles, Microemulsion nomn itself imdicates it is a dispersion of two
immiscible ligulds having specific physicochemical properties like
thermodynamically stable, isotropic, lorge interfacial area, and having
the ability to solubilize the compound present in both phases [0 0 L
These bwo immiscible phases are water (aguecus) and oil (hydrecarban],
There ars two types of micropmulsion methods, direct or water in il
{W/0) and reverse or oil in water (0/W), which are employed for the
synthesis of numerous metal nanoparticles [3,91). These methods ane
wsed 1o abrain desired and uniform-size nonoporticles. 5. Hingorani et al,
[91] repomed the synthesis of Znd panoparticles wsing the micro-
emilsion route and studied their varistor properties, Cetyl irimethyl
ammonium bromide, 1-butanel, n-octane, zine nlirate, and ammonium
carbomate are employed for the synthesis of nanopariicles. In this
method, zine niorace iz o present nqueous layer of one emulsion odded o
another emulsion containing ammonium carbonate, In this process,
ammonlum corbonate was nged o precipitate zine in the foom of zine
carbonate. The obtnined corbonate material was calcinated o get zine
oxide nanoparticles. The calcination process is more smoathly under-
stood by DEC and TGA. XRD confirms a hexagonal structuse with 14 nm
size which is smaller than the nanopartlcles galned by other processes.
Chun-Hun Yan et al. [92] synthesized one-dimensional Znd nano-
srructuses  wia  microemulsion  methods  in which  cetyl
trimethylammonium bromide, n-hexancl, n-heptane, and Z{OH) a5 a
precursor, carried out in Teflon-lined autoclave at a pardeular temper-
ature. Obtained compound washed with ethanol and water, followed by
centrifugadon and debydraton gives the desired product. SEM images
approve the formation of 1 D - strectere which was a time-dependeny
study. Gaghong He et al. [93] intreduced morphology conmral aynibe-
sis af Zn0 naroparticles. In this process, heptane, hexanol, polyoxy-
ethylene tert-octylphenyl ether, Zn(NOy);, PEGADD, and NaOH are used
o prepare two microemulsions. The first microemulsion of Za{NO3),
containing a diverse concentration of PEG-400 in an agueous medium
was added to the second microemulsion of aqueous MaOH with stirring.
The obtained selution was processed In an autaelave followed by hy-
d‘wmmmr‘“ 15 hat 140 °C, and the product was obtalned
by centrifugation and dried at 60 °C. Various analytical methods such as
SEM, TEM, TG-DTA, and FTIR are used. SEM confirms the morphology
of nanoparticles such s hexagonal wurtzite with o size of less than 100
nm. Deepa Sarkara et al [94] reported the synthesis of Zn0 Aand
particles by employing Cyelohexane, ammonium hydroxide, Trioa X
100, bexanol, zine nitrate, and Sodium hydrogide a3 a preeursar T
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dilferent microemulsions are, in which base-containlng micreemulsion
solutlon was poured into zlne nitrate microemulsion with constant
SHrTing ta get a clear soluticn containing destred naneparticles, Nano-
particles are obtained by centrifugation followed by washing and drylng
t a suitable temperature. XRD confirms hexagonal wurtzkte structare,
&nd TEM resuls confim the spherical shape and average particle size Is
25 nm. The study also reveals numerous parameters which affect the
shape and size of particles prepared by microemubsion methods, Ablas
Ali Khodadadi et al. [95) reponied Zn0 symibesés and evaleated sensl-
tivity. In this method, kexanel, Cyclohexanal, triton X-100, ammandum
hydroxide, Tetraethorysilane, and zine nitrate hexahydrate pre used 1o
prepare emulsions. Twoestep microemulsion metads are wsed b pre-
pare silica-Zn0 nanoparticles and compesite by one-step microemulsicn
method. Namerous analytical techniques such ns FESEM, XRD, TEM,
EDX, and BET are wsed to find the morphology, site, shape, and
tompasition of elements. Construct sensor SEEZR0-40 shows exeelbent
sensitivity for ethanol ot 350 °C as compared to methane, tolusne, TCE,
carban mrnoride, scetaldebyde, and propans. Zn0 composition aifects
the reactivity of the sensor, and different paramieters also a play vital
role to s=nse the gases, Jiand Yoo et al, [96] induced synthesis of Lno by
photopoelymerization using the microsmulsion routs. Precursor Triten
X-100, arobisisebutyranitrils, ammonia, scidamide, hexnnel, zine ni.
trate bydrate, and epclohersnal, bn this polymerization method, AIEN is
used a5 a phatolnitiator to abtain nanoshests, XRD data confirms hex-
agonal wurtzite 00, D5C and TGA help the fine decompesition of Tno

nanaparticles. Dejle Li and Hnling Chal et al. [97] reparted the synthesis
of Zn0 nanoparticles by a surfactans-free microemulsion method and
find oot photocatalytie bebavious. Tn this mathod hexone, ammoniim
hydroxide, Propan-Z-al, zine pitrate hexahydrate, and water wers
applied to prepare the emulsion solution, After completing the micro-
emulsions process reaction mass i transfereed to an auteclave leated 5t
different temperatures. Zine axide nancparticles are obtained by laer
centrifugation followed by several washings with water and cihanal
The photocatalyte evaluation indicates the perfermance of prepared
nanoparticles is good as compared to commercinl nanoparticles however
the photocatalytic potential of particles prepared at 140 "c i more
excellent than the particles prepared at 160 °C, Caner Durucan et al,
[95] synthesized Zn0 nanaparticles by reverse microemulsion method
with varlable partiele size, Glyeeral, sodiam bls{ 2-ethylhexyl) sulfo-
suecinate, n-heplane, pnd zinc pcerate difpdrate a5 precursars. Resulis
alse find thar variation in caleination ternperaturs also affects
merphelogy and particle size, XRDY, BEM, and TEM help to fnd aut the
size, shape, marphology, and teermnl sability of compounds,

2.5, Soalwothermal method

The concept of solvathermal wsed by Demazesu et ol this term
covers all solvents [99-1011, In a solvothermal method of synihesis,
nanoparticles e carried out in the pressnce of nemerous organic sol-
wents at high temperatures and pressure L1E2], In this process, a solvent
is used to synthesize diverse nanomaterials, and it 5 one of the il
methads of the wer chemical route [103]. Solvothermal symihiesis of
material plays & vital role in Industries and research Rled die 10 i
potential to synthesize differenc morphological nanopamicles [101].
Dhkorm Mekasuwandumeong and Plyasan Prazorthdam et al, [103] re-
ported the synthesis of Zn0 nanoparicles using the solvothermal
method, Aromatic solvents, alechols, glyveols, and meallanes Were
emplayed for the synthesis of nanoparticles at 250 °C by using zinc
acetale as o precursor, Starting material was taken n o vest tube con-

raining 100 ml sobvent, which was kept In an sutaclave under & nitrogen
atmosphere in an gutpclave heated st certain pressure and femporatire,
Isolation of product after coaling the autoclave followed by washing and
P . d SEM confirm hexngonal wuartzlte sorae-
centrifugation. XRD, TEM, o ied constant of solvent and
ture with various particles size. The diclectric
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\emperature relation understand using d*"‘”]"t ’1':3:"‘1“ e
articles. Wen-Feng Heieh et al. [ 1 intrg Ind"lh.t
thesis of “w:t} nancwires by the solvothormal route and E¥almayy
aynthess ot & tized Solar Cells. zinc nitrate hydrate, oy
thelr activity for Dye-Sensitize f 3
d polyethylenimine were used for the syntheg,
methylenctetramine, and po v wromon by sl
of Zn0 nanowlres, ond branched nanowires were gro £ Zno)
SEM. TEM, ond XRD techniques are used to know g,
anawisk ' of nanoparticles, The solar cell was pre.
momphelagy, &lze, ond shape of nanopa
lags subsirate, and FTO substrotes, Dye.
pared using Tn0 nanowlres, o §
Sensitized Solar Cells potentlal evaluation found excellent efficiency for
branched Zr0 nanswires than the Zn0 nanowires. Samanta Cimitan and
Stefanla Albonetti et al. [105] studied In and Ga-doped En0 Rano-
particles wlth the help of the solvothermal methed. In the :!-'n:hﬁ.u
process, ihe peecursor solutlan of both dopants liquifies either in
methoxy ethanal or ethanol only treated with the autoclave. The Dy-
momibe Light Seattering (DLS) characterization has been done for the size
measisrements for which avalanche photodiode had used for detection
purpases. The prepared sample was treated with a temperature range
from 30 *C to 600 *C 1o record its TGA Lo detect the formation of and
volatile by product with the effect of temperature, XAD data leads to
gpherical or ellipsoidal grains having diameters in the range of 15-20
am. Yeon-Tae Yu et al. [186] synthesis of ZnD nanoparticles by pu-lel
wothermal method from the zinc nitrate solutien by maintsining its pH
The same method is repeated for zine acetate and zine chloride salts. The
charscteristic study has been done through XRD, TEM, HRTEM, UV
Vizible spectroscopy, and FTIR analysls, Zn0 nancrods traced by TEM
and HETEM elsborats the manorods as single crystalline. UV Visible
spectrd recognize the blue shift in absorption speetra. Firally, the pre-
pared NPs were introduced a2 gas sensors for ROz gas, and abtained
results showed ZnD nonorods exhibit excellent sersor activity as
compared to Enid nancparticles, temperature, and concentration of gas
also alter the sensing behavier, Lidia Santos and Elvira Fartumato et al,
[107] introduced Galllum - Indium. Zine-Oxide Narmopartickes (GIZ0
HPs} emplaying a sclvathermal methad using Galliom nitrate hydrate,
indium acetate, zine acetare, 2methoxythanal and ethanolamine ars
uied to synthesize GIZ0 nanoparticles. Hapoparticles are well charac-
terized by ¥RD, SEM, TEM, and EDS. Prepared GIZO flm, el=ctrolyte,
and EGT characterized, the obitnined pesults confirm thar synthesized
nanoparticles are applicable in BGT. Paulins Drreyse et al. [108) reporsed
the preparation of Znd nanoparticles by o combined process in which
the precipitation procmss g salvarhermal, LSOy TH0, NaOH, and
KaCOy are used 2= a precursor for the precipitation method and the

Nagomnova et al, [{09] employed synthesiz of Tno nanapaficles and
eviluated gas sensing patential, Zinc nitrate and acetylacetone are used
2 A precarsar Lo synibiesize #pe acelylaceionate panoccrysals in
aquecis conditions followed by treatment with ammonia hydrate ar &0
C. Ethylene ghycol was wsed as a selvent for this process. Film af
naneparticles prepared on AlpO-pubstrabes by uging the screen-printing
technique at @ certain temperature was employed to constrsct the film,
Platinum electrodes and micrabeaters are wsed With AlyOg-substrace,
Ameng the all-constnscted flm, 22 flm displays masimm sensing po-
tential for NO4 as compared 1o CHy, Hy and CO Ankdes sarie et al. | L10]
reparted synthesis, experimentsl and theareties] study of Za0 nano-
particle. Zine acetylnceianate manshydrate, h'iﬂhamnlamim:, stharal,
ard T-petanol ore employed oo synthesize nanoparticles by the ial-
vothermal process. NPs are charactesized by FESEM, XD, [R, snd
UN-_Vizible spectroscopy and computational srudy by wsing the Gausslan

3 program. The obtained data from the stady reveals that salwvent
ethanal affects the sizs, shape,
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comparative study of all the chemioal synthesis methods cover bn this
rEview.

a. ﬁMMn

. Metal axide nanoparticles attracted the waorld due to the versatile
propertiesof Mg, iz easy, simple, and efficie=nt method of preparation of
mnﬁﬂdumdﬂ'ﬂmm promuinent. This review article mainly covers
the synibesis of Zn0 nanopanicles by chemieal rowte methods including,
ZoliGel, Co-Precpitation, Hydrothermal, Micrpemulsion, and sal-
vothenmal metheds. Znd naneparticles are an n-rype of 3 semicondisctar
having a wide bandgap (3,37 V) with large exciton binding energy
making them suitable for diversified applications. Synthesized nanc-
parteles are charncierized by numerows analytical methods such ag
XRD, DSC, TGA, FTIR, UV vislble, FESEM, TEM, EDAX, and Raman
spectroscopy, This synthetic way is an effective and efficient method o
contral morphology, size, shape, and crystal structure and make avail-
able nomerons applicztions in diverse fields, In comparizsen with other
ranoparticles, Zn panoparticles are the most studied nanapariiele due
to the easy avaitshility of precursor, simple synthetie rowts, ey fola-
tion of product, and saitable for all chemical route methods,
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Abstract :

The Cobalt spinel ferrite nanoparticles were preparved by hydrothermal technigue. This
paper aims to study the behaviour due to the effect of temperature on the nanopariicles sintered
at 200°C for 60 minutes in an air atmosphere. The optimal hydrothermal treatment was
performed at 180°C and pH 10 for 4 hr. The CO-Fe;0y nanoparticles were characierized hy X-
ray diffraction (Structural), and patierns showed that CO-Fe;0y nanoparticles have o cubic
structure. The synthesized cobalt fervite nanoparticles were heated from 1 00°C o 900'C under
flowing Ny and changes in mass losses are recorded. The UV-vis absorption specirum shows an
absorption band at 259 nm and 261nm due to CO-Fe;04 nanoparticles sintered at 200°C. IR
shows the absorption peak of synthesized CO-Fe;0y nanoparticles was observed in 4 l6em™!
attributed to the stretching Fe-O bonds respectively. This IR suggests no hydrogen bonding is
observed in synthesized CO-Fe 04 hydrogen bonding is obscrved at 3414 e, The results also
revealed that the as-prepared spinel cobalt ferrite nanoparticles have an estimated optical band
gap energy in the range of 2.5 to 4.5eV. For that CO-I'e;(0y nanoparticles is suitable for
Biomedical application.

1. Introduction :

Nowadays ferrites are in the scientific field as well as commercial Progressing, Until now
ferrites were seen in optics, electronics, mechanics, and other fields. But currently, ferrites have
started making progress in the medical field, cobalt ferrite is a good example of that, Cobalt
ferrites do their best in the biomedical field. Cancer is the mwost deadly disease in present times.
Cobalt ferrites have proven their quality in cancer treatment. Eecause in the treatment of cancer,
when the drug is delivered into the body, it not only treats cancer cells but also harms other
innocent cells. Cobalt ferrites are coming in handy to stop this, Cobalt ferrites nanoparticles have
been synthesized using various synthesis methods such as mechanical milling, laser ablation, co-
precipitation, plasma synthesis, hydrothermal, auto-combustion, microwave, sol-gel, and
microemulsion. "% The synthesis of cobalt ferrite hydrothermal method is used because pure
and highly erystalline nanoparticle is obtained using this method. The chemical co-precipitation
results in the product of perfect stoichiometry. So we are using the chemical route method (such
as hydrothermal) to synthesize pure and rare earth metal doped iron oxide semiconducting
nanoparticles.

2. Methodology :
2.1 Materials and Reagents :

Ferric nitrate  (Fe{NO3);.9H,0), cobalt nitrate  (COMNO;):.6H:0), and sodium
hydroxide(NaOH) were purchased from LOBA Chemie, India, Distilled Water
2.2 Preparation of Cobalt ferrite nanoparticles :

Cobalt ferrite nanoparticles were synthesized by a hydrothermal method. This was
performed by ferric nitrate (25.96gm) and cobalt nitrate (9.2gm) separately dissolving in 60 ml
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distilled water by maintaining the ratio of nitrates (g): water (ml) as 1:3, then both ST;JI;DHE \'ufler:
mixed with stirring. After that NaOH solution (6gm, 50ml distilled water) was added dropwise,
The mixture was allowed to stir at 70 °C until the pH of the mixture reached 10 and a brown
reaction occurred, Then after that, this solution was transferred to o Teflon-lined autoclave. The
autoclave was then scaled and placed in an oven set up at 180 °C for 4h. Then the tcm|?r::mtlum {fr
the autoclave comes to room temperature, separate the black precipitate, and wash it with bi-
distilled water and cthanol. Dry the separated precipitate and sinter it at 200 "C for | hour. The
as-prepared powder is characterized using a UV - visible spectrophotometer, FT-IR
spectrophotometer, X-ray diffractometer, and thermo gravimetric analysis for structural, optical,
and thermal properties respectively.

3. Characterization :

3.1 Structural analysis :

3.1.1 X-ray diffraction (XRD) pattern of the spinel cobalt ferrite nanoparticles :

The X-ray diffraction (XRD) pattern of the spinel type cobalt ferrite nanoparticles
synthesized via hydrothermal method is shown in Fig. 1. These are well indexed at 2evalues of
1827 (111), 30.08° (220), 35.4° (311), 43.05 (400), 53.4° (422), 56.9° (511), 62.5" (440), and
74.01° (533). The peaks are indexed based on the JCPDS (#22-1086) 1 3 These reflections
belong to the cubic structure of fe.c. type. No extra peak other than these reflections is observed
in the XRD pattern. The analysis of the XRD pattern confirms the single-phase cubic spinel
structure of the prepared samples. The most intense peak (311) of the XRD pattern was
considered to estimate the crystallite size. The erystallite size was calculated by the well-

known
Debye-Scherer's formula [ = — 67.4]

which is found to be 21.6 nm confirming the
frose
nanocrystalline nature of the prepared CoFe;04 samples.
(211)
1500 ~
"_".‘..'
& poo -
2
S
£ {440)
500 -
o
20 30 40 ED =14 7O
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Fig 1. XRD patterns of the CoFe;0, nanopowder
312TGA:

Thermo gravimetric analysis (TGA) of synthesized cobalt ferrite nanoparticles is shown
in Fig. 2. The synthesized cobalt ferrite nanoparticles were heated .fmm 50°C to 800°C under
flowing N and changes in mass losses are recorded. The initial weight loss at the femperatiire
range of 50-150°C was due to the evaporation of absorbed water and the primary breakdown of
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the complex. The weight loss observed between 150-550°C with a mass loss of 12.6%, was due
to dehydration of the hydroxyl group in the spinel structure and formation of semi-organic
carbon materials/metal oxides "™, The other stage in sudden weight loss at the temperature range
of 550-640"C is due to the formation of spinel phase metal oxide, After 640°C, no further
distinguishable weight loss was detccted, indicating that all organic constituents were eliminated.

Fig.2 Thermo gravimetric analysis of CoFea0y
J1IFT-IR:

Figure 3 shows the FTIR spectrum of CoFeyOy nanoparticles N3 Infrared studies were
carried out in order to ascertain the purity and nature of the cobalt ferrite nanoparticles. The
FTIR specira of CoFe;0y showed transmittance at.57%m” relates to the Fe-O bond. The
transmittance at 462 and 411cm™ determines the metal oxide bond (Co-0) in the nanoparticles.
The peak observed at 3511cm™ is assigned to the OH group and 3364em™ confirms the OH

stretching and deformation in the bare CoFe;04 nanoparticles. The CoFeyO. confirms the metal
oxide bands in the spinel structure.

bl [0

= owm o= E

3. FTIR Spectra of CoFe; 04 nanoparticles
3.1.4 UV visible spectra :

LThE U""'“_"FiE' absorption spectrum for CoFe;04 is shown in Fig. 4. As shown in the recorded
UV-Vis absorption spectrum shows that the maximum absorption was observed at 416 nm
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d without
wavelength, The presented CoFeyOy was stable for more than 6 days and wifhout any
separation and sedimentation "], The band gap is calculated by using

he

E ==

A

. 9,
This formula, where ¢ is the encrgy band gap, he is photon energy and X is 416 x 107,
after solving this we get an energy band gap is 2.9V,

a
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Fig. 4: UV visible spectra of CoFe;0, nanoparticles
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4. Conclusion :

In this study, cobalt ferrite nanoparticles were successfully synthesized using the
hydrothermal method and comprehensively characterized. The findings confirmed the
nanocrystalline nature, structural integrity, optical properties, and thermal beliividir &7 the
nangparticles. The results suggested promising applications in targeted drug delivery, cancer
treatment, and biomedical imaging, Further research and development in this ficld are ORIy
to hamess the full potential of cobalt ferrite naneparticles for biomedical purposes,
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Abstract:

Ba,ALSi0, a long-lasting afterglow phosphor, was prepared at high temperature using a
solid-state reaction in a weak reductive atmosphere. UV-visible spectroscopy, infrared spectroscopy,
X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive spectrum (EDS),
and photoluminescence (PL) were used to characterize the prepared powder samples. The XRD
analysis of the prepared Ba,Al,SiO; host and Ce** doped BaxAl,SiO; phosphors revealed a
hexagonal crystal structure. The band gap energies of prepared undoped and Ce** doped Ba,Al,SiO;
nano-phosphors were calculated using UV spectroscopy. The FT-IR technique was used to study the
bonding nature of the prepared samples. The crystal structure of the prepared Ce*" doped
Ba,Al:SiO; phosphors was calculated using the XRD technique, and it was found to be hexagonal
axes with cell parameters a=4.7636A°, c=15.5820 A°, and particle size 28.776nm. The optical band
gap energies of BayALSiO;host and Ce* doped BaxAlLSiO; were calculated using UV
spectroscopy. The PL spectra showed the maximum intensity for Ce** doped Ba,ALLSiO;Y at 282
and 443 nm under 600 nm excitation. The CIE color coordinates of the Ce*" doped Ba>AL,SiO;Y are
calculated using the radiant imaging color calculator program and refer to the 1931 CIE Standard

Source C.

Keywords: muffle furnace, Solid state diffusion method, spectrophotometer technique
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1.Introduction:
Rare earth element activated phosphor materials have been studied for the past 30 years and
used in a variety of applications. These rare earth elements piqued people's interest because of
their characteristic emission in the visible and near-visible (ultraviolet) regions. The visible
emissions are attributed to the 5d — 4f transition. Researchers are particularly interested in
europium ion activated phosphors because of their characteristic emission of europium ions in
the visible region. The europium ion activated phosphors have been used in a variety of
applications, including display devices, solid state lighting, radiation dosimetry, x-ray imaging,
CRO tubes[1-4]., LEDs, and Hg discharge lamps [5-8]. The luminescence property of the
europium ion is known to be strongly influenced by its surrounding crystal field and the

symmetry it acquires. Basically, silicates have appropriate.

Properties from an application standpoint include excellent temperature stability, water
resistance, and the ability to exhibit luminescence when doped with rare earth and transition
elements such as europium (Eu) and cerium (Ce).The emission of rare earth elements is affected
by the size, charge, and strength of the ligand-metal ion bonding caused by the surrounding
legands. This emission, known as the 5f— 4d transition [9-10], is a broad band emission that

ranges from ultraviolet to yellow.

Recently, various silicate phosphors activated with Cerium ions have been studied and
investigated. As a result, we can conclude that barium doped silicate phosphor has potential

applications in a variety of lighting fields.

In this paper, we will present the synthesis and characterization of Ce doped Ba,Al,SiO;
nano phosphor using UV-Visible, FT-IR, X-ray powder diffraction, FE-SEM, EDS, and

spectrophotometer techniques.

2. Method of Preparation:

We used the solid state diffusion method to prepare Ce doped Ba,Al,SiO;. Solid state
reactions use a diffuse reaction mechanism, necessitating repeated grinding and heating. So, the
reaction is grind for 15-20 minutes and heat the solid powder mixture (calcination) at elevated
temperatures in air using a muffle furnace (750°) for 24 hours of BaxAl,SiO7, the material cooled
down for 24 hours, and repeated grinding and heating the powder at 750% for 6 hours in a

controlled atmosphere is required to master the valence of the activator and the stoichiometry of the
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host lattice. As a result, doping 1-3% of the activator in the oxide host has been delicate. Again,
samples are stored in glass bottles with proper labeling. These samples are used for further

characterization.

3. Characterization of cerium doped Ba>Al:SiO7:
UV-visible spectroscopy, FT-IR spectroscopy, X-ray powder diffraction, FESEM, EDS-
spectroscopy, and spectrophotometer techniques are used to characterize the prepared Ce doped

Ba;Al:SiO7 samples.

3.1 UV-visible spectra (UV):
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Fig.1.1 Band gap energy of Ba:AL2SiO7

Table no 1.1: band gap energy of the prepared sample of BaxAl>SiO7are enlisted below.

Energy(ev)
Host 5.04
Y 5.18
Ce 3.43
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Fig.1.2 Band gap energy of Ba;Al:SiO-

1.2 IR-Spectroscopy
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Figure.(1.3b): IR spectra transmittance Ba;ALSiO7 :Y
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Figure.(1.3c): IR spectra transmittance Ba;ALSiO7 : Ce

Table. 1.2: IR Vibrations

Vibrations Bonds Nature of Vibrations
1400 Ba-0O Vibrations
1200 — 800 Si—O-Si Stretching Vibrations in SiO4
Si—0-Al
935 Si-O Terminal Stretching Vibrations
750 — 600 Al-O, Stretching Vibrations
Si-Si,
Si-Al
600 — 300 Si-O-Si, Bending Vibrations
Si-O-Al

The IR spectra are shown in the figure. (1.3a)(1.3b)(1.3c). The presence of broad bands in
the spectrum indicates that the sample is amorphous. A broad band centered at 950 cm™ in the 1200-
800 cm! region indicates asymmetric vibrations of Si-O [11-13] within different Si structural units.
An intense broad band in the 300-600 cm™ range is attributed to the bending vibration of Si-O-Si
linkages in various structural units. The symmetric stretching of Si-O and Si-O-Si units results in a

less intense band between 600 and 800 cm!. The presence of crystalline phases is represented by the
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splitting of the broad bands into a number of sharp bands at approximately 1010, 970, 900, 830,
662, 600, 482, and 452 cm’!. Thus, as with XRD, FTIR indicates the start of the crystallization
phase. With increasing temperature and dwell time, these vibration bands become sharper and more
intense, reflecting an increase in the crystalline phase in glass-ceramic materials. Some additional
bands appear around 1060, 930, 706, 625, and 550 cm™!, becoming more intense as dwell time and
temperature increase. According to the literature, these vibrational bands are typical of the
Ba,ALSi0; crystalline phase. With a longer dwell time at higher temperatures, these bands become
more sharp and intense, implying an increase in the amount of Ba;Al>SiO7 crystalline phase. A

number of sharp and intense vibrational bands, corresponding to both crystalline phases, are present.

3.3 X-Ray Diffraction (XRD):
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Fig (1.4) - XRD spectrum for Ce doped in Ba,Al,Si0Oy
The XRD pattern of Ba;Al,SiO71is shown in Figure (1.4). The XRD pattern of Ba;Al,SiO; matches
ICDD file no. 96-900-1420. It has hexagonal axes structure with cell parameter a=4.7636A and
c=15.5820A°[11-13].

The XRD pattern shows peaks with high intensity, confirming the high crystalline nature of the
prepared host BaxAl,Si07 sample. The particle size from the XRD data is calculated using a formula
and is found to be 28.776nm.

_ 092
~ BcosH
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3.4 Scanning Electron Microscope (SEM):

Fig (1.5a) - SEM for 1micrometer size Fig. (1.5b)- SEM for 5 micrometer size

Figures (1.5a) and (1.5b) show SEM micrographs at various magnifications, demonstrating
the presence of surface crystallization. The figure also depicts the dendrite growth of crystals.
Figure depicts two distinct types of crystallites in the microstructure. So, we use FESEM for the

particle.

py (F

Figures 1.6: Field Emission Scanning Electron Microscope.
FE-SEM images of the host Ba,AlSiO; (fig.1.6) show that the host sample has a

nanostructure on the order of 50 to 100 nm.

Volume 24, Issue 5, 2024 PAGE NO: 369



Journal For Basic Sciences

3.6 Energy Dispersive Spectrum (EDS):
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Figure 1.7 Energy dispersive spectrum of Ba, xAl,,SiO7Yy: Cex

Figure (1.7) shows the EDS spectrum and elemental composition of Ba;Al,SiO;. The EDS

spectrum of Ba,Al,SiO; shows signals for Ba, Al, Si, and O in the prepared host material. These

observations, combined with XRD analysis, confirm the successful preparation of Ba,AlSiO;

phosphors.

3.7 Photoluminescence (PL)
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Fig.(1.8)- Excitation spectra of BazAl>Si07:Cephosphor
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Fig (1.9) - Emission spectra of BayAl>SiO7:Cephosphor

We measured photoluminescence spectra for Ba,AlLSiO;: Ce®". Figure 1.8 shows the
excitation spectra for Ba,AlL,SiO7: Ce**. The excitation spectra are carried out at the 450nm emission
wavelength. It shows only one peak at 282 nm, which serves as the excitation wavelength for the

sample's emission spectrum [15-17].

The emission spectrum is shown in figure (1.9) above. It had a broad emission peak at 443 nm

and other low intensity peak at 423nm. The broad emission peak at 443nm is used for the excitation

spectrum.

As a result, the prepared sample of Ba,AlLSiO7: Ce*". can be used in UV excitation and

emission LEDs.

3.8 Color Co-Ordinates
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Fig.1.10: Color co-ordinates of BaxAlSiO7: Ce**
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A 2-D chromaticity diagram similar to the one in Figure 1.10 can be used to express the
chromaticity coordinates [20-22]. This graphic displays the spectral wavelengths of the major single
frequency colors as well as all the hues that a typical observer would be able to perceive for

different (x,y) pairs. The white point on this diagram is represented by the A point.

The chromatic coordinates (x, y) was calculated using the color calculator program radiant
imaging refer to the 1931 CIE Standard Source C (illuminant Cs (0.3101, 0.3162)) [22]. The
coordinates of the Ce*" doped Ba,Al,SiO-phosphors of strong blue color (x_0.8535,y 0.3852) for
emission at 443 nm and are shown in Figure 8 by points A (white circle). This indicates that the
color properties of the phosphor powder prepared by combustion synthesis do approaching

requirements of solid state lighting.

4. Conclusions:

A solid-state reaction used to prepare the cerium ion doped Ba;Al,SiO; phosphor. The XRD
measurements show that the prepared phosphor has a hexagonal structure. The band gap energies
are calculated using UV spectroscopy and are 3.43 eV, 5.18 eV, and 5.04 eV for pure Ba,Al:SiOy,
0.1 m% Ce*" doped Ba,Al,SiO7, and 0.5 m% Ce doped Ba,Al,SiO~, respectively. PL measurements
show the highest intensity at 443 nm, these phosphors are appropriate for lighting applications.
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Abstract: Liquefied petroleum gas (LPG) is used for cooking as well as in vehicles in the form
of compressed natural gas (CNG) and in industries. As gas is volatile, there is the possibility of
leakage which will be turned into take explosion or fire. It is a keen need to use the detection
system for gas leakage for security purposes. ZnO thick film sensor was synthesized and
fabricated by using the standard screen-printing method. The XRD pattern revealed that the
ZnO thick film was polycrystalline, with an average crystallite size of around 27.1174 nm. The
SEM scan revealed a ZnO particle size of around 1.88um. Additionally, electrical and thermal
properties were examined. This paper discussed the synthesized ZnO thick film LPG gas
leakage detector prototype using Arduino ATMEGAS.

© 2024 The authors. Published by Alwaha Scientific Publishing Services SARL, ASPS. This is an
open access article under the CC BY license.

1. Introduction

The main source of fuel in this era is liquefied petroleum
gas (LPG) not only in urban areas but also in rural areas.
Compared to traditional fuel material LPG is clean and easy
to handle. Because of the different government schemes
most of the families in the rural areas benefited from using
LPG. Today gas sensors are marked and demanded
chemical sensors (Shankar and Rayappan 2015). Gas
detection and indicators are widely needed in industries,
industrial safety, monitoring and controlling environmental
conditions, and processing control. The change in any one
or more properties for instance resistance, temperature,
humidity, etc. in the presence of a gas environment
identifies the detection of gas leakage (Sowmya et al.

® Corresponding Author: sajidnaeem@mmanctc.edu.in

2021). The working of a metal oxide-based thick film gas
sensor is based on the reaction of gas molecules with the
surface of a thick film (Gusdevi et al. 2021). In this Oxygen,
ions absorb on the surface by removing the electrons from
bulk material and creating the barrier which limits the
electron movement and results in the conductivity of the
sensor (Hussain et al. 2017). For the detection of gas by
metal oxide semiconducting material smaller grain size,
stability, and good structural and electrical properties are
the most important parameters (Bhavithra et al. 2021).
The structural and electrical properties can be changed
and improved by adding the additive and or dopant
material (Ménil et al. 2005). Metal oxide materials are
widely used for different applications such as solar cells,
sensors, supercapacitors, optoelectronics, cosmetics,
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piezoelectric, etc. (Naeem et al. 2023). For commercial
purposes, LPG is considered fuel in all countries (Devi et al.
2006). Today LPG is vastly and primarily used in different
applications, mostly for cooking and recently in vehicles
since it is clean and convenient (Shinde et al. 2007). The
LPG gas is stored as a liquid at high pressure and low
temperatures thus the gas converts into liquid in the
cylinder which is use for cooking purposes (Arshak and
Gaidan 2005). LPG means Liquefied Petroleum Gas having
a mixture of different hydrocarbon elements and
originating from natural gas (Singh et al. 2023). For
commercial use, LPG is stored in a cylinder whereas the
LPG storage area uses strong and not easily leak gas tubes
(Patil et al. 2023). But we know that LPG is a flammable gas
so the main issue of the leakage problem of LPG is a
serious problem for home security and residential area.
Many commercial gas sensors are available in the market.
Out of that MQ series metal oxide-based gas sensors are
used widely. Use of MQ gas sensor for detecting different
reducing gases like LPG, smoke methane, and butane
directly or with Arduino from 200 to 10000 ppm gas (Singh
and Yadav 2023). This gas sensor cannot identify which gas
was leaked, if a mixture of gas is present in the air, it
detects the gas having the highest ppm. Similarly, most of
the research was done on metal oxide semiconducting-
based gas sensors (Reshma et al. 2023). The adsorption
properties of the gas sensor change with respective
changes in temperature and simultaneously noted the
change in resistance value (Ingale et al. 2023). The
sensitivity of the gas sensor depends on the gas molecules
distributed on the surface of the sensor material, the
morphology of the surface of the sensor, the grain size of
the material, the surface area, etc (Panwar et al. 2023).
The oxide materials like tin oxide, iron oxide, zinc oxide,
cadmium oxide, aluminum oxide, molybdenum oxide,
nickel oxide, and tungsten oxide, were studied for a long
time as gas sensors. However, these oxide materials are
sensitive to gas at very high temperatures (Shkir, 2023).

Zinc oxide (ZnO)-based gas have become

increasingly popular due to their rapid response, low

sensors

detection limits, high selectivity, reliable performance, and
cost-effectiveness. ZnO offers additional advantages such
as biocompatibility, chemical stability, environmental
friendliness, and low synthesis costs, making it a focal
point in research for detecting toxic and harmful gases. A
comparative analysis of a developed ZnO sensor prototype

with available ones would involve evaluating sensitivity,

detection stability,

reliability, manufacturing cost, environmental impact, and

selectivity, response time, limit,
long-term performance. This analysis helps researchers
of the

developed sensor and identify areas for improvement,

understand the strengths and weaknesses
ultimately advancing the field of gas sensing technology.
The comparison aims to highlight the prototype's
performance against existing sensors, showcasing its
potential for practical applications. Researchers analyze
various parameters, including sensitivity, selectivity, and
response time, to gauge the prototype's effectiveness. By
addressing these aspects, the study contributes valuable

insights to enhance ZnO-based gas sensor technology.

Nowadays, interfacing of commercially available gas
sensors with Arduino is widely used for sensing various
gases and indicating the leakage of gas. Many researchers
continuously work on thin/thick film semiconductor
material gas sensors and try to improve the sensitivity,
response, and recovery time but very few used the
material for a working model. In this paper ZnO is used as a
gas sensor prototype for LPG gas sensing using Arduino has
been discussed. The advantage of this prototype system is
that we can change the thick film sensor as well as the
operating temperature (less than or equal to 300 °C) for

the different gases as studied in characterization.
2. Experimental details

different
experimental technique for the synthesis of ZnO powder,

The methodology includes stages, an
fabrication of thick film sensor, structural characterization
of thick film

characteristics of thick film, and prototyping of ZnO thick

sensor, electrical and gas sensing

film using Arduino.
2.1. Synthesis of ZnO

The ZnO powder was prepared by using the high-
temperature self-combustion sol-gel method (Nehru et al.
2016). In this method, the precursors are Zinc nitrate
hexahydrate as a source material and Dextrose as a fuel
was used. The mixture of source material and fuel was
dissolved in water and kept on a hot plate. As the solution
becomes gel-type it was kept in a pre-heated muffle
furnace at 550 °C for 5 to 10 minutes. The solution boils,
ignites, and after completion of the reaction yields an
amorphous-like powder. The powder was calcinated at 650
°C to get pure ZnO. The XRD of the powder proves the

formation of ZnO.
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2.2. Fabrication of ZnO thick films

The ZnO thick films were fabricated using a well-known
screen-printing technique. For making the paste and for
fabrication the ratio of organic to inorganic material was
70:30 throughout the work. For the formation of proper
paste, in inorganic material ZnO powder and glass powder
as a permanent binder were used. Whereas the inorganic
part contains Ethyl cellulose as a temporary binder and
Butyl Carbitol Acetate as a vehicle. The prepared paste was
printed on the alumina substrate using the screen-printing
technique. After drying the films in air and under an IR
lamp the films were fired at 700 °C for 1 hour to remove
the organic vehicle and stick the film material evenly on
the surface of the alumina substrate. To decrease the
wake-up time of the sensor of thick films one can mix the
smaller amount (1 to 10%) of the different oxide material
additives like Al,O3 and TiO, are added to the ZnO powder
(Lamdhade 2015). And then analyze the electrical and gas
sensing characteristics of the sensor films. The flow chart
of the fabrication process shows the detailed method.
Fig. 1 shows the block diagram of the process of
fabrication of ZnO thick films.

3. Results and Discussion
3.1Structural and morphological analysis

The structural characteristics of ZnO films were studied
(XRD) and
characteristics were studied using a scanning electron

using X-ray diffraction morphology

microscope (SEM). ZnO thick film was prepared at 550 °C
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Fig. 1. Block Diagram of preparation and fabrication of
thick film samples.
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Fig. 2. XRD pattern of ZnO thick film.

temperature. Fig. 2 shows the XRD pattern of ZnO thick
film.

The nature of the ZnO thick film was polycrystalline from
the XRD pattern. To find the crystallite size Scherrer’s
formula was used below Eq. (1).

kA
BCozB

Crystallite size (D) = (1)

Where A is the wavelength of X-ray radiation and B is the

FWHM.

Fig. 3 shows the SEM image of the ZnO thick film.
The grains were agglomerated with space in between. The
Zn0 particle size of about 1.88um was observed by SEM
image. The specific surface area of the spherical particles
of ZnO thick film material was derived by using the
following Eq. (2).

£

Sw =
Wpr:i'

(2)

Where p the density and d is the diameter of the particles.

Fig. 3. SEM image of ZnO thick film.
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Table 1 Crystallite size from XRD and Particle size, specific
surface area from SEM.

Observed Values

N Plane Intensity  FWHM D
No. (i) 20 d(A%)
(1/10) (B) (nm)
1 3178 100  31.80  2.81 62.50 0.2553  34.1529
2 3444 002 3441 261 53.71 02551  34.4118
3 3626 101 3626 248  100.00 03130  28.1908
4 4755 102 4748 192 20.21 03023  30.3037
5 5662 110 5657 163 27.60 03600  26.4517
6 6288 103 6127 151 11.71 03375  28.8766
7 6340 200 6284 148 22.10 03867  25.4112
8 6798 112 6648 141 12.92 03946  25.4082
9 6912 201 6815 138 20.60 05101  19.8468
10 7259 004  69.08 136 8.95 04183  24.3368
11 7698 202 7684 124 23.64 05121  20.9004

Table 1 contains the standard values of XRD data of ZnO
from JCPDS 36-1451 card and calculated values of 26, d,
FWHM, and peaks (hkl). The estimated crystallite, particle
size, and specific surface area from XRD characterization.
The average size of crystallite is about 27.1174 nm.

3.2 Electrical and Thermal Characterization

The electrical and gas sensing characteristics of prepared
ZnO thick film were studied in the presence of air and LPG
gas environments with respective changes in temperature.
As the temperature rises, the decrease in sensor resistance
takes place because of desorption of hydroxyl groups
indicates the increase in sensitivity (Nehru et al. 2016).
The gas sensing characteristics were observed in the
presence of 1000 ppm LPG gas. Figure 4(a) shows the
variation of resistance of prepared ZnO thick film

concerning the change in temperature from room
temperature to 400 °C. As the temperature increases the
resistance of ZnO film decreases. Also, it was clear that the
resistance of the film was lower in the presence of a gas
environment. Fig. 4 (b) shows the graph for finding the
operating temperature. The operating temperature is the
temperature at which the thick film sensor senses the gas
and changes its resistance. The operating temperature was
calculated using the ratio of the resistance of the film in

the air to the resistance of the film in a gas environment.

The ZnO gas sensors require a higher temperature
(between 200 °C to 400 °C) to sense and respond to the
reducing or oxidizing gases is the main disadvantage.
Figure 5 clearly shows the two different peaks at
temperatures 170 °C and 240 °C with the sensitivity of 3.5
and 4.29, respectively. The sensitivity increases with an
increase in temperature.

(8) 200 Ts=550°C FT-T00°C PG {(b) 2

Resistance Vs Temp,™(

0 200 00 00 0 Pt 400 00

Temperature 'C

Temparature 'C

Fig. 4. (a) Electrical characteristics of ZnO thick film in the
presence of air and LPG gas (b) Response curve of Film
resistance V/s Operating temperature.

3.3 ZnO thick film-based LPG gas sensor prototype

As metal oxide-based gas sensors work at higher
temperatures the heater and its temperature are the most
important parameters while designing a prototype gas
sensor. In this study, a Nichrome wire wound around a
ceramic core having 1Q resistance was used as a heater
with a high power rating from 50 to 100 watts. The size of
the heater is 10 X 10 X 30 mm. The Maximum working
surface temperature of the heater is up to 400 °C. To
power up the heater 12V power supply was provided. To
control and maintain the operating temperature
thermocouple is used. The output of the thermocouple is
connected to the ADC through the AD595 instrumentation
amplifier. The Atmel ATmega8A board is used to interface
and to show the result on an LCD screen. Figure 5 shows
the circuit diagram of ZnO thick film-based LPG gas sensor

prototype.

This circuit can be used for different types of thin/thick
metal oxide-based gas sensors. The sensor film can be
removed and replaced for testing of different gases. Once
the heater is ON, it increases the surface temperature so
that ZnO thick film temperature. As soon as the heater

L Terpernture Senaor

Fig. 5. Circuit diagram of ZnO thick film-based LPG gas
sensor prototype.
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temperature reaches the operating temperature heating
stops and maintains the temperature. Buzzer used to
indicate the heater temperature reached up to operating
point temperature. Once this buzzer is ON, the circuit is
ready for testing gas leakage. The buzzer starts only once
initially when the circuit is powered up and the heater
starts to heat up to the operating point temperature after
that control circuit maintains the operating temperature
and heater ON and OFF as per requirement. It takes
different times for different operating temperatures. It
takes around 4 minutes to reach a temperature of 150 °C.
At this temperature around 50 mW power is required to
the circuit. After exposure of LPG gas, the surface of the
sensor reacts with LPG result to drop the resistance of
sensor gradually.

The change in the sensor resistance is displayed on the LCD
screen indicates the leakage of gas. This sensor circuit i.e
prototype gas sensor works for different type of thick/thin
films at variable operating temperatures by simply
exchanging the first sensor film with the other sensor film.
The maximum temperature of the heater is 300 °C so one
can use it for an operating point up to 300 °C. Fig. 6 (a)
shows the sensing circuit with display (portable prototype
sensor kit) Fig. 6 (b) shows the actual circuit's internal
connection with Arduino and Portable prototype kit.

Figure 7 (a) and (b) shows the complete prototype sensor
under testing condition. The screen displays the heater's
real-time temperature means sensor temperature by the
word ‘TMP’, the operating temperature of the sensor by
the word 'SET’, and the resistance of the sensor by the
word ‘REST’. Two push buttons are used for setting the
operating temperature as per requirement one for
increasing and the other for decreasing the set
temperature. After power on the circuit first set the
operating temperature and the power on the heater, it
increases to the set point, and the heater is automatically

off. If the heater temperature decreases or increases,

Fig. 6 (a) Portable Prototype gas sensor kit (b) Internal view

interfacing with Arduino.

Fig. 7 (a) Portable Prototype ZnO gas sensor kit under

testing condition (b) Output LCD display for readings.

control the circuit ON and OFF the heater and maintains
the operating point. This complete process is completed in
5-7 minutes. After that, if LPG exposes on the surface of
the thick film sensor it is indicated on display by decreasing
the value of resistance.

4, Conclusion

The usual screen-printing approach was used to synthesize
and produce a ZnO thick film sensor. According to the XRD
pattern, the ZnO thick film is polycrystalline, with an
average crystallite size of roughly 27.1174 nm. The SEM
scan revealed that the ZnO particle size was approximately
1.88m. Electrical and thermal properties have also been
investigated. A prototype LPG gas leakage detector based
on ZnO film sensor and Arduino ATMEGA8 has been
constructed and tested successfully. Petroleum liquefied
gas LPG is used not just for cooking but also in vehicles as
compressed natural gas (CNG) and in industry. Because gas
is flammable, there is a risk of leakage, which could result
in an explosion or fire. It is critical to use a gas leak-
detecting system for security reasons.
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Abstract

One of the challenges in metal oxide gas sensors is to achieve high sensitivity and selectivity tdsvar
specific gases of interest while minimizing cross-sensitivity to other gases present in the emwment.
This requires careful design and engineering of the sensor materials and operating paratars. Gas
sensing applications of binary metal oxides have been an area of significant interest daeheir high
sensitivity, low cost, and stability. Binary metal oxides have shown promising results in detecting
various reducing and oxidising gases, such as LPG, MHCO, NOx, HS, and VOCs. These metal
oxides exhibit semiconducting properties, and their conductance changes when exposed to daffier
gases, enabling their use in gas sensing applications. The future prospects for gas sensing aiolis

of binary metal oxides are promising, with ongoing research focused on enhancing their séhéty,
sensitivity, response time, and stability. Integration with advanced technologies such as
nanomaterials, nanocomposites, and functionalization with noble metals or other catalytic materials is
expected to further improve the performance of binary metal oxide gas sensors. Additionally, the
development of miniaturised and portable gas sensors for environmental monitoring, industrial
safety, and healthcare applications is a growing area of interest. This review points out the
shortcomings of the existing work on binary metal oxides. The main aim of the current reviearticle

is to provide brief information on applications and methods of preparation of binary metal oxides.

Keywords: binary metal oxides, noble metals, gas sensing, nanomaterials, environmental monitoring.

1. Introduction

Air pollution poses significant threats to both human health and the environment [1]. It results fror
the release of various pollutants, such as particulate matter, carbon monoxide, sulfur dioxide, and nitrog
dioxide, into the atmosphere. These pollutants can cause respiratory issues, heart diseases, and
premature death in humans [1, 2]. Moreover, air pollution contributes to climate change, acid rain, and t
depletion of the ozone layer, which in turn affects ecosystems, agriculture, and wildlife. To mitigate thes
impacts, it is crucial to implement stricter emission standards, promote clean energy, and encoure
responsible practices in industries and households [3, 4]. Gas sensors play a crucial role in address
several vital needs across various sectors, driven by the growing emphasis on safety, environmer
monitoring, and industrial processes [5, 6]. In industrial area, gas sensors are essential for monitoring «
detecting hazardous gases, such as hydrogen sulfide, carbon monoxide, ammonia, and volatile org:
compounds. Early detection and alarm systems based on gas sensors are critical for ensuring the safe
workers and preventing potential gas-related accidents. Gas sensors are employed for environme
monitoring in both indoor and outdoor environments. They are used to detect and measure levels
pollutants, including carbon dioxide, nitrogen oxides, sulfur dioxide, and volatile organic compounds, t
assess air quality and ensure compliance with environmental regulations [7, 8]. The need for gas senso
evident in protecting human health, ensuring workplace safety, meeting environmental regulations, a
enhancing the efficiency of industrial processes [8, 9].

Metal oxide gas sensors have garnered significant attention for their diverse applications in g
detection and environmental monitoring [10]. These sensors utilize the semiconducting properties of me
oxides to detect and quantify the presence of specific gases. Metal oxides are utilizedsémsyag
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applications for detecting harmful gases such as carbon monoxide, nitrogen oxides, and volatile orga
compounds. Their semiconducting properties enable the development of gas sensors for environmel
monitoring, industrial safety, and automotive applications [10, 11]. Metal oxide gas sensors operate bas
on the principle of changes in electrical conductivity when exposed to target gases. Adsorption of g
molecules on the surface of the metal oxide alters its conductivity, leading to a measurable change
resistance. This change is then correlated to the concentration of the target gas [11].

Binary metal oxide (BMO) gas sensors refer to a specific type of gas sensor that utilizes
combination of two different metal oxide materials as the sensing element [12]. These sensors are prima
used for detecting and analyzing various gases in the environment. In a binary metal oxide gas sensor,
two metal oxides are mixed together, creating a heterogeneous mixture. This combination aims to imprc
the overall performance of the sensor by exploiting the synergistic effects between the two metal oxides [.
13]. These effects can lead to enhanced selectivity, sensitivity, and stability in detecting specific targ
gases. The combination of these materials can result in improved gas sensing capabilities, making bin
metal oxide gas sensors a valuable tool in various industries, such as environmental monitoring, indust
safety, and air quality control [13, 14]. The inadequacies of the previous research on binary metal oxides
highlighted in this study. The primary goal of this present article is to give a quick overview of the uses ar
preparation techniques for binary metal oxides.

2. Synthesis methods for Binary Metal Oxide gas sensors

The binary metal oxides are synthesised using various methods such as physical, chemical ¢
biological [15-17]. Many methods are reported for the preparation or synthesis of binary metal oxide g
sensors. Fig. 1 reveals the methods adopted for synthesis of binary metal oxides for application of ¢
Sensors.

Sol-gel
method

Physical

vapor Precipitation

method

deposition

Synthesis
methods for
Binary metal
oxide gas
sensors

Microwave-
assisted

Hydrothermal
method

Chemical
vapor
deposition

Figure 1: Synthesis methods of binary metal oxide gas sensors

2.1 Sol-gel methodThis technique involves the formation of a sol (a colloidal suspension) by mixing metal
alkoxides or metal salts with a solvent. The sol is then transformed into a gel through a hydrolysis al
condensation process. The gel is dried and calcined at high temperatures to obtain the desired binary n
oxide. The sol-gel method allows for precise control over the composition, morphology, and particle size
the final product [18, 19].

IJIRMPS230481 Website www.ijirmps.org Email: editor@ijirmps.org 2



https://www.ijirmps.org/

Volume 12 Issue 1 @ 2024 IJIRMPS | ISSN: 2349-7300

2.2 Co-precipitation method: In this method, metal salts are dissolved in a solution containing a
precipitating agent, such as ammonia or sodium hydroxide. The reaction between the metal ions and
precipitating agent leads to the formation of a binary metal oxide precipitate. The precipitate is then washi
dried, and calcined to obtain the final product. This method is suitable for producing binary metal oxide
with a wide range of compositions [19, 20].

2.3 Hydrothermal and solvothermal synthesisThese methods involve the reaction of metal precursors in
a high-temperature, high-pressure aqueous or non-aqueous solution, respectively. The reaction takes
in a closed, temperature-controlled autoclave. The binary metal oxide product forms as a result of t
controlled crystallization process. Hydrothermal and solvothermal synthesis can produce binary met
oxides with well-defined structures and controlled particle sizes [21, 22].

2.4 Chemical vapor deposition (CVD) These techniques involve the deposition of binary metal oxide thin
films on a substrate by introducing metal precursors in the gas phase. CVD uses chemical reactions betw
the precursors and the substrate [21].

2.5 Physical vapor deposition (PVD):PVD relies on physical processes like sputtering or evaporation.
These methods are suitable for producing thin-film binary metal oxide gas sensors with controlled thickne
and composition [22].

2.6 Microwave-assisted synthesistn this method, binary metal oxide materials are synthesized using
microwave radiation as the heat source. Microwave-assisted synthesis can lead to rapid and uniform hea
of the reaction mixture, resulting in shorter synthesis times and improved control over the final product
properties [22, 23].

3. Factors affecting the gas sensing performance of the binary metal oxide gas sensors

Several factors influence the gas sensing performance of binary metal oxide gas sensors. Th
factors can affect the sensitivity, selectivity, response time, and stability of the sensors [24]. Some k
factors are shown in Fig. 2.

Particle size

Sensor
fabrication
and
processing
techniques

Morphology

Factors
influence the
gas sensing

Operating performance ’ Crtystal "
temperature structure an
defects

Material
composition

(Doping)

Surface area

Figure 2: Factors influence the gas sensing performance of binary metal oxide gas sensors

3.1 Material composition: The choice of metal oxides and their proportions in the binary mixture play a
significant role in determining the gas sensing properties. The combination of two metal oxides can lead
synergistic effects, which can improve the overall performance of the sensor.

3.2 Particle size and morphologyThe size and shape of the binary metal oxide particles can impact the
sensor's response to target gases. Smaller particles typically exhibit higher surface area, leading to incre:
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sensitivity. Additionally, the morphology of the particles can affect the gas diffusion and adsorption proces
which in turn influences the sensor's performance.

3.3 Surface area:A higher surface area allows for more active sites on the sensor's surface, resulting
improved sensitivity to target gases. The surface area can be influenced by factors such as particle <
porosity, and agglomeration.

3.4 Crystal structure and defectsThe crystal structure and the presence of defects within the binary metal
oxide material can impact the gas sensing properties. Defects can act as active sites for gas aasbrpti
interaction, which can enhance the sensor's sensitivity and selectivity.

3.5 Operating temperature: The temperature at which the sensor operates can significantly affect its
performance. Higher temperatures generally lead to increased sensitivity and response speed, but they
also cause sensor degradation over time. Optimizing the operating temperature is crucial for achieving
best gas sensing performance.

3.6 Sensor fabrication and processing technique3he methods used for synthesizing and processing the
binary metal oxide material can influence the gas sensing properties. Factors such as the presenct
impurities, grain size, and the uniformity of the film or particle distribution can impact the sensor's
performance.

3.7 Gas concentration and humidity:The concentration of the target gas and the presence of humidity in
the environment can affect the sensor's response. Some binary metal oxide sensors may be more sensiti
humidity, leading to potential cross-sensitivity and interference in the gas detection process.

3.8 Sensor design and integrationThe design of the sensor, including the choice of transducer and the
integration of the binary metal oxide layer, can also impact its gas sensing performance. Proper design .
integration can help optimize the sensor's sensitivity, selectivity, response time, and stability.

4. Literature Survey:

In 1953, Brattain and Bardeen conducted the first research of the semiconductor material group
germanium (Ge). Heiland's research report on metal oxides' gas sensitivities was published in 19!
Seiyama's work from 1962 demonstrated that ZnO structures were susceptible to airborne reactive ge
[24]. 1968 saw the introduction of Taguchi-type sensors to the marketplace and the industrialization
tin oxide gas sensors. Presently, real-time gas sensors that use chemiresistive metal oxide semicondu
have become increasingly important in both science and industry because of their high sensitivity
chemical environments, affordability, ease of implantation, safety, and durability at high temperatures a
high pressures all of which indicate compelling conditions [25, 26]. One major issue with metal oxide ge
sensors is gas selectivity. In recent investigations, it has been suggested to adopt a heating mode of a
sensing floor with continuous temperature modification to boost the selectivity of metal oxide sensor
Researchers stated that, by choosing the metal oxide material to have specific surface properties
enhance selectivity to the target gas [28, 29]. This can involve modifying the metal oxide composition ¢
doping it with other elements. Also modifying the surface of the metal oxide with functional groups o
coatings that selectively interact with the target gas [29, 30]. This can enhance the sensitivity and selecti\
of the sensor. Adjusting the operating conditions such as temperature, humidity, and gas flow rate c
improve the selectivity of the sensor to specific gases. Implementing these strategies can helghmritigate
gas selectivity problem in metal oxide semiconductor gas sensors, improving their accuracy and reliabil
in gas detection applications [30, 31]. Hence now a days researchers are focused on tire birtaky
metal oxides sensors because binary metal oxides are exhibit tunable properties based on the compos
ratio of the two metals. This allows for fine-tuning of the sensor's response to specific gases, improvi
selectivity. The combination of two different metal oxides can result in synergistic effects, where th
properties of the binary oxide are different from the individual components [32, 33]. This can lead t
improved sensitivity and selectivity. It offer a promising avenue for enhancing the sensitivity and selectivit
of gas sensors, making them valuable for various industrial, environmental, and healthcare applications.

5. Conclusion and future scope

Binary metal oxides, are compounds composed of two different metal cations bonded to oxyge
have garnered significant interest due to their diverse properties and potential applications. Drawil
conclusions about these materials involves considering their current applications, ongoing research trer
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and potential future directions. BMO hold great promise for a wide range of applications, and ongoin
research efforts aimed at understanding their properties and behavior will likely lead to furthe
advancements and practical implementations in various fields. Efforts to integrate BMO into practic:
devices, such as batteries, sensors, and catalytic reactors, will drive their commercialization and real-wc
impact.
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Abstract

The study of electrical and gas-sensing properties of Cadmium Sulfide (CdS) thick films is cratcfor
understanding their potential applications in gas sensing technologies. CdS is a wide bandgap
semiconductor material that exhibits a unique property called photo-conductivity, whichmeans its
electrical conductivity changes in response to light or gas exposure. This property mak€slS a
promising candidate for gas sensing applications. In the present research work authorestigated
the electrical and gas sensing properties of CdS thick films developed by screen ping method. The
electrical and gas sensing properties were investigated using static electric and gasss&nsystem.
The resistivity of the films was studied using half bridge method. The resistivity, TCR andctivation
energy of films were found to bes09575 Q.m, -0.00233 /°C and 0.1067 eV respectively. A film shows
maximum gas response to the Nf)gas at operating temperature 120C. The maximum sensitivity
was found to be 73.68 %. The films exhibit quick response and recovery time.

Keywords: Thick films, Cadmium Sulfide, gas sensors, air pollution, photoconductive.

1. Introduction:

Air pollution refers to the presence of contaminants and excessive amounts of certain substances
the Earth's atmosphere. These contaminants can originate from both natural sources, such as volc
eruptions and wildfires, and human activities, including industrial processes, transportation, and ener
production [1, 2]. Air pollution can have severe consequences on public health, climate, @mahge
ecosystems. Some major components of air pollution include particulate matter (PM), ground-level ozor
nitrogen oxides (NOXx), sulfur dioxide (SO2), carbon monoxide (CO), and volatile organic compound
(VOCs). These pollutants can lead to respiratory and cardiovascular diseases, premature death, and ¢
health issues when inhaled by humdhs3]. Nitrogen dioxide (N@) is a significant air pollutant and a
major component of photochemical smog. It is primarily produced by combustion processes, such as th
occurring in vehicles, power plants, and industrial facilities. The presence ofniNe atmosphere can
have various detrimental effects on human health, the environment, and materials [4, 5]. Prolonged expos
to NOy is lead to respiratory problems, aggravate existing respiratory and cardiovascular diseases, and ca
premature death. It can irritate the airways, lungs, and eyes, leading to symptoms like coughing, wheezi
and shortness of breath. Children, the elderly, and people with pre-existing health conditions are particule
vulnerable to the effects of N(b, 6].

Metal sulfides, being a class of semiconductor materials, have been extensively researched ¢
utilized in the development of gas sensors [7]. These sensors function based on the interaction between
metal sulfide material and the target gas molecules. When gas molecules adsorb onto the metal sul
surface, it causes a change in the material's electrical properties, such as resistance orceagitan
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change can then be measured and translated into a detectable signal, allowing for the identification «
guantification of the gas present. Metal sulfide-based gas sensors have been applied to detect various g
including oxidizing and reducing gases, offering potential for use in air quality monitoring, industrial safety
and environmental applications [7, 8]. Cadmium Sulfide (CdS) is a chemical compound commonly used
various applications due to its unique properties. It is a semiconductor material with a wide bandgap, whi
makes it suitable for photoconductive and photovoltaic devices [9]. Additionally, CdS has been employed
the production of red light-emitting diodes (LEDs) and as a pigment in the past, although its use as
pigment has been largely replaced by safer alternatives due to health and environmental [@aridgrns

Screen printing is a widely used technique for depositing thick films on various substrates, includin
those employed in gas sensor fabrication [12]. This method offers several advantages, such as c
effectiveness, high throughput, and the ability to produce complex patterns. When it comes to creating th
films for gas sensors, screen printing can be particularly useful for depositing conductive inks or pastes tl
respond to specific gas concentrations [13, 14]. The major aim of the current research work is to study
electrical and gas sensing properties of CdS thick films developed by screen printing method.

2. Materials and methods

The commercially avilable CdS nanopowder purchased from sigma enterprises, Nashik was used
the development of thick films. The films were developed on glass substrate by screen printing method. T
inorganic and organic materials 70:30% ratio was used to develop pure CdS thick films [15]. The inorgar
material consists of CdS nanopowder while organic materials including butyl carbitol acetate and eth
cellulose. Fig. 1 reveals the schematic diagram of development of thick films using screen printing methoc

Active powder (AR grade nanopowder)
For the preparation of CdS thick films

.

Mixing of active powder with ethyl cellulose

¥

Preparing paste by adding Butyl Carbitol Acetate (BCA)

¥

Using screen printing setup preparation of films on glass
substrate and settling in air atmosphere

. 2

Settling in air atmosphere followed by drying under IR lamp
for 30 mins.

Prepared CdS thick films were annealed at 200 °C for 2 Hrs.

L 2

Electrical and gas sensing characterizations of prepared CdS thick films

Figure 1: Steps of development of CdS thick films using screen printing method

3. Result and discussion

The half-bridge circuit configuration is a widely used method for electrical characterization,
particularly for measuring resistance, inductance, and capacitance in various electronic components :
circuits. It offers several advantages, such as simplicity, high accuracy, and the ability to handle hig
voltages and currents. The schematic diagram of half-bridge circuit configuration is shown in Fig. 2 [1!
16]. Resistivity of thick films refers to the measure of a material's resistance to the flow of elecemnt
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when formed into a film with a significant thickness. The resistivity of thick films is an essential paramete
for various applications, such as conductive inks, coatings, and printed electronic devices, including @
sensors, flexible displays, and RFID ta8ssistivity (p) is a fundamental property of a material and is
defined as the resistance (R) per unit length (L) of a conductor with a uniform cross-sectional area (A). T
relationship between these parameters can be expressed by the formula (Eq. 1).

p=RXxA/L (1)
Where,p= Resistivity, R= resistance at room temperature, L= length and A= area of film

Thick Film

Power supply —— E =10 MQ Multimeter

(+30 VDC)

Figure 2: Schematic of a half-bridge circuit

Fig. 3 shows the resistance verses temperature plot of CdS thick films. It has been observed that from Fi
the resistance of the films is decline as ambient temperature is increased [17, 18]. This type of nature
graph indicating semiconducting nature of the film. The resistance of the film decreased due totimerease
mobility of carrier concentration as heat increases.

1.20E+010 - ﬁ*
] ;L; —tr—Rc
__ 1.00E+010 - Y
£ 1 )
£ r
S 8.00E+009 - Y
] 4 )
a *
E 6.00E+009 - Hou
° 1 %
;-3 4.00E+009 - oty
2.00E+009 M
GIBUE+000 L] I L] I L] I L] I L] I L] I L] I
250 300 350 400 450 500 550 600
Temperature (°C)

Figure 3: Resistance verses temperature plot of CdS thick films

Activation energy of thick films is a crucial parameter in gas sensing applications, as it significactly aff
the performance and reliability of the sensors [18, 19]. The activation energy refers to the minimum amot
of energy required for a chemical reaction to occur. In the context of gas sensing, it is crucial fc
understanding the interaction between the thick film and the target gas moldicusesrucial for gas
sensing applications, as it influences the sensitivity, selectivity, response time, stability, temperatu
dependence, and data interpretation of the gas sensor [20, 21]. By optimizing the activation energy
understanding its impact on the gas sensing process, one can enhance the overall effectiveness of
sensors. The Arrhenius equation is a mathematical model that relates the rate of a reaction to
temperature at which it occurs. The activation energy is calculated by measuring the rate constant (k)
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different temperatures (T) and using the known pre-exponential factor (A) for a specific reaction. Th

Arrhenius equation is presented in Eq. 2. AE = 298 kT

log Ro
)
Where, AE = Activation energy, R = Resistance at elevated temperature, Ro = Resistance at room
temperature. Fig. 4 reveals the plot of log Rc vs. 1/T of CdS thick films. By employing Arrhenius equatio
(Eq.2) the activation energy was estimated. The activation energy for CdS thick films was found to
0.14580 eV and 0.10679 eV at higher and lower temperature regions respectively.
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Figure 4: Arrhenius plot of log Rc vs. 1/T of CdS thick films

The Temperature Coefficient of Resistance (TCR) of thick films is indeed important for gas sensin
applications. TCR is a measure of how much a material's electrical resistance changes with a change
temperature [15, 21]. In the context of gas sensing, it plays a significant role in determining the performan
and reliability of the gas sensor. The TCR of the thick film material influences the sensitivity of the ga
sensor. As the temperature of the thick film changes, its resistance also varies, which in turn affects 1
electrical signal generated by the sensor. A higher TCR can lead to a more significant change in resista
with temperature, potentially increasing the sensitivity of the gas sensor towards the target gas. The TCF
films was estimated using Eq. 3 and it was found to be -0.00233 /°C.

TCR= 1(ARJ rc 3)
R (AT

Where, AR = change in resistanc€l = temperature difference betweerafid & and R = Resistance of the
film sample at room temperature.
Gas sensor sensitivity refers to the ability of a gas sensor to detect and respond to changes in
concentration of a particular gas. It is affected by factors such as relative humidity, temperature, respor
time, and time of exposure to the gas. The sensitivity of the films was estimated using Eq. 4. sensitiv
(S%) is defined as ratio of change in resistance in air to the change in resistance in presence of gas
reducing gases and for oxidizing ratio of change in resistance in air to the change in resistance in prese
of gas [15, 16].

Sensitivity (%) =Ra/Rg or Rg/Ra x 100 4
Where, Ra stands for the resistance of gas sensors in the reference gas (usually the air) and Rg stands ft
resistance in the reference gas containing target gases.
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Gas sensors can have different levels of sensitivity depending on the type of sensor and the gas be
detected [19]. Fig. 5 reveals the sensitivity versus temperature plot of CdS thick films. From Fig. 5, the C¢
thick films shows more sensitivity to NQ@as compare to other selected. The maximum sensitivity was
found to be 73.68% at operating temperature 120 °C and the gas concentration was 1000 ppm. The ¢
thick film sensors work by detecting the presence and concentration of various gases in the air usi
physical or chemical reactions to convert the concentration of gases into electrical signals [18, 21]. The ¢
molecules react with the sensing material in the sensor, causing a change in its electrical conductivity
potential, which is then measured and converted into a signal [19, 20].
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Figure 5: Sensitivity versus temperature plot of CdS thick films

Selectivity in gas sensors refers to the ability of a sensor to specifically recognize and respsinglto a
target gas species without significant responses to other interfering substances present in the environn
[21, 21]. Enhancing selectivity is essential for accurate measurements and reliable operation of gas sens

especially in complex atmospheres containing multiple gases. Fig. 6 shows the selectivity plot of CdS thi
films to selected gases.
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Figure 6. Selectivity graph of CdS thick films
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The response time of a gas sensor is the time it takes for the sensor to register a change in
presence of a gas, typically from 10% to 90% of the overall signal change. It is an impodardgtpaas it
determines how quickly the sensor can detect the presence of a gas. The recovery time, on the other har
the time it takes for the sensor to return to its initial state after being exposed to a gas. This is crucial
ensuring that the sensor is ready to detect a new gas concentration [19, 20]. Both response and reco
times are essential for the effective operation of gas sensors, with faster times being generally m
desirable. The response and recovery times can be influenced by various factors such as the sensor mat
temperature, and experimental setup [20, 21]. Fig. 7 display the response and recovery time plot of C

thick films to NQ gas. The response and recovery time was found to be 12 and 65 seconds respectively
the CdS films.
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Figure 7: Response and recovdrne plot of CdS thick films to N@gas

The Gas sensing mechanism of CdS thick flelSO- gas involved chemosensor principle [21]. Wh&D.
molecules adsorb onto the CdS surface, capturing free electrons from the conduction bard {GB)
adsorbs onto the CdS surface, the number of free electrons in the CB decreases, leading toeamincrea:
resistance and change in resistance is recorded as sensitivity or gas response of the film [22, 23].

Conclusions and future scope:

The thick film gas sensing applications span across various industries and sectors, playing a vi
role in maintaining environmental quality, ensuring industrial and domestic safety, optimizing processe
and improving overall efficiency. The versatility and cost-effectiveness of thick film gas sensors make the
an indispensable tool for gas detection and monitoring. The CdS thick films were successfully prepared
glass substrate by using screen-printing technique. Prepared films shows semiconducting nature w

negative TCR. Films shows maximum sensitivity toNfas at operating temperature 120 °C. Prepared
films could be used of the fabrication of N@as sensor.
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ABSTRACT. A statistical convergence was introduced in connection with prob-
lems of series of functions. The concept of statistical convergence is directly
connected to convergence of such statistical characteristics as the mean and
standard deviation.In this paper we introduce a uniform statistical convergence
for series of real valued functions. Also examine the validity of some theorems
on Uniform convergence of series of real valued functions and uniform statis-
tical convergence of series of real valued functions.

Keywords: Series of functions, Uniform Convergence,Statistical Convergence,
Uniform Statistical Convergence.

1. INTRODUCTION

The idea of statistical convergence was given by [1], Fast [2] and Steinhaus [3] and
also by Zygmund [4] in his monograph published in Warsaw in 1935. Later on, under
the different names statistical convergence has been applied in the theory of Fourier
analysis, ergodic theory, number theory [4], measure theory [5], trigonometric series
[[4],[6]] and Banach space [7]. Tripathy [8] introduce a notation of convergence of
series extended and statistically convergence series. Also in [9] the concept of a
uniform statistical Cauchy sequence for functional sequences and proved that it is
equivalent to uniform statistical convergence of sequence of functions. Ahire [10]
discuss on statistical and uniform statistical convergence of sequences of functions.
Salat [11] investigated sequence space point of view and linked with summability
theory . Some results in Goldberg [12] helps to prove new results. [13] focused on
integrability of functions and related summability. The statistical convergence of
the partial sums of the series was introduced by [14]. Dindos and et. al. [15] noticed
on infinite series in linear normed space. Cinar [16]studied on uniform statistical
convergence. In [17] Gokhan et.al. discussed equivalences of pointwise statistically
convergent and statistically Cauchy of the sequence of functions on a set.
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2. PRELIMINARIES

In this section,we recall the definitions that will be needed in this paper.

2.1. Definition. A subset A of the ordered set N of natural numbers is said to
have density d(A). If lim V:l”l = A, where, A(n) =k <n:ke€ Aand| A | denotes
n— oo
the cardinality of the set A C V.
Clearly finite subset of N have zero density and d(A’) = 1 —d(A) where d(A4’) =

N — A. If a property P(k) holds for all £k € A with d(A) = 1. We say that P holds
for almost all k, i.e. a.a.k.

2.2. Definition. A sequence of functions {fy} is statistically convergent to f on
a set M of real numbersIf for every ¢ > 0 lim 1[{k < n | fu(z) — f(z) [>
n—oo

g, for every x € M}] =0,
ie. forall x € M, | fu(z) — f(z) |< &,a.a.k. (2.1)

In this case, we write st — lim fx(x) = f(z) uniformly on M. Or
fir 5 f.

2.3. Definition. If uj,ug, ... are real valued functions on a set M of real numbers.
e}
The Y wu, statistically converges to f on M , if the sequence of functions {s,}> ;

n=1
statistically converges to f on M where s, = u1 +us + -+ + Up.

&)
We write as > u, = f statistically, (z € M).

n=1
o0 o0
Example 1: For u,(z) = 2", (-1 < < 1) then > u,(x) = Y z™ statistically
n=1 n=1
converges to f(z) = -, (-1 <z < 1).
2.4. Definition. If uj,us, ... are real valued functions on a set M of real numbers.
[e.e]

We say that > w, converges uniformly to f on M , if {s,}22,; where s, = uy +
n=1
ug + - - - + u, converges uniformly to f on M.

o0
In this case we write Y w, = f uniformly, (z € M).
n=1

2.5. Defiinition. If ui,us,... are real valued functions on a set M of real numbers.
[ee]

We say that > w, uniform statistically convergent to f on M , if {s,,}22; uniform
n=1
statistically convergent to f on M, where s, = uy +ug + -+ + Uy, .

o0
In this case we write Y w, = f uniform statistically , (x € M).
n=1

Lemma 2.1. (Theorem 3.1[10]) Let {fi} be a sequence of real valued functions
defined on a metric space M which is uniformly statistically convergent to function
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f on M. If each fi,(k € I) is continuous at a € M. Then f is also continuous
at a.

Lemma 2.2. (Theorem 2.2[17]) Let {fi} be a sequence of functions defined on a
set S. The following statements are equivalent.

i) {fr} is a pointwise statistically convergent sequence on S.
il) {fx} is a statistically Cauchy sequence on S.

Lemma 2.3. (Theorm 3.2 [9]) Let {fi} be a sequence of functions defined on a set
S. The following statements are equivalent.

i) {fx} is a uniformly statistically convergent sequence on S.

il) {fx}is a uniformly statistically Cauchy sequence on S.

3. SOME RESULTS

Theorem 3.1. Let {fi} be a sequence of continuous real valued functions defined
on a compact on a metric space M such that

If {fr} statistically converges to f on M to the continuous function f then {f}
uniformly statistically converges to f on M.

Proof: For each n € I. Let gy = f — fr. Then from (2.1).

G01(2) > 92(2) >+ > gelw) > - > 0., (z € M), (3.2)
Since {fi} statistically converges to f on M.
. lim gg(z) =0, (z € M). (3.3)
k—o0

Hence {gi} is statistically converges on M.
By lemma (2.2, 2.3) {gx} is uniformly statistical converges to 0 on M.
Hence {fi} uniformly statistically converges to f on M.

Theorem 3.2. Let uy,us,... be real valued functions on a metric space M. If
[ee]
> uy, uniformly statistical converges to f on M, and if each u, is continuous at

n=1
the point a € M , then f is also continuous at a.

Proof: The Z u,, uniformly statistical converges to f on M, hence the sequence

of functions {Sn}n ; uniformly statistical converges to f on M, where s,, = u; +
ug + -+ + u,. Now each wj is continuous at a point a € M, then each s, is
continuous at a € M.

Hence 4y + uz + ... is continuous at the point @ € M. Then by lemma (2.1), f
is continuous at a.

o0
Example 2: The series Y (1 — x)™ converges on [0,1] to the function f where

£(0) =0 and f(z) =1,(0 <z < 1).
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o) o0 1
If0<z<1,th 1—a)" = 1—2)"x|——| = 1.
x en . x(1—=x) acnz::l( x) x[l—(l—x)]

n=1

Now , if u,(z) = (1 — 2)™; (0 < & < 1) is continuous on [0, 1].

Since f is not continuous on [0, 1].

oo}
The > x(1 — )™ does not uniformly statistically convergent on [0, 1].

n=1
o0
Theorem 3.3. Let Y up be a series of real-valued functions on a metric space
k=1

[e.e]
M. If there exists positive numbers My, M, ..., with Y, M < oo such that
k=1

[e.e] [ee]
up(z) < Y. Mp(x), © € M then Y i uniformly statistically convergent on
1 k=1 k=1

118

k

=

n n
Proof: Let, s, = > up and t, = Y, M.
k=1 k=1

OO
Since > M < oo.
k=1

= lim L[{k <n:|ty(z)—t(x)|>¢, for every z € M}] =0.
n—oo
Hence the sequence {t,}°2  is statistically convergent on M.
Hence by lemma (2.2) {t,}52, is statistically cauchy sequence.
Thus for given € > 0 there exists N > N; such that
lim L [{k <n:ltn(z)—tu(z)|> ¢, for every x € M,m,n > N}| =0.

n—oo
Now
[sm(@) —sn(@) [= | D w(@)| < D |u@)] < > My
k=n-+1 k=n+1 k=n-+1
=ty — tn, (z € M). (3.4)

Then by (34),11520%[% < n i spm(x) — su(x) |> €, for every x € M,m,n >
N} =o.

i.e.sequence {s,}22 ; is uniformly statistically convergent on M.

By lemma (2.3) {s,}52; is uniformly statistically cauchy sequence on M.

Hence {s,}5°; is uniformly statistically convergent sequence on M.

oo
This means that > wuy is uniformly statistically convergent on M.

k=1
X sinnx x 1
Example 3: For a real number z the series ) —— < > —.
k=1 T k=17

x 1
But > — Is uniformly statistically convergent.
k=17
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X sinnx
Hence 3 Is uniformly statistically convergent.
k=1 T
Theorem 3.4.
o0
If the power sem'esz apx® statistically converges for © = xg
k=1
(3.5)
oo
then S apx® uniformly statistically convergent on [—x1,x1] where x1 is any number
k=1

such that 0 < z1 <| xo |.

o0 o0
Proof: The Y aja® statistically convergent for x = o then | Y apz* | statis-
k=1 k=1
tically convergent for any z with | z |< 0.

o0
In particular , if 0 < x1 <| zo | then | Y apa® | statistically convergent for
k=1
T = T,

[ee]
e | Y apah |< oo
k=1

oo o0
Since Y arp® < X |an |2V (|2 |< ).
k=1 k=0

By theorem (3.3) the series (3.5) uniformly statistically convergent for | z |< ;.
k

X T
Example 4: The series »_ = statistically converges for —1 < x < 1.
k=1
so gk
By theorem (3.4) > — uniform statistically converges for —a < z < a,
k=1

where any number a such that 0 < a < 1.

xkfl

o0
But series >

W does not uniform statistically converges on (—oo, 00).
k=0 (F — 1)

o0
Theorem 3.5. Let Y uy be a series of continuous nonnegative real valued func-
k=1

oo
tions on a compact metric space M. If > uy statistically converges on M to the
k=1

o0
continuous function f then Y wuy uniformly statistically converges to f on M.
k=1

Proof: Forne I. s, =us +ug + -+ + u,. Since each ug(z) > 0 for all z € M.
We have s1(z) < so(x) < sz(x) < -+ <sp(x) < ...,z € M.

By theorem (3.1) lim s, = f(z),z € M.
n—oo
Hence the sequence {s,} uniformly statistically converges to f on M.

[ee]
Therefore Y uy uniformly statistically converges to f on M.
k=1
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2

Example 5: The series > n

P [ — is non uniformly statistical convergent in

0,1].
TLQJ:
Let, Up = m x € [0, 1]
lim u,(z) =u(x)=0, =x€l0,1].
n—oo
n’| x|

o un(z) —u(z) |= < e. (3.6)

T 14 nt 422

1 1
If x = —, put ¢ = — then equation (3.6) does not holds.
n n

2

LK n°r
Hence the series

PO e w is non uniformly statistical convergent in [0, 1].
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- MNEP-2ZO0Z0 : Role of HQAC in the Implemeéntation in
Higher Educational Institutes in India

Drr. Devrnm G, Jadhay
Assistant Professor, PO Depl. of Botany,
MOV s, Maharaja Soyapmo Gaikwiad College, Malegaon Camp, Ehist: Nashsk, (M5} Indan
Abstract:
In dmda, the Natuooo! Edvcaron Policy 2020 (NEP 2020 was meverled e July 2021 The
Indima ediroetion wesiem des aod weer swch iy chonges in e previous 34 years As o rennlt, 66y
a kxmric moment for all of fndie oed ey the poiensial o spark @ ok -needed refarmaoian
movemens Numercur modificoiions have heen swggested jor the primory, secoadary, college.
and miversity education sysfems o afl levely. The NAAC is crucial in bhe svalusion and
accrediamiion of mrbntrion of bigker feormng. &t alvo direces JOACy fovwonds advarcemernt,
A woark at the institutionn! deved fo ewaee that policy i implemenied correcily. Ty artacle
explares how MIAC might pesinvely condrbade o the effeciive implememinian of NEP 2020 in
Indimn MEI.
Kiey words: 1PAC, HED's, Implementaton, MEPF ZIED
Imtrodweton:

The Mational Assessment and Accreditaton Council {MAAC) an orgamisabion creobed
n 1994 by ihe Govermment of India by an Act of Parlizment o ensure quality o ihe notion's
higher education sector, the idea of an imermal guality assamoce cell (IQAC) was introduced
Tha prmary goal of ERAC in higher edocation inshiumisxms &5 to guaraniee excellence aced
quality for 2ll siake holders mvolved m Asseszment and Accredsiation process. i 15 a reguaned
cell that servies as @ conduil between HEL mamagemend 2nd stakeholders iovolved in accordance
with the NAACS guidehines, it aims to make quakity the defining clement of higher edocation m
Indan ihroagh o combmation of s=]f and extemnal guinlity evoluation, promotion, and suslenance
naiiab vies,

Presenily IQAC 1= mandatory for every Hagher Educastzon Institution {HET) afier the first
cycle of assessmenl uod accreditation ax ==t by the MAAC and UGC, It = a fact thal wabout
MNAAC pessment and scoreditatson o HED 15 funded by the Govermmend ol India. HEls ore
heing funded by the Bashinyn Lichchhatar Shiksha Abbiyzem (RUSA) of ibe Governmend on
ihe basis of the MAAC scoreditation. The introduction of MEP 2020 by the government of Indin
an July 202§ has brooght bopes of new changes 1o the field of education system particolardy in
ihe field of higher edocation. The mile of AT s very sgnificant m implemeniston of NEP
2024 in HEIs in India. The presend article {oouses an understanding of ihe essence of MEF H3H)
and ibe role of KPACs in the HEx of Indin
MEF ZiZ:

The NEP 203 15 the resalt of many cooversssoms. debates, and feedback: om several
stakehalders froms all over the nation. NEP aims o transform India mec Bhame, o deparfure
from Macaulyy. Bharat-canlered eduwcation wouald seek sohetions 1o the cument issies. o ibe
educational system. It focuses on holistic, practical education ik combines modemism with
our ancienl Indian keowledoe systermn. The fusion of herdage and modermaty is= flawless. Indin
has ibree national education policies, mevertheless. The govemmem of Mrs, Indwa Gandhi
created the ficet MNational Educaison Pobicy im 1968, The second, adopied m 1986 when Mr
Rajiv Gandhr was the country's promee mumisier. In 992, the sdmimstration of Promee Minster
Mamszimha Bao changed the same. The mosi recent edocation policy was developed by the Sn
Marenda Modi's sdminstreimn and spproved by the parliament on Ruly 29, 24024,
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Cansequenily, 11 became known as NEPF 2020, It 15 the Indsn-centered educabion sysiem thai
direcily helps b0 changing our country sustssnahbly indo oo equitablbe and tbriviog koowledge
socicty, by offening kigh quality edwcatson v all. WEF 2020 secks o foster mdependeni
individmals, As = resalt, life skills are taught starting a1 the promary level. Wath the nubional skill
curriculum framewnrk starting al I standard education, several adpustmenis ane suggested for
seopndery educobion

The key poants of higher education that wall bnng it up 1o line with nlemabonal
slanidards are as follows.

MAAL Accreditation amd Assessment Sy slem:

Using the seven major fields of higher eduweation as o fousdation. the Makonal
Assessmend and Accredilation Council has crested o umaque - evalustion methodology. In
addition o gathenng quanbintive data shout the instibution, lhere ore seven other cribena
Alihough the general lesting is ibe s2me, templaies for colleges and mstitwiions change as well,
It &5 the resporsihility of BJAC in HED 1o provide the dats and keep the reconds: requared Tar
cvaluation. These are the =even crifena: Cnterion 1. Cursoubar Aspects, Cotenon 2. Teaching.
Learming amd Evalustoon, Crndenom 3. Research, Immovations and Extension. Cntenon 4.
Infrastriscture ond Leaming Resouroes, Criterson 5. Student Support and Progressson, Criterion
fi. Governance, Leadershep and Managemen! ond Crlenon 7. Inststuisonal Voloes and Best
Practices, MAAL has developed standard system of assessment of HES in lndss, the education
sysiem was nod fully compatible with perameters required for awes=ment and asccreditation. B
was difficuli for I1QAC o answer the questions which are mot practiced in the mstiobons. Bl
MEPF 2020 has given opporhmilses to miroduce requined . courses and plaoning 1o make the
mshitution siudenl fendly.

Faollowing points empower 1JACs 1o bong about qualsintive changes in the HEls with the
support of WEF 2020 policy. By implementmg this policy in all over ihe India, what kind of
mpuds comes oul are disonssed m this erticle.

Carriculur Aspects.

MEP 2020 penmuiis HEls to offer a broad-hased, comprehenstve cumiculum. It broadly
discusses edocatzon that 15 focused on need of lecality. The policy places a strong emphasis on
Imifaan Koowledge Systemn. Foar-year honours degrees in traditional ficlds of study mciuding
BA, BCam., BSc, BHA , BV A eic. hove been reansinfed. For those who choose o
zhandon the course m the muddle, there will be a vanety of access ond depariure points. The
Academic Bank of Credits will mansfer ther cradits. This pobcy responds to the NAAC isues
regording homzoniz] ond vertical mobelity. Studenis ore free 1o swilch between ficlds and
resumne shudses they had previcusly stopped. Universiies now hmve the asthonty to modify
rules to conform o NEP 2000 requirements. A mechanism called Acodermic Bank Credits
{ABC] 15 sucoesslully launched, The student has the optson of nking both online and tradatsoanl
caurses, nnd they can combine thewr qualified credits with other types of programmes.
Teaching. Learming and Evalonison:

MWEP 2020 mentions cufing-cdge mstructionsl methods, Life learming and the mse of
canfemporary fechnology have boen emphasiseill Throagh NEF 2020, experiental leaming s
encournged. For implementation of WEP 2020, Apps, online courses and modules, satelhite TV
channels, onlme publicatioms, ICT-gquipped libranes and Adullt Education Centres will be
developed. The system of formative and summative evaluaison has been modified. Techoology
usz hns been encoursged af all educational levels by WEF 3. Edocation planning,
instruction, evaluabon. leacher, schood, snd Sudent tmimng will ol mclode techoology.
Regional langunge c-content will be made nvailsble, siring with & major ones. F3AC can
muake 5t ezsier io use resoarces ihad are available in vanows languages.
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Hosoarch, Inmovoltisn aned Exionssn:

HEP XX placed o strong emphasis on the necessily for research st all levels of
eduwration. Both student and teacher research are encouraged by developing B&D research ored
develepment centres. For the first timee, the policy places a strong emphasis on student research.
The fourth-year courses for the four-year booours programmes inclisde research componenis.
Diszerintions ond rescarch technigue hove beon introdwced. Under thas programne, students
whao have completed thesr desseriation in the fourth vear =re sligible to apply for admassion o
thee Ph.D). course. This will promsote college-level research. College-level rexeasch cenmtres can
be sirenpthenod throogh 1QAC. Collepe professors are being given the responsihility of pading
Ph.D. siudenis. Extensson activilies are naturally encovraged doe to 5kl Enhancement Courses
and Imtermships. Al the collegiate level, B)AC can have o significant impact on how these new
mules are pudl o prachise.

Infrestructure and Lenrning Resources:

The msisios’s mfmastrociore is crucial bo the mplomentstson of any  palcy.
Mubtidesciplimary courses call for extra classrooms ond lshorstonies, which NEP 2000 strategy
supports. Even those shudying the arls can chouse an open elective in a scientific or enzineoring
ficld. There is a sigmifscant milk of students from many sreams. Instifutions mist establish
physical infmernectiare o handle new changes. HJAC play sigmifscant role in developing the
mifrestmcture needed for the college’s lcaching. learmang, and resesrch activities. The ssue for
instifutions % lo updote the hbraries with fresh lenming resources, in particular, The icsEution
mas be assisted by DAC iIn modemising the required focilitics and mstruchonal matermsls.
Stmdent Sopport and Progressinm:

The tools offercd 1o enbance therr study snd career preparabion are pari of the siodem
suppurt and advencement in HEls. 3ET* 2020 offers educatson tha is skill-based. For improved
education, it is essentiad o incorperate all the necessary abidlibes. Spons, cultural, MSS, NOC,
yoga, ¥ RO, and other extracurmscular sctivities are taken mio acoount for credst under the new
system. It = the chity of FQAC o maise swareness and see thai tbe conrses are omplemented
oarrect]y.

Gavernmamce. Leadership, and Monagement:

Apoording o the drmught paper, there will be sigmificant chanrges to the governance,
leadership. and mamagemsent structure. The emphasis has been on institubional sulonomy ko
improve qualiiy and excellence. En the phase-wize tmee, all HEL: will be self-sufficien. Since
universities from around ike world can compete with Inds=m universities, there would be a Lot of
compelition. i is pessible for foreign aniversities bo esiablish ihe comguses m India, The idea s
far CET io be used for HEI admessions. The Mational Testmg Agency (NTA) will conduct the
universal entrance exam for 2ll higher education msbmizons. For some progrmmmes, the exam
will, bowever, be optional. The NEP 2020 plan places a stroony cmphess oo providing bigh-
quality higher edocsison thot is ioclusive and equitshle and fosters irmils like poodness,
oroativily, and bumanity. The worldviews and valuez of bolh the tradsional and modem eras
musl be takem mio socouni. Large mulisdsciplimery colleges and  vmiverssbies are being
estahlished, and there is a focus on mulhdisciplmary education.

Institoifons] Vildoes and Best Fracteces:

Ume of the onborin wied fo determine the kevel of a1 HEs quality is its sstilsisonal
values and besi prachises. I exmmines mstswisonal ideals related o melusivity and gender
laimess. Programmes 2nd proctises that are Inendly 1o the envirooment ane laken mio accoant.
The ideal procedure must be distinct and helpful o ibe commumity. Mooy of these chances for
practiss are provided by NEP 2020 policy, and PJAC has o bigger rode o play moidentifving the
Finesi best prachises,
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Conclasion:

When all the stake bholdes melated to HE's are actovely myvolved and cominbuaie

pesitively, the policy is successfully executed. The creatson of palicies 1= done with the best of
mdentioms. NEP offers mumerous sach ground-bresking sdjustments o the bigher education
seclor. 'When all HELs fully comprebhend the policy, sl will be more effectively applsed = the
local level 1AL is ihe best coonfinating cell in any HE! for improving polbicy understanding.
As 8 result, the 1JAC's commshuison to the implemeniation of NEP 2020 ot higher education
instikitions 15 vory mach crucizl,

Helferemces:

I

™

i

MEP 2020 drafl gusdelines Dafl NEP 2009 EN  Revised pdl {educatson. pov_im)
MAAC OAC  pudelimes @ hiipdVmesc govin'mdex php'en'2 -uncateporised G-
sudelines

D Giuranath K Badiger and Dr. Uma B Pugar, “Rode of J0AC in faplemertaion of NEP
M i MHER v fedic”, Inlematiomz] Jowrmal of Cressve Bessarch Thoughts
{BCET)LYolame L1, Issue [, 2023, b 989991,

5. Sharma and Shyam Singh Inda “Acweorment and dccredttation of Indtme Higher
Educarion drstitutions in Light of New Education Policy 330", Policy Paper, Vaol. XIV.
Mol M2 pp 1252129

Dr. Mesha Jam, Dr. Renw Jain and Dy, Pmtivindbhya Saint, “Anehse of NEP 2020 o g
Light of NAAC Accreditation: An Anaivtical Sowdy of Acodemicians Cfpimion”,
Intermnational Jourmal for Research m Applied Science & Enginecring Technology
{URASET), YVaolume 10, bsue X101, 2027 pp 799-802,
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Nasik District (M.S.) India.

Dilip Ahire
P.G. Department of Botany, M.S.G. College Malegaon Camp, Nasik.

ABSTRACT

Present paper deals with report 22 medicinal plants collected from different localities of Nasik distric
A portion of them have gained naturalization and are now a part of our native plants. Since ancient tim
Vaidyas and tribal people have prepared primitive medications using various plant parts. The current stt

aims to list the medicinal plants that tribal people employ and their respective medical applications.
Key words: Medicinal plants, family Asteraceae, Nashik
INTRODUCTION

The Nasik district ®Maharashtra is located between latitudes 19°35” and 20°50” and longitude 73°55°
and extended an over an area of 15.582 sqltkimfinite on the north-west by the Dang and Surat district of
Guijarat, on the north by Dhulia district, and on the east by Jalgaon district and towards the south-west
Thane district.

Medicinal plants found in Nasik region of Maharashtra are naturalized in some parts of forest alor
roadsides, dams , canals under , on hedges of fields and they are dominating to the native vegetation. Dt
exploration tour in forest found that the tribal communities and villagers are regularly using some plants f
the purpose of medicine and so we have collected medicinal pAdiatgie a part of population is dominated
by the social group inhabitants like Varlis, Mahadev Kolis, Konkanas, Bhila, Mali etc. The tribal and loce
communities cure their ailments by easy remedi#isnobotanical work of this region is carried out by Jain
(1991), Ghate (1998),Ghate and Vartak (1996) ),Jain S.K (1981) and Bhattacharjee (2008).
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MATERIAL AND METHODS

Present studies was carried out in Nasik district in the year 2011-2012.for the study of medicinal plar
of Nasik region. The ethnobotanical data was collected through interviews, discussions with them collect
the data on medicinal uses also the literature available on same plants. The medicinal plants identified by u:
flora like, Flora of (Almeida 1990), Naik (1999), Lakshminarsimhan & Sharma (1991), Shah (1978),Sharrr

et al (1996). All these plants are enumerated ( 22 plants) in the following ways.

Ageratum conyzoidesL.
Local Name : ‘Boradu’.
Herbs, erect, annual hairy, 30 cm high. Leaves ovate, less or more hairy on both sides, apex subacute. H
small white or pale blue, in dense terminal, corymbs, pappus paleaceous awned or aristate little longer t
achenes, pappus scales 5, aristate. Achenes sharpely 5-angled, black, sparsely spiculate on agnles.
Fl. & Fr.: July-February.
Medicinal uses :
Leaves are antiseptic, used for wounds, cuts. Cancer, leprosy, boils, burns and skin diseases. Roots are
for the treatment of kidney stones. Entire plant is used for uterine disorders, piles, ring-worm, tumwe
diarrhoea, scabies, sores, tumour, colic, head-ache and muscular pains. Plant is used for snake poison.
Blumea lacera(Burm. f.) DC.
Local Name : ‘Borandu’.
Herbs, 25-80 cm high, erect, aromatic, stem grooved, glandular pubescent. Leaves obovate-oblong, inc
or some time lyrately lobed. Achenes oblong, sparsely hairy.
Fl. & Fr.: October-May.
Medicinal uses :
Leaf juice is anthelmintic, used for threadrms. Leaf paste is applied on burns, wounds, cuts, piles and
urine complaints. Root juice is used as astringent and febrifuge. Root juice is used for diarrhoea.
Blumea malcolmii Hook.f.
Local Name : ‘Tantani’.
Herbs 1 m high, decumbent strongly aromatic. Leaves obovate, sessile. Achene dark brown spars
pubescent.
Fl. & Fr.: October-January.
Medicinal uses :
Leaf juice is used for eye disease.
Chrysanthemum indicum Linn.
Local Name : ‘Sevanti’.
Herbs ,perennial, stem erect. Head yellow.
Fl. & Fr.: August- October.
Medicinal uses :

The decoction of whole plant used for bronchitis, whooping cough, boils, swelling and rheumatism.

IJRAR24A2667 ‘ International Journal of Research and Analytical Reviews (IJRAR) ‘ 168



© 2024 IJRAR March 2024, Volume 11, Issue 1 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)
Cichorium intybus L .

Local Name : ‘Kasai’.

Herbs, erect, appressed hairy with thick taproot. Lower leaves short petioled, lyrate-pinnatifid,oblong, act
at apex, upper ones sagittate with rounded dentate margins. Head solitary or clustered, florets blue or |
corollas. Achenes 5-angular. Pappus scales short.

Fl. & Fr.: October- March

Medicinal uses :

Leaf paste is applied to treat wounds and cuts.Root decoction is used for stomach pain, rheumatic,c
problem and jaundice .

, Echinops echinatusRoxb.

Local Name : ‘Udkata’ ‘Utkatkar’.

Annual, herbs, 30-90 cm high. Leaves sessile, oblong, deeply pinnatifid, glabrous or minutely pubesce
Heads white, Pappus short, yellow, forming short cylindric brush above achenes. Achenes obconic.

Fl. & Fr.: September-January.

Medicinal uses :

Entire plant is considered as bitter tonic and diuretic. Plant is used to treat malaria and fever. Roots are
for bone-ache, skin diseases and chewed on urinal complaints.

Eclipta prostrata L.

Local Name : ‘Maka’.

Herbs, annual, prostrate or erect. Leaves sessile, oblong-lanceolate or oblong-elliptic, sparsely strigose
both surfaces. Heads solitary or 2 together on unequal axillary peduncles yellow. Achenes oblong-obov
tubercled all over, trigonous, brown to black.

Fl. & Fr.: July-February.
Medicinal uses :

Leaf juice is used for tonic, juice is considered as antiseptic, used on carbuncle, fever, gastiita,
complaint, cure skin diseases, promotes hair growth, sores and swelling of ears. Root decoction is use
emetic and purgative. Root paste is applied to treat ulcers and wounds. Entire plant is used for bronch
asthma, jaundice, liver complaint, leucoderma, toothache, hepatic diseases, ulcers and wounds.
Elephantopus scabrd..

Local Name :

Annual, herbs, 20-30 cm high, erect, softly pubescenet. Leaves mostly radical, obovate-oblong, few cauli
Heads arranged in terminal dichotomous cymes, flowers bluish. Pappus 5, paleaceous, scaly produced in
fine aristae. Achenes oblong, ribbed, tapering at base, hairy in between ribs.

Fl. & Fr.: August-January.

Medicinal uses :

Leaf juice is applied to wounds and heal fresh cuts. Leaves are also eczema and ulcers. Déooaotimn

used for dysentery, vomiting and stomach. Root paste is also used for painful urination.
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Emilia sonchifolia (L.) DC.

Local Name : ‘Dhamapan’.

Herbs, erect. Leaves variable, lower with petioles, lyrate-pinnatifid, cauline. Heads in terminal lax corymbo.
panicles, with purplish flowers. Pappus copious white. Achenes narrow 5-ribbed, brown, scabrid on ribs.
Fl. & Fr.: August-December.

Medicinal uses :

Leaf juice is used on sore eye, night blindness and ears. Leaves are used for boils, bruises. Redtfoa
diarrhoea, cuts and wounds.

Guizotia abyssinica (L.f.) Cass

Local Name : ‘Khursani’

Herbs, stout, erect 30 -100 cm high. Leaves lanceolate, apex acute, base cordate sparseholtfasides.
Heads solitary on axillary peduncles. Achenes black 4 -angled oblong.

Fl. & Fr.: September- October

Medicinal uses:

Seeds are used in the treatment of rheumatism, cough and burn.

Helianthus annuus Linn.

Local Name : ‘Suryaphool’.

Erect, woody annuals,1-3 m high, stem hispid, branched. Lower leaves opposite, upper alternate ovate, a
apex. Heads solitary, terminal on short peduncles. Involucral bracts strongly ciliate, florets with ligulat
yellow corollas, central florets with tubular 5-fid, brownish-purple corollas. Achene black. SPappus of 2 sca
like awns.

Fl. & Fr.: September-December.

Medicinal uses:

Leaves are used for maerial fever.Roots are used for diarrhoea, dysentery and dysentery.

Lagascea mollis Cav.

Local Name : ‘Phulari’.

Herbs, annual, slender laxly branched, villous. Leaves ovate, apex acute, upper surfalyehzogrslower
surface densely silky. Heads clustered at the end of branches on long peduncles. Pappusfashaiateort
tuft. Achenes cuneate, enclosed within involucre.

Fl. & Fr.: July- October

Medicinal uses:

Leaf paste applied on cuts and wounds. Extract of flower heads is applied around eyes for conjunctivitis.
Parthenium hysterophous Linn.

Local Name : ‘Congress grass’.

Herbs, 30-60 cm high. Leaves appressed hairy. Heads 0.2 cm in diameter, peduncled, in panicles. Flov
white. Achenes compressed, triquetrous.

Fl. & Fr.: September-November
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Medicinal uses:

The flowers and seeds are used for leucoderma.lt is also useful to dysentery,malaria, diarrhoea and rheun
pain.

Sonchus oleraceus.

Local Name : ‘Mhatara’.

Fl. & Fr.: December-February

Herbs, annual, 90 cm high, erect. leaves sessile, oblong or obovate. Heads yellow in terminal umbell
cymes. Achenes ovoid.

Fl. & Fr.: September-may.

Medicinal uses :

Leaves are used for cuts and injuries. Roots and leaves are used in indigestion and as febrifuge. Sten
prescribed as sedative as tonic. An ointment made from decoction of root is used for wounds and ulcers.

Sphaeranthus indicusL.

Local Name : ‘Gorakhmun’, ‘Mudi’.

Herbs, highly branchedl spreading. Leaves obovate-oblong,| glandular-hairy narrow at baseomea
solitary glandulary peduncles. Achenes stalked.

Fl. & Fr.: November-may.

Medicinal uses :

Leaf paste is given to treat elephantiasis. Leaf decoction is used for leucorrhea. Platysezefor treat
gastric problems and liver. Whole plant paste is used for the small pox infected areas. Root decoction is u
for chest pain, bowel complaints and cough.

Spilanthus calvaDC
Local Name : ‘Akkalkara’.

Herbs, suberect. Leaves opposite ovate apex acute. Heads solitary, yellow brownish ovoid. Acher
compressed.

Fl. & Fr.: October-January.

Medicinal uses :

Leaves are used as anaesthetic, used in tooth-ache and scabies. Root is used as purgatisaideddts a
diarrhoea, cough and cold. Decoction of plant is given as diuretic, and employed as a bath for rheumati:
Flowers are chewed to relieve tooth-ache, throat and gums and paralysis of tongue. Ensre:ggdnn
dysentery.

Tagetes erectd.inn.

Local Name : ‘Zendu’.

Herbs 0.5-1.2 m high erect annual. Leaves opposite or upper alternate, pinnately divided in to lanceol:
Heads solitary. Marginal florets with yellow ligules, central florets with yellow, tubular corollas. Achenes
linear-oblong. Pappus scale united.

Fl. & Fr.: Throughout year.
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Medicinal uses :

Leaf juice is useful on ear-ache and leaves are also used on urine complaints, cuts and woundaré&lower:
used on ulcers.

Tridax procumbens L.

Local Name : ‘Dagadipala’.

Annual, herb, erect, branched at base. Leaves opposite, ovate-lanceolate, margins serragdytonciszd
dentate or trilobed. Heads hetrogamous, produced on erect, retrorsely hirsute and glandular pedunc
rayflorets yellow or white, disc floret bright yellow. Pappus of numerous aristate bristles. Achenes oblon
densely pilose, black.

Fl. & Fr.: Throughout the year.

Medicinal uses :

Leaves are antiseptic, used on boils, blisters, eczema, dysentery, diarrhoea, eye diseasestdepltosy, B
skin diseases sores, stomach-ache, tooth-ache, cuts and wounds. Roots are used for fever. Stem an
combination used for stone in urinary bladder.

Vicoa indica DC.
Local Name : ‘Bhangser’.\

Herbs, perennial, erect, 90 cm high. Leaves sessile, linear-lanceolate. Heads yellow slender feajpjnates.
of disc florets scanty.. Achene brown, sparsely hairy.

Fl. & Fr.: December-February
Medicinal uses :

Leaves and roots together are used on head-ache and stomach complaints.

Vernonia cinerea(L.) Less.
Local Name : ‘Sahadevi’.

Herbs, 30-50 cm high, erect. Leaves petaloid, broadly elliptic or lanceolate, pubescent on both surfaces, ob
or acute at apex. Heads terminal or axillary corymbose cyme pink. Outer pappus small, connate at base il
longer than achenes, plumose. Achenes oblong terete.

Fl. & Fr.: July-February.

Medicinal uses :

Leaf juice is used to treat elephantiasis. Leaf paste is applied to treat ring worm diseased on skin, ecze
herpes and to stop bleeding from cuts. Flowers are used for rheumatism and fever Root is used as anthelrr
and its decoction is used as to treat diarrhoea and stomachic.

Wedelia chinensis (Osbeck) Merr.
Local Name : ‘Bhanra.’

Herbs, procumbent.Leaves oblanceolate, shortly appressed hispid on both surfaces, acute at apex. H
yellow, solitary on terminal peduncles. Achenes rugulose, dark brown, achenes of ray florets triquetrous, d
florets compressed.

Fl. & Fr.: Throughout the year.
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Medicinal uses :

Leaf juice to given to treat jaundice, skin diseases, bile and liver problem. Decoction of plant is given to tre
menorrhagia and hemorrhage.

Xanthium indicum L

Local Name : ‘Shankeshvar’.

Annual, herbs, stem rough, short hairs. Leaves broadly ovate, triangular appressed hairy. Heads gree
terminal and axillary spikes. Fruits ellipsoid or oblong, pale yellow or dark brown. Achenes black.

Fl. & Fr.: January-May.

Medicinal uses :

Leaves are used on malaria, herpes, against ring worm. Roots are used for boils, abscesses and ulcers.
are bitter tonic and used for cancer and scrofula. Decoction of herbs is used in leucorrhea, urisas/ dises

and chronic malaria. Seed oil is used for rheumatism. Seeds are also used for cancer and eye diseases.

RESULTS AND DISCUSSION

Many of the rural and tribal people are using herbal medicine for their primary health cure. The informatic
collected indicates that in all 22 plants are traditionally utilized for treatment of various kinds of diseases su
as piles rheumatism dysentery etc. So the tribals can be used the traditional medicine and they are bene
Therefore there is an urgent need for ethnobotanist to direct their efforts immediately to gather informati

regarding medicine plants.
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Abstract:  In this present work 3 stands of about 33 quadrates randomly sampled to collect varied species from
Shendvad forest. Maturity index provides the information about the maturity of the forest community and species
dominant within the community. From the study it can be observed that the degree of maturity is less or high in
forest.
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1. INTRODUCTION:

Phytosociological studies deal with qualitative study of the structure of the vegetation with an emphasis on
quantitative relationship of few species which are to be dominant on the belief that these largely control the community
and there by occurrence of a large number of a rare species. As author aware, their detailed account on the
phytosociology of Chotadeupur forests, ( Shah, Yadav and Parabia, 1979): Pachamahalas ( Shah and Bhatt, 1980) Dangs
forests ( Yadav, 1979): From Maharashtra Talegaon ( Jadhav 2016), Sapgaon ( Jadhav 2018 ) Trymbakeshwar ( Jadhav,
2018 ) Saptashringi Forest ( Jadhav 2020) similar investigation is carried out in 3 stands of Shendvad forest with view
to study the maturity of the forest community, Species dominant within the community and the degree of maturity is
less or highest in forest.

2. MATURITY INDEX: As suggested by Pichi-Sermoli (1948), an index for the establishment of the maturity in plant
communities based on the frequency percent of all species in the stands of a community. The principle is the long-
accepted nation that higher the frequency percent of each species and smaller the number of sporadic species, the more
mature is the community. The index of maturity of each stand is compared with each other stands to establish the general
maturity of the community.

3. AREA OF STUDY: Pimpalner is a Village in Sakri Taluka in Dhule District of Maharashtra State, India. It belongs
to Khandesh and Northern Maharashtra region. It belongs to Nashik Division. It is located 80 KM towards west from
District headquarters Dhule. 13 KM from Sakri. Pimpalner Latitude is 20.92928 and Longitude is 73.99107. The
vegetation is dry deciduous or mixed type, sometime scrub forest is also observed. The vegetation is rich in the
localities like Saltek, Kalgaon , Sayane, Pimpalner, Kondaibari etc.

4. METHODOLOGY: Three stands’ area located randomly throughout the study area in the Shendvad forest.
Quadrates of 10 x 10 m were laid down in different directions in forest. So that quadrates represented almost all species
in the area. All together 33 plots (3300 Sq m.) are laid down. Frequency (%) was calculated by the formula given by
Raunkiaer (1934). Maturity index is based on the frequency percentage of all species in the stands of community. it is
obtained by number of species in the stand (Pichi- Sermoli, 1948).

5. OBSERVATION: Maturity index provides information about the maturity of the forest community. It also impresses
up on the dominance of specie within the community. From Table I, it can be seen that the stand No-3 showing maximum
maturity index where as other stands are within much less maturity index. This can be attributed due to the factors
operating upon the vegetation on some patches and stands which are showing highest maturity index are under the
control of forest department.

From fig. 1: showing the histogram of Maturity Index. It can be seen that highly matured vegetation is in
the stands of 2 and 3. The average Maturity Index (57.37) is higher.
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6. DISCUSSION AND CONCLUSION: The Maturity Index value at Shendvad forests shows that as a whole these
are of two types.

1. Still under the process of succession: At stand No.3 maturity values are 51.11 respectively.

2. Moderately mature: Stand No 3 shows the maturity index values is 60.5

Table 1. Showing the three (3) stands and Their Maturity Index with Average maturity Index of a whole
forest.

Localities Sr. No Maturity Index (M.I.)
Stand 1 1 51.11

Stand 2 2 56

Stand 3 3 60.5

Total 172.11

Average M. | 57.37
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ABSTRACT

The present review article deals with the distribution, morphology, habitat, ecology, threat, and conservation status of Ceropegia anjanerica
Malpure et al., in and around Nasik district. The genus Ceropegia L. belongs to the subfamily Asclepiadoideae (milk weeds) within the
family Apocynaceae. A total of 6 species and 2 varieties of this genus have been recorded in Nasik district viz., C. anjanerica Malpure;
Kamble and Yadav, C. bulbosa Roxb. var. bulbosa, C. bulbosa Roxb. var. lushii (Graham) Hook.f,, C. hirsuta Wight and Arn., C. lawii Hook.f,,
C. mahabalei Hemadri and Ansari, C. media (H. Huber) Ansari and C. vincifolia Hook. Of these species, C. anjanerica is the ‘endangered’
plant species endemic to Anjaneri hills of Nasik district part of the northern western Ghats. The plant body is erect herbaceous with
tuberous rootstock, tubers are generally 2-5 cm in diameter, globose or discoid with fibrous roots. Recent investigations show that this

species has been recorded from hill tops, plateaus, and adjacent village areas.
Keywords: Ceropegia anjanerica, occurrence, conservation, Anjaneri Plateau, Nasik.

International Journal of Plant and Environment (2023);

INTRODUCTION

eropegia L.is the genus consists of 244 species that have been

distributed in Africa and Madagascar which extends from the
east to Arabia, India and China, northern part of Australia up to
Canary Islands (Mabberley,1997; Bruyns, 2014). Studies revealed
three genera viz. Ceropegia, Brachystelma and Riocreuxia has
a generic complex that leads to many interesting taxonomic
problems at the generic and specific levels. (Botanical Survey
of India;2002).

Ceropegia is one of the genera belonging from subfamily
Asclepiadoideae (milkweeds) within family Apocynaceae. This
genus represents about 260 taxa worldwide (The plant list, 2013)
distributed around the Canary Islands, India, Madagascar, New
Guinea, northern Australia, South East Asia, tropical Arabica,
and Africa (Meve, 2002; 2017). In India, this genus represents
62 species of which 26 are found in Maharashtra (Karthikeyan
etal,, 2009; Kambale and Yadav, 2019; Murugesan et al., 2019).

In IUCN red data book this species has been assigned in the
endangered category under the criteria Blab(iii)+2ab(iii) ver.
3.1. (Pethe and Watve,2021). There are 6 species with 2 varieties
of Ceropegia recorded in Nashik district viz., Ceropegia bulbosa
Roxb. var. bulbosa, C. hirsuta Wight and Arn., C. lawii Hook f.,, C.
bulbosa Roxb. var. lushii (Graham) Hook.f.,, C. mahabalei Hemadri
and Ansari, C. media (H.Huber) Ansari, C. anjanerica Malpure et.al,
and C.vincifolia Hook (Lakshminarasimhan and Sharma, 1991). Out
of which C. anjanerica is the species that is endemic to Northern-
Western Ghat. Records on adjacent villages and hill tops of Anjaneri
plateau revealed the occurrence of this species in ‘Navardev’,
‘Kushegaon’ and Igatpuri tehsil of Nashik district (Auti et al.., 2019).

With the geographical location (19°55'11.14” N and
73°34'18.0"E), Anjaneri plateau is the basalt rocky, flat-topped
hill with the steep and cliff edges which is actually the group of 5
hills collectively known as “Tryambak range” from the Northern-
Western Ghats. C. anjanerica generally grows rocky areas at
an altitude of 700-1,100 meters (IUCN Assessment 2021, Pethe
and Watve, 2015). It has been reported little above the middle
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portion of Anjaneri plateau. (Auti et al., 2020). All species from
the series Attenuatae have a restricted distribution in Konkan
ranges, while C. anjanerica is the only species that grows at a
high altitude. Major threats to the species include degradation
of habitat, over-exploitation of tubers and various human
interferences. Apart from the unavailability of pollinators,
less seed formation and associated reproductive biological
barriers lead to the continuous decrease in the species’ natural
population. (Chavan et al.., 2018).

Systematic enumeration

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Gentianales
Family: Apocynaceae
Scientific Name: Ceropegia anjanerica Malpure, Kamble and
Yadav, 2006.
Common name: Anjaneri wax fountain (English); Lahani
Kharpudi (Marathi).
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Utility Of The Species

The species’ Tubers have traditionally eaten by tribals (IUCN
Assessment 2021, Pethe and Watve;2015). Many Ceropegia
species contain starch, sugars, gum, albuminoids, fats, crude
fibres. Species like C. bulbosa, C. hirsuta have been recognized
as edible tuberous plants. (Deshmukh and Rathod, 2013). Few
species have been described for their utility as food plant
for insects like butterflies. (Almeida; 1996). These valuable
constituents are importantin many Ayurvedic formulations that
are effective against the diseases like diarrhea and dysentery. The
major pharmacological importance of Ceropegia is due to the
presence of “Ceropegine” which is pyridine alkaloid (Sukumar
etal..,, 1995), thatis an analgesic drug can be used against ulcers
and inflammations (Adibatti et al.., 1991; Khare, 2007).

Morphology And Phenology

Ceropegia anjanerica also called as flytrap flower (Auti et al..,
2019) is a perennial erect herbaceous plant species and has a
few floral morphological similarities with attenuate; however,
it’s distinguishing features includes it’s shorter, obovate, flat
corolla lobes that make obovate head (IUCN Assessment 2021,
Pethe, and Watve;2015).

The plant attains vegetative growth in monsoon season
(July to August) before flowering in August and continues until
October. September to October is the peak flowering period
with moist, misty and sunny climates. Fruits mature in October-
November and then seed dispersal which occurs in the month
of November. In December month, the plant withers and all
mature tubers become dormant and undergo perennation. The
rootstock is tuberous and the size of the tubers varies from 2-5
cm which are discoidal or globose in shape with fibrous roots.
(IUCN Assessment 2015, Pethe and Watve;2015). Flowering and
fruiting season have been recorded from September to October
and the chromosome number of the species is 22 (2n) (Gosavi
etal.., 2012).

Habitat And Ecology

C.anjanericais an erect tuberous herbaceous with about 20 cm
in height. The species generally grows in well-aerated, shallow
and gravel soil. Sometimes found along with grasses and other
small herbaceous plant species. C. anjanericais generally found
growing well in lateritic soils with high elevated mountains as
compare to its other counterparts (Kambale and Yadav; 2019).
According to some reports this species is found growing in
soils with 2-12 cm depth along with some medicinal herbs like
Celosia argentea, Justicia betonica, Lepidagathis sp. and Senecio
dalzellii IUCN Assessment 2021, Pethe and Watve,2015). Also, the
species have been found growing at an altitude of 1300 meters
in well-drained soils with plant species viz. Cyanotis fasciculata
(B. Heyne ex Roth) Schult. f., Justicia procumbens L., Senecio
bombayensis Balakr. and Swertia minor (Maity et al., 2021). Some
recent reports and field explorations revealed the appearance
of C. anjanerica in localities viz. Bramhagiri and Bramha hills,
Vatwad hills, Harihar fort, etc. (Fig. 1). (Maity et al.., 2021).

Threat And Conservation Status

IUCN assigned C. anjanerica in Red data book as Critically
Endangered (CR B1ab (iii,v)+B2abl(iii)) (Pethe et al.., 2015). The
species was reported from the Anjaneri hills of Nasik district and
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Fig. 1: Distribution of C. anjanerica Malpure et al.: 1-Vatvad Hill |
2-Bhaskargad | 3-Harihar fort | 4-Bramha Hill | 5-Bramhagiri Hill |
6-Anjaneri Hill (Type locality) | 7-Kushegaon. (Maity et al. 2021).

about 100 individuals of species were reported in September
2005. Initially, this species was assigned threatened in Red data
book with threat status as “Critically endangered” and endemic
to Maharashtra (Mishra and Singh, 2001; Yadav et al., 2006; Yadav
and Kamble, 2008). The species has not been reported elsewhere
in Western Ghats since. The species was newly described that'’s
why there were very less or no reports have been found on
its occurrence after an extensive field exploration. The area of
occupancy was found to be below 10 sq. km. and hence the
species has been assigned Critically endangered [CR: B2 a, b (i,

However; very less or no supporting data like Population
trends, Extent of Occurrence (EOO) or Area of Occupancy
(AOO) is available and this fact depicts the need of review and
reassessment of the current status of this species according to
IUCN guidelines. According to some earlier studies by some
workers, anthropogenic operations like over-exploitation of
tubers, tourism, habitat degradation, etc., are the major threats
to this species. Along with this poor pollination, less seed
formation are some other important factors responsible for the
reduction in the population of species. (Chavan et al.., 2018).

Earlier assessment of anjanerica Malpure et al.., by IUCN placed
it under the assessment category Endangered B1ab (iii)+2ab(iii)
ver 3.1. The current population trend was found to be decreasing.
It was in the critically endangered category (IUCN; 2013) and
was therefore facing an increased risk of extinction. Many of
anthropogenic activities are operative in this area leading to
the continued depletion of this species (Pethe and Watve, 2021).

Anjaneri hill area is visited by many pilgrims, amateur tourists,
trekkers, mountaineering groups and nature photographers. The
habitat is subjected to degradation caused by anthropogenic
pressures such as free grazing of cattle and fires. As a part of

Fig. 2: Red List Assessment category C. anjanerica Malpure et.al.
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developmental initiatives taken up by local government and forest
department, a permanent road has been proposed to the plateau
top for developing tourism that imposes a threatening pressure on
population of C. anjanerica on the top of plateau. Apart from Anjaneri
hill; the other three locations are under threat due to the enhanced
tourism and its impacts in terms of trampling and infrastructure
development. (IUCN Assessment; Pethe and Watve; 2021).

C. anjanerica has been assessed as “critically endangered”
under the criteria “CR B1ab (iii,v) + B2 ab (iii)" by Pethe et al..,
(2015) and subsequently as “Endangered” under the criteria
“B1ab(iii)+2ab(iii)” by Pethe and Watve (2021) of the IUCN Red
List. (Fig. 2). Though the type locality, i.e., Anjaneri hills, Nasik,
is declared as an ‘Anjaneri Conservation Reserve’ and due care
has been taken by Maharashtra state forest department for its
conservation. Other than Anjaneri Conservation Reserve, all
the localities are tourist places; therefore, frequent tourist visits
generally destroy the habitats. (Table 1). Controlled tourism
and awareness among tourists will help in reducing the threat
to some extent. Unnecessary uprooting of the tuber just for
growing this endemic species in captivity should be avoided
as it will not survive outside its habitat for more than a year
or so, if appropriate care is not taken. Surveys undertaken
to Bhaskargad, Harihar fort, Bramha Hill and Bramhagiri Hill
resulted in the collection of C. anjanerica. This study highlights
the need for designated surveys to locate such endemic species
reported from their type localities only. Moreover, earlier
workers emphasize the need for research to monitor life history
and distribution trends, ecological threats, and conservation
planning. (Table 2). This will help in prioritizing the conservation
of threatened species (Fig. 2). (Maity et al.., 2021).

With potential pharmacological, ornamental and medicinal
use this species has least reproductive success, so attempts for
in-vitro propagation of C. anjanerica have been done by many
workers. Well-grown plantlets hardened, acclimatized and

Table 1: Threats to the Species (IUCN Red List Assessment 2021, Pethe
and Watve, 2021).
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established in the greenhouse which exhibited 78% survival.
(Nalawade et al.., 2014). Likewise, in-vitro propagation attempts
have been done for many Ceropegia species such as C. bulbosa
(Shete; 2014), C. woodii (Barakat; 2021). Molecular phylogenetic
analysis of 81 Ceropegias aligned them in many clades
(Surveswaran et al..,, 2009). The methanol extract of C. juncea
are medicinally valuable and possess various pharmaceutical
applications (Visveshwari et al.., 2017).

CONCLUSION

C.anjanerica Malpure et al.., has been reported to have the least
reproductive success and it has potential in the medicinal field.
It can be concluded that insufficient study has been done so far
on C. anjanerica, As the species has ornamental and medicinal
potential, conservational actions should be undertaken. Also,
there is a need to undertake reproductive biological studies
along with phytochemical and pharmacological examinations
so as to asses and evaluate the reproductive barriers.
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ABSTRACT

Chlorophytum borivilianum; Sant. and Fern. is one of the important medicinal herb belonging to family
Liliacae. Traditionally known as ‘Safed Musali’ in the Indian drug market. An efficacy of its tuberous roots has been
assessed for the treatment of few sexual disorders in males. Also, phytochemical evaluation revealed the richness of
alkaloids, saponins, carbohydrates, steroids, vitamins, proteins etc. Apart from the aphrodisiac properties mostly
confined to the roots; the efficacy of this important medicinal herb needs to be investigated for other attributes
especially on human model. In India as well as across the world; from the pharmacological point of view; this plant
serves as valuable medicinal herb with a great potential to cure many diseases. However; this plant has been
categorized as critically endangered plant according to IUCN red data list. Due to overexploitation, authentic
identification and standardization as well as lack of ecological and conservation perspective; the species number of
genus Chlorophytum is found to be decreasing consistently. Also, documentation of such ethnobotanicals and
knowledge of traditional medicines can be significant contribution towards sustainable utilization of indigenous
therapeutic plants.

Keywords: Chlorophytum borivilianum, ecological, pharmacological.

RESUMEN

Clorophytum borivilianum; Sant. y helecho. Es una de las hierbas medicinales importantes que pertenece a
la familia Liliacae. Conocido tradicionalmente como "Safed Musali" en el mercado de drogas de la India. Se ha
evaluado la eficacia de sus raices tuberosas para el tratamiento de algunos trastornos sexuales en los machos.
Ademas, la evaluacién fitoquimica reveld la riqueza de alcaloides, saponinas, carbohidratos, esteroides, vitaminas,
proteinas, etc. Ademas de las propiedades afrodisiacas que se limitan principalmente a las raices; Es necesario
investigar la eficacia de esta importante hierba medicinal para determinar otros atributos, especialmente en el
modelo humano. Tanto en la India como en todo el mundo; desde el punto de vista farmacoldgico; esta planta sirve

como una valiosa hierba medicinal con un gran potencial para curar muchas enfermedades. Sin embargo; esta planta
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ha sido clasificada como planta en peligro critico segun la lista roja de datos de la UICN. Debido a la sobreexplotacion,
la identificacidn y estandarizacion auténticas, asi como la falta de una perspectiva ecoldgica y de conservacion; Se ha
descubierto que el numero de especies del género Chlorophytum disminuye constantemente. Ademas, la
documentacion de dichos elementos etnobotanicos y el conocimiento de las medicinas tradicionales pueden ser una
contribucion significativa hacia la utilizacidn sostenible de plantas terapéuticas autdctonas.

Palabras clave: Chlorophytum borivilianum, ecolégico, farmacoldgico.

INTRODUCTION

Traditional and herbal medicines have been utilized since ancient times and accounts for about 70-80% of
population on a global basis. According to the World Health Organization; about 80-95% of population of developing
as well as developed countries; uses herbal and traditional medicines or crude plant extracts; as a home remedies
for their routine ailments. (Khan and Ahmad, 2019; Siddaramu et al., 2022). India shows diverse topographic and
climatic conditions that supports unique habitat for variety of medicinally important plant species. (Naveen et
al.,2022). Today; the demand for many natural crude therapeutic drugs are increasing all over the world. Recently;
ethno-ecological survey of medicinal herbs is being carried out by different states. (Tandon and Shukla, 1995). The
center of origin of C. borivilianum is tropical and subtropical Asia. (Chakraborty and Aeri, 2009). Earlier, it has been
reported that, about 300 species of Chlorophytum are distributed across the world; especially tropical and subtropical
regions of Africa which are most probably; the centers of origin of genus Chlorophytum. (Geetha and Maiti, 2002;
Bansal, 2018). Currently; 23 species of genus Chlorophytum reported across the different regions of India. (Chandore
and Yadav, 2019). Also, C. borivilianum is categorized as critically endangered status according to IUCN Red data list.
(Bhat et al., 2018; Gowthami et al., 2021).

C. borivilianum is herbaceous plant belonging to the family Liliaceae, commonly known as ‘Safed musali’ is
highly valuable medicinal plant in India and Indian system of Ayurveda. It is a multipurpose herb useful in maintaining
better human health and gynecological disorders. (Nalawade et al., 2022). Also, its commercial utilization is found to
be rapidly expanding due to the presence of high medicinal properties in its different parts especially tuberous roots.
During the last couple of decades; many endangered medicinal plant species; due to the lack of authentic
identification and standardization; are being used as alternative resource which creates scarcity and eventually leads
in adulteration. In this context; comparative morpho-anatomical and phytochemical evaluation of Chlorophytum
species is essential. (Parveen and Singh, 2018).

Pharmacological Perspective:

Traditionally; tubers are also being used in the treatment of few other ailments like rheumatism. Also, leaves
can be used in various culinary preparations. However; tubers have been most commonly used for its aphrodisiac
properties lack of libido, male impotency, oligospermia. (Meena and Rao, 2005). The major biochemical constituent
of Chlorophytum borivilianum are carbohydrate (42%),Protein (10%), fibers (20% to 30%) Saponins (2% to 17%) and

alkaloids (15% to 25%). Also, primary saponin and alkaloids have been found to be the rich source of over 25 alkaloids,
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vitamins, steroids, potassium, calcium, magnesium, phenol, resin, mucilage and polysaccharides. High quality of
simple sugars mainly sucrose, glucose, fructose, xylose, mannose, and galactose and more recently; Stigmasterol,
furostanol, chlorophytoside as well as polysaccharide fraction etc. have been be isolated. (Thakur et al.,2011;
Rungsung et. al 2013). Arsenic induced toxicity in C. borivilianum and its impact on reproductive system has been
studied by Sharma et al., 2012. The presence of various vital bioactive compounds and medicinally important
secondary metabolites like alkaloids, glycosides, steroids etc. have been confirmed in many earlier phytochemical
studies as well as by chromatographic and spectrophotometric analyses. (Vyas et al., 2020).

C. borivilianum; recognized worldwide as ‘herbal viagra’, and ‘Indian ginseng’ in India; found significant in
curing stress induced weakness and other such ailments. (Sharma and Muzumdar; Singh et. al., 2012, Giribhau et. al,, 2014;
Thakur and Dixit, 2016). Similarly; the root extract of C. borivilianum have found to be helpful in prevention of sperm
count and impairment in sperm characteristic and morphology. (Kothari; Thakur et al., 2004). Traditionally; it is used
as health promoting tonic along with anti-oxidant, anti-pyretic, anti-viral, anti-mutagenic, anti-tumors, antifungal
activity. (Bhat et al., 2008, Deore and Khadabaddi, 2007; 2008; 2010; Akki and Patil 2006; Singh et al., 2012). Few
researchers have reported that the human disorders such as renal and pulmonary cancer can be better managed by
herbal drugs like ‘Safed Musali.” Singh et al., Saxena et al., 2012).

Pharmacological evaluation has been attempted by many workers which revealed few inherent medicinal
properties such as aphrodisiac, immunomodulatory activity and anti-aging properties. (Kothari, 2004; Singh et al.,
2008; Chakraborty, 2012). Traditionally; the tuberous rootsof C. borivilianum are being used in the manufacturing of
crude herbal drugs. It has been shown to work very well in curing impotency. (Sharma and Muzumdar, 2012; Desale,
2013; Giribhau et al., 2014; Bhat et al., 2018). Many ethnic communities across the different states of India like
Rajasthan (“Meena”), Mizoram (“Mizo”), Maharashtra (“Thakur”), Madhya Pradesh (“Korku” and “Bharia”) have been
found to be enjoying the health, vitality and longevity by using ‘Safed musali’ in their health caresystem. (Patil, 2010;
Jagtap et al., 2009; Meena and Rao, 2010; Deshwal and Trivendio, 2011). Indigenous people in the states like
Maharashtra have found to be utilizing the root tubers of C. borivilianum for the variety of medicinal purposes and
have initiated its cultivation; which indicates its socio-economic importance. (Patil, and Patil, 2000; 2001).

In earlier research; it was reported that C. borivilianum is medicinally significant especially in rejuvenation.
(Miraj et al., 2020, Verma et al., 2020). Also, studies have indicated that the root extraction is better equip testicular
cell against the different oxidative stresses. (Vyas et al., 2022). C. borivilianum consist of many useful secondary
metabolites helping in sexual problems mostly stigmasterol (Pratiwi et. al., 2021), Saponin (Khan et al., 2022). Recent
studies have identified nine compounds including 5-methylhex-2-y, pentadecyl ester (23.69).9, 10- anthracenedione
(19.02). (Vyas et al., 2020).

Most of the pharmacological investigations and studies conducted previously lack critical assessment and
substantial scientific evidences. Also, all the studies merely highlighted the toxicity, quality and the commercial
utilization of Chlorophytum borivilianum; which is insufficient to gather comprehensive information so as to focus on

the existing lacunae and future research. (Khanam et al., Ashraf et al.,2013).
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Tubers and other body parts like leaf and stem of C. borivilianum; are rich in alkaloids, glycosides, tannins, and saponin
enriched fraction etc. These have been assessed for nutritional as well as cytotoxic, hemolytic properties.
(Somanath,2008; Singh et al., 2022). Few works have focused antidiabetic, anti-oxidant, anti-stress, anti-helminthic
and anti-larvicidal property of C. borivilianum. (Sharma et al., 2017). Recently; the use of C. borivilianum as a dietary
supplementation is found effective as heat stress ameliorator in dairy cows. Similarly; in rat model; this vital herb has
been shown to possess antimicrobial, antimutagenic, antioxidant, antiulcer, properties. (Devi et al., 2021). Different
plant parts of C. borivilianum have been used to evaluate the medicinal properties, pharmacological and physiological
response in various experiments conducted on animals mostly rats, cows as well as human beings. (Table 1).
Characterization of enzymes responsible for Saponin biosynthesis has been attempted by few researchers
(Karla et. al., 2013). The seeds of C. borivilianum are quite dormant and their viability is low, which necessitates its in
vitro regeneration and its large scale cultivation for agricultural and commercial purposes. Also, the presence of
secondary metabolites irrespective of topographical and climatic conditions; can be enhanced through
micropropogation and in vitro culture techniques which can be considered as novel approach in bioprospecting of

phytopharmarmaceuticals. (Purohit et al., 1994; Jha and Bansal, 2018; Kaushal et al.,2021).

ECOLOGICAL PERSPECTIVE

The genus Chlorophytum is originated from the tropical and subtropical Africa and about 300 species are
distributed predominantly in tropical and subtropical forests up to 1500 m altitude (Nayar and Sastry, 1988; Oudhia,
2001; Raghavendra et al., 2005).

It is evident that, the plant species in which reproductive parts (fruit, flower, and seed) as well as vegetative
parts (leaves, roots, rhizome etc.) are harvested for commercial purposes; are more endangered in comparison; than
any other plant species. Commercially; it is one of the important crop with high level of ethno-medicinal properties,
low risk, and high returns can be fetched within a short period of one year. (Manjunatha et al., 2008).

The decline in the number of species and extinction of some species of genus Chlorophytum, is largely due
to the ecological disturbances, cultivation/harvesting practices by unskilled labor leading to poor natural
regeneration, over exploitation for commercial purposes etc. (Mishra, 2011). Naturally, seed setting in most of the
flowering plant species occurs by adopting variety of pollination mechanisms. Likewise; there are different insect
pollinators which play an important role in pollination biology. (Shivanna et. al., 2001). The pollinators of C.
borivilianum include diverse group of insect species that transfer pollen in flowering plant. Interaction between
plants and pollinators is valued for increasing food production and maintaining ecosystem function to support
biodiversity. (Gomez et.al., 2007; Ollerton,2017, Celep et al., 2020).

C. borivilianum is small annual herbaceous plant which is grows wild as well as cultivated in different regions
of India. Indigenous tribal people mostly collect its tubers for economic and medicinal purposes. It is one of the
important ethno-medicinal herb utilized by tribal population in several districts of Maharashtra as well as different

states in India. (Khairnar and Gadekar, 2019). Moreover; the studies evaluating the role of bioactive phyto-
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constituents of C. borivilianum in nectar formation, pollinators and other fundamental ecological processes, global
change etc. are being attempted by few workers. (Stevenson et al., 2017; Spyros et al., 2023). In India alone; different
agro based field experiments have been conducted across the states so as to study the response shown by C.
borivilianum such as increase in overall root yield, its effective conservation and management in natural habitats.
(Table 2).

C. borivilianum has been categorized into critically endangered status according to the IUCN red data list.
(Ved et al., 2015). Due to the consistent rise in the popularity and consumption of C. borivilianum; and also, huge
economic returns; national and international phytopharma market is expanding at rapid rate. Review of relevant
literature revealed that the consistent research and developmental activities are needed especially at educational,
pharmaceutical institutions and medicinal plant repositories so as to explore genetic diversity,
phytopharmaceuticals/ nutraceuticals from C. borivilianum. (Tandon et al., 2012). Moreover, countries like India; are
providing subsidies for the promotion of cultivation, processing and marketing of C. borivilianum. (Gunjan et al, 2015;

Verma and Bisen et al.,2020).

DISCUSSION

In India as well as across the world; from the pharmacological point of view; C. borivilianum serves as
valuable medicinal herb with a great potential to cure many diseases. Plants like C. borivilianum possess great
medicinal importance. Apart from their medicinal role Chlorophytum species have also been recognized as food
source across different regions of the world. C. borivilianum is having great potential in treating sexual disorders like
impotency and many other such ailments which could be treated in coming future. Apart from the aphrodisiac
properties mostly confined to the roots; the efficacy of this important medicinal herb needs to be investigated for
other attributes especially on human model.

Currently, C. borivilianum is categorized as critically endangered plant species by IUCN red data list. Also;
due to overexploitation and lack of ecological as well as conservation perspective; the species number of
Chlorophytum borivilianum is found to be decreasing consistently. This necessitates its study in detail; emphasizing
its ecological conservation. Moreover; studies so as to understand novel gene, reproductive biology etc. are needed.
Thus, more elaborative, innovative conservation approaches should be adopted to protect this plant from becoming

endangered.
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Table 1. Pharmacological and physiological response different organisms observed during

various experiments.

Organism involved Formulations/ Plant part used Pharmacological/ Physiological response Reference

Human Root Loss of vigour and sexual fatigue, for improving Kumar et al., 2004, Bansal, 2018;
strength, Promoting the semen and sexual vigor.  Khairnar and Gadekar, 2019.
Root extract Aphrodisiac and erectile dysfunction Kumar and Gadhwal, 2020.
Methanolic callus extract pathogenic microbes and cytotoxicity against Huangetal., 2019.

colon cancer cells.

Rat Methanolic Seed extract antioxidant and antimutagenic activity. Rai et al., 2022.
Root extract Maintaining normal blood glucose, insulin and  Giribabu et al., 2014.

lipid levels.

Cows root powder Stimulate lactation. Deshwal et al., 2011.

Crossbred Cows Root extract Antioxidant, improvement in immune response. Devi et al., 2021.

Earthworm Crude Spaonin extract Anthelmintic property against selected worms. Sharma and Chandrul, 2017.

(Pheritima posthuma)

Fish (Labeo rohita) Polysaccharide fraction Improvement in immune response and disease Giri et al., 2015.
resistance.

Yeast (Saccharomyces Polysaccharide fraction Increase in the lifespan/longevity. Pannakal et al., 2017.

cerevisiae) Results to be used for studying the aging process.

Table 2. Effects of different parameters on growth and yield of C. borivilianum.

Region of Study Parameters studied Outcome of study Reference
Karnataka, India. Effect of bio formulations, organicand  Growth in leaf area, Physiological Characters, Dry  Hiremath et al.,2020.
inorganic source of nutrients. root yield.
Faizabad, Uttar Pradesh The effect of organic manures overall growth and root yield. Ram et al., 2014.
Bhopal, India plant ecology, biology, collection Ex situ conservation and management of plant  Mishra, 2011.
and Use/trade parameters. in the natural forests.
Akola, Maharashtra. Effect of inter cropping Increase in the overall yield and economic return  Tapre et al., 2021.

with pigeon pea (3:1).

ACKNOWLEDGEMENT
Authors are thankful to P.G. Department of Botany, K.V. N. Naik Arts Commerce & Science College and Research
Center of Botany L.V.H. College, Panchvati, Nasik, India for providing all the necessary requirements and

administrative support.



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704

AUTHOR CONTRIBUTIONS
Conceptualization, Shinde, H.P., referencing and draft preparation, Pawar, R. P. formal analysis, Nikam, P. D. technical

assistance, Waghmode, A.V.

REFERENCES

Acharya, D., Mitaine-Offer A.C., Kaushik, N. et al. (2009). Cytotoxic spirostane-type saponins from the roots of
Chlorophytum borivilianum. Journal of Natural Products, 72(1):177-181.

Akki, B.G. and Patil, S.H. (2006). Preliminary phytochemical investigation and in-vitro anti stress activity of safed
musli- Chlorophytum borivilianum. Indian Drugs. 43 (11), 878-880.

Ashraf Mehdi Farshad, Maheran Abd Aziz, Johnson Stanslas, Ismanizan Ismail, Mihdzar Abdul Kadir (2013).
Assessment of antioxidant and cytotoxicity activities of Saponin and crude extracts of Chlorophytum
borivilianum,10 (2), doi: 10.1155/2013/216894.

Ashraf, M.F., Aziz, M.A., Kemat, N., Ismail, I. (2013). Effect of Cytokinin types, concentrations andtheir interactions
on in vitro shoot regeneration of Chlorophytum borivilianum Sant. &Fernandez. Electronic J. Biotechnol. 17,
275-279.

Bansal, Neetu (2018). Safed musli Chlorophytum borivilianum Review article. MOJ Bioequivalence & Bioavailability,
5(6):327-330.

Bhat, M.H., Fayaz, M., Kumar, A., Jain, A.K. (2018). Phytochemical, pharmacological and nutritional profile of
Chlorophytum tuberosum (Roxb.) Baker (Safed musli): A Review. Int. J.Theor. Appl. Sci. 10(1), 93-99.

Chakraborthy, G.S. and Aeri, V. (2009). Immunomodulatory activity of Chlorophytum borivilianum.Pharmacology
online. 3: 54-57.

Deore, S. L. and Khadabadi, S.S. (2007). In vitro antimicrobial studies of Chlorophytumborivilianum (Liliaceae) root
extracts, Asian J. Microbiol. Biotech. Env. Sci. 9(4), 807-809.

Deore, S. L. and Khadabadi, S.S. (2008a). Anti- Inflammatory and antioxidant activity ofChlorophytum borivilianum
root extracts. Asian J. Chem. 20(2), 983-986.

Deore, S. L. and Khadabadi, S.S. (2010). Isolation and characterization of phytoconstituents fromChlorophytum
borivilianum. Phcog Res. 2:343-349.

Desale, P. (2013). Safed Musli: Herbal Viagra for male impotence. Journal of Medicinal PlantsStudies, 1(3), 91-97.

Deshwal, R.K. and Trivedi, P. (2011). Effect of kinetin on enhancement of tuberous root production of Chlorophytum
borivilianum. International Journal of Innovations in Biological and Chemical Sciences.1:28-31.

Devi, P., Singh, M., Somagond, Y. M., and Aggarwal, A. (2021). Alleviation of heat stress by Chlorophytum
borivilianum: Impact on stress markers, antioxidant, and immune status in crossbred cows. Trop. Anim. Health
Prod. 53, 351. doi:10.1007/s11250-021-02796-y.

Geetha, K. and Maiti, S. (2002). Biodiversity of Chlorophytum borivilianum, Santapau & Fernandes. International Plant
Genetic Resource.129:52-53.



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704

Giri, S.S., Sen, S.S., Chi, C., Kim, H.J., Yun, S., Park, S.C., Sukumaran, V. (2015). Chlorophytum borivilianum
Polysaccharide fraction provokes the immune function and disease resistance of Labeo rohita against
Aeromonas hydrophila. J Immunol Res. 256510. doi: 10.1155/2015/256510.

Giribabu, N., Kumar, K.E., Rekha, S.S., Sekaran, Muniandy, S. and Salleh, N. (2014). Chlorophytum borivilianum (Safed
Musli) root extract prevents impairment in characteristics and elevation of oxidative stress in sperm of
Streptozotocin-induced adult male diabetic Wistar rats. BMC Compl.Alt. Med. 14, 291.

Gowthami, R., Sharma, N., Pandey, R., Agrawal, A. (2021). Status and consolidated list of threatened medicinal plants
of India. Genet Resour Crop Evol. 68(6):2235-2263. doi: 10.1007/s10722-021-01199-0.

Gunjan, M., Naing, T.W., Saini, R.S., Ahmad, A., Naidu, J.R. and Kumar, I. (2015). Marketing trends & future prospects
of herbal medicine in the treatment of various disease. World Journal of Pharmaceutical Research 4(9): 132-
155.

Hiremath, Jagadish Chandra, Gangadharappa, P.M., Hegde, N.K., Kukanoor, L., Mastiholi. A.B. and Shiragur, Mukund,
Mallikarjun Awati (2020). Role of bio-formulations in combination with inorganic and organic nutrient sources
in enhancement of morpho-physiological characters and root yield in safed musli Chlorophytum borivilianum
Sant. & Fernand. International Journal of Ecology and Environmental Sciences Online ISSN: 2664-7133; Print
ISSN: 2664-7125.

Huang, F., Long, Y., Liang, Q., Purushotham, B., Swamy, M.K., Duan, Y. (2019). Safed Musli Chlorophytum borivilianum
callus-mediated biosynthesis of silver nanoparticles and evaluation of their antimicrobial activity and
cytotoxicity against human colon cancer cells. Journal of Nanomaterials. 13;2019.

Jha, A. and Bansal, Y.K. (2018). Estimation of some secondary metabolites from the in vitro cultures of Chlorophytum
borivilianum Sant. et. Fern. International Journal of Pharmacy and Pharmaceutical Sciences 1ISSN- 0975-1491
Vol. 10 (1), Pp. 1-10.

Kalra, S., Kumar, S., Lakhanpal, N., Kaur, J., Singh, K. (2013). Characterization of Squalene synthase gene from
Chlorophytum borivilianum (Sant. and Fernand.). Mol Biotechnol. 54(3):944-53. doi: 10.1007/s12033-012-
9645-1.

Kaushal, N., Alok, A., Kajal, M. and Singh, K. (2021). Regeneration and genetic fidelity analysis of Chlorophytum
borivilianum using flower stalk as explant source. Advances in Bioscience and Biotechnology, 12, 95-107.

https://doi.org/10.4236/abb.2021.124007.

Kenjale, R., Shah, R. and Sathaye, S. (2008). Effects of Chlorophytum borivilianum on sexual behavior and sperm count
in male rats. Phytotherapy Res. 22(6), 796-801.

Khairnar, Shrikant, Sanjayrao and Gadekar, Vipul Sanjay (2019). Studies on ethno botanical plants used by tribal
community of Nashik district, Maharashtra, India. Journal of Medicinal Plants Studies; ISSN (E): 2320-3862
ISSN (P): 2394-0530 7(4): 200-202.

Khan, M. S. A.,, & Ahmad, I. (2019). Herbal medicine: Current trends and future prospects. in New Look to
Phytomedicine Academic Press,3-13.https://doi.org/10.1016/B978-0-12-814619-4.00001X.


https://doi.org/10.4236/abb.2021.124007

Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704

Khanam Zakia, Ompal Singh, Rampal Singh, Irshad Ul Haq Bhat (2013). Safed musli Chlorophytum borivilianum: a
review of its botany, ethnopharmacology and phytochemistry. J Ethnopharmacol.,150(2):421-441. doi:
10.1016/j.jep.2013.08.064. Epub 2013.

Kothari, S. K. and Sigh, K., (2003). Production technique for the cultivation of Safed Musli (Chlorophytum
borivilianum). J Hortic. Sci Biotech. 8(2), 261-264.

Kothari, S.K. (2004). Safed Musli (Chlorophytum borivilianum) revisited. J. Med. Arom. Plant Sci. 26, 60-63.

Kumar, A. and Gadhwal, N. (2020). Traditional herbal medicines and their fertility potential: A Review. Journal of
Complementary and Alternative Medical Research. 9, 24-32.

Kumar, M., Gangwar, R., Sagar, S., Chaudhary, S., Kumar, Y., Kumar, V. (2018). Micropropagation of Safed musli
(Chlorophytum borivilianum)- an endangered medicinal herb.Technofame. 7 (1), 26-31.

Kumar, R., Suman, N.R. and Dash, S.S. (2004). Traditional uses of plants by tribals of Amarkantak region, Madhya
Pradesh, Vol. 3 (4), Pp 383-390.

Mishra, Manish (2011). Conservation of biodiversity in the natural forests of central India: A Case of Critically
Endangered medicinal species safed musli in Bhopal forest (MP) India. Bioscience Discovery, 2(3):299-308,
ISSN: 2229-3469 (Print).

Miraj S.S. A Praveen, N., and Chaudhary, S.A. (2020).in back drop of overuse of synthetic drug ,can botanical be one
of answer, a piolet study of medicinal use of Chlorophytum and curcuma by tribal in central india.ctm 6(1),75-
85,d0i;10.2174/2210838056661906121431220.

Nalawade, Ajay Sarjerao Gurav, Rajaram Vithoba, Patil, Abhinandan Ravsaheb, Patwekar Mohsina, Patwekar, Faheem
(2022). A comprehensive review on morphological, genetic and phytochemical diversity, breeding and
bioprospecting studies of genus Chlorophytum Ker Gawl. from India. Trends Phytochem. Res. 6(1), 19-45.

Naveen Chandra, Gajendra Singh, Shashank Lingwal, MPS Bisht, Lalit Mohan Tewari and Vinod Chandra Joshi (2022).
Ecological status of Alpine medicinal and aromatic plants of Western Himalaya, Journal of Herbs, Spices &
Medicinal Plants, 28:1, 73-88, DOI:10.1080/10496475.2021.1963903.

Pannakal, S.T., Jager, S., Duranton, A, Tewari, A,, Saha, S., Radhakrishnan, A., Roy, N,, Kuntz, J.F., Fermas, S., James,
D., Mellor, J., Misra, N. and Breton, L. (2017). Longevity effect of a polysaccharide from Chlorophytum
borivilianum on Caenorhabditis elegans and Saccharomyces cerevisiae. PLoS One. 12(7).
doi:10.1371/journal.pone.0179813.

Purohit S.D., Dave, A., Kukda, G. (1994). Micropropagation of safed musli Chlorophytum borivilianum, a rare Indian
medicinal herb. Plant Cell Tissue Organ Cult. 39, 93-96.

Rai, Jyoti, Rai, Dhananjay, Gupta, Amresh (2022). A Review on Safed musli Chlorophytum borivilianum Volume 9,
Issue 7 (ISSN-2349-5162).

Ram, D., Thenua, 0.V.S. and Chandra, R. (2015). Effect of organic manures on plant growth and root yield of safed
musli (Chlorophytam borivilianum) under agro-climatic condition of eastern Uttar Pradesh. Ann. Agric. Res.

New Series Vol. 36 (1): 114-116.



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704

Rungsung, W., Dutta, S., Das, D., Hazra, J. (2013). A brief review on the botanical aspects and therapeutic potentials
of important Indian medicinal plants. International Journal of Herbal Medicine. 1(3): 38-45.

Santapau, H., and Fernandes, R. (1955). A new species of Chlorophytum from Salsette Island. J. Bombay. Nat. Hist.
Soc. 52, 896-900.

Sharma, G. and Kumar, M. (2012). Antioxidant and modulatory role of Chlorophytum borivilianum against Arsenic
induced testicular impairment. J Environ Sci (China). 24(12):2159-65. doi: 10.1016/s1001-0742(11)61019-x.

Sharma, Payal and Chandrul, Kaushal K. (2017). Chlorophytum borivilianum (Safed musli): A vital herbal drug. Int. J.
Pharm. Med. Res. ISSN: 2347-7008; 5(1):401-411.

Siddaramu, Vidyashree, Uday, Kumar, Vishnu Halasahalli Venkataramaiah, Sowmyashree Krishnamurthy, Shruthi
Gangur Rangaswamy, Harisha Ranganahali Puttahariyappa, Badenahally Chikkarangappa Nagaraja (2022).
Herb diversity and their medicinal uses in Biodiversity conservation area of Jnanabharathi campus, Bangalore
University, Karnataka. Biological Diversity and Conservation,15 (1) ISSN 1308-8084 (O) 1308-5301 (P), Pp73-
83.

Singh, Rahul, Sharma, Rinku, Gorakh, Mal and Varshney, Rajat. (2022). A comparative analysis of saponin-enriched
fraction from Silene vulgaris (Moench) Garcke, Sapindus mukorossi (Gaertn) and Chlorophytum borivilianum
Santapau and Fernandes: an in vitro hemolytic and cytotoxicity evaluation, Animal Biotechnology, 33:1, 193-
199, DOI:10.1080/10495398.2020.1775627.

Spyros, Theodoridis, Evangelia, G. Drakou, Thomas, Hickler, Marco, Thines, David Nogues-Bravo (2023). Evaluating
natural medicinal resources and their exposure to global change. Lancet Planet Health 7: e155-63.

Stevenson, P.C., Nicolson, S.W., Wright, G.A. (2017). Plant secondary metabolites in nectar: impacts on pollinators
and ecological functions. Funct. Ecol. 31: 65-75.

Tandon, P., Kumaria, S., Das, M.C. (2012). Plant resources of India: potentials for future development. Proc. Natl.
Acad. Sci., India, Sect B Biol Sci; 82(2): 283-9.

Tapre, Varsha, Deshmukh, Swapnil, Muradi, Balkishor, Deshmukh, Amit, Pawar, Aditya and Rathod. Dhanraj. (2021).
Performance of safed musli (Chlorophytum borivilianum) under different intercropping systems. J
Pharmacogn Phytochem 10(1):787-789.

Thakur, M., Connellan, P., Deseo, M.A., Morris, C., Dixit, V.K. (2011). Immunomodulatory Polysaccharide from
Chlorophytum borivilianum roots. Evid Based Complement Alternat Med. 2011; 2011:598521. doi:
10.1093/ecam/neq012.

Ved, D., Saha, D., Ravikumar, K. and Haridasan, K. (2015). Chlorophytum borivilianum. The IUCN Red list of threatened
species 2015:e.T50126575A50131300. http://dx.doi.org/10.2305/IUCN.UK.2015-

2.RLTS.T50126575A50131300.en.

Verma, Ravindra, Misra, Vaibhav and Bisen, Prakash Singh. (2020). Nutritional and medicinal values of Chlorophytum
borivilianum: Mini- review of current status and future possibilities. Current Nutrition & Food Science, 16, 1-8,

Bentham Science Publishers.

10


http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T50126575A50131300.en
http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T50126575A50131300.en

Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704

Vyas, Ruchi, Garima, Sharma, Adya, Chaturvedi, Devki and Rashmi Sisodia (2020). GC-MS and HPLC analysis of
Chlorophytum Borivilianum (Safed Musli), a plant from Ayurveda- herbal Viagra. Glob J Reprod Med. Vol. 7 (5)
5556723. DOI: 10.19080/GJORM.2020.07.5556723.

Received: 13t May 2023; Accepted: 23" September 2023; First distribution: 23™ September 2023

11



International Journal of Research Publication andéRes; Vol 4, no 5, pp 635-6940 May 2023

International Journal of Research Publication and Reviews

Journal homepagemww.ijrpr.com ISSN 2582-7421

T Yl

WWW.IJRPR.COM

Preliminary Phytochemical Analysis from the Bark of Plant Boswellia
Serrata Roxb. Ex. Colebr.

Atul N. Wagh, Nandu B. Pawar, Akash K. Suryawanshi & Yahyakhan A. Pathan

Department of Botany

L.V.H Arts, Science & Commerce College, Panchavatshia&
J.A.T Arts, Science and Commerce College for Women, d4ale
Email of corresponding autheratulwagh62@gmail.com

ABSTRACT:

Boswellia serrata Roxb. ex. Colebr. is one of the moshifive medicinal plant belongs to the family Burseraceae. The plastundertaken to check
phytochemical analysis based on ethnobotanical data colfestedNorth East Region of Nashik District, Maharashtra. The bétke plant has high medicinal
value and used as anti-cancer and to cure joint painssfee, arthritis, swelling, sprains, bruises, back pathaana stimulant for menstrual flow. The bark of
the plant samples were collected from Malegaon taluka of NashilcDis

Key words- Phytochemical, Ethnobotany, Boswellia serrata, Madic

Introduction:

Phytochemical analysis of Boswellia serrata involves thaysof the chemical components present in the planiespe8oswellia serrata also known
as Indian frankincense, is a tree native to IndiajsRak and the Arabian Peninsula. It has been usecefduries in traditional medicine due to its
potential therapeutic properties. Phytochemical aglgims to identify and quantify various bioactivenpounds present in Boswellia serrata. These
compounds include triterpenoids, essential oils, and fl@idsnamong others. Triterpenoids, specifically boswaeltiicls, are considered the primary
active constituents responsible for the plant's ani@imihatory and anti-cancer properties. The analysis civBitia serrata involves extraction
techniques to isolate the phytochemicals from the piaaterial. Different methods, such as cold extractimt extraction, solvent extraction or
supercritical fluid extraction, may be employed to obthe bioactive compounds. Once extracted, vaamadytical techniques are used to identify and
quantify these compounds, including gas chromatography-spassrometry (GC-MS), high-performance liquid chromapgy (HPLC), and nuclear
magnetic resonance (NMR) spectroscopy.

The phytochemical analysis of Boswellia serrata helpsmderstanding the chemical composition of the pladtiempotential bioactivity. It enables
researchers to identify specific compounds responsiblgé plant's medicinal properties and may aid éendiavelopment of therapeutic applications or
standardized herbal preparations.

Material and Methodology

1. Extraction of powdered drugs

All the powdered drug samples were processed for the eedfdction by maceration with ultrasonication methieide different solvents (water,
methanol, ethanol, chloroform and petroleum ethergwsed for the extraction. Cold extraction technigias intentionally used to restore the intactness
of the phytoconstituents especially those are therrielabnature.

2. Experimental

For extraction, each powdered sample was weighed (20ngimjdually. These powdered samples were taken in stopperecdal flasks and 100 ml of
specified solvents were added. The flasks were kepthatal shaker for next 24 hrs with 5 min treatmehtiltrasonication to each sample in between
these shakings.

Sample Drug quantity Solvent used Weight of | Weight of | Weight of | Extraction yield
No. crucible (gm) crucible  with | extract (gm) (% wiw)

extract (gm)
20 gm Water 66.13 67.53 1.4 7
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Boswellia | 20 gm Methanol 76.13 78.88 2.75 13.75
serrata 20 gm Ethanol 67.38 69.74 2.36 11.8
Roxb._ex| 79 gm Chloroform 74.73 75.09 0.36 1.8
Colebr. 20 gm Pet. Ether 72.99 73.22 0.23 1.15

2. Preliminary Phytochemical Analysis

Above prepared extracts of each drug were usedrfdinpnary phytochemical analysis. In this, chemical teststie detection of some primary
metabolites (carbohydrate, amino acid, protein, lgd starch) and secondary metabolites (alkaloids, ftads, tannins, saponins, glycosides) were
done.

Results for Boswellia serrata Roxb. ex Colebr.

Test for | Test | Observation Inference Pic of the test
Primary Metabolites -

Molisch's test (General | Violet ring is formed

test) at the junction of two
To 2-3 ml aqueous extrac| liquids.
Carbohydrate add few drops of alpha| Present

naphthol  solution in
alcohol, shake and ad
conc. HSQO, from side of
the test tube.

Ninhydrin test (General | Purple / bluish colour
test) appears.
Heat 3 mlI T.S. and 3 drop
5% Ninhydrin solution in
Amino Acid boiling water bath for 10 Present
min.

Biuret test (General test) | Violet or pink colour
To 3 ml T.S. add 4% not appeared.

NaOH and few drops o
Protein 1% CuSQ solution. Absent

Extract dropout on filterj No permanent stain o
paper drought comes thg filter paper
Lipid lipids are present. Absent
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Starch

lodine test: Mix 3 ml test
solution and few drops o
dilute iodine solution.
Blue colour appears, i
disappears on boiling an
reappears on cooling.

Blue colour does no
appear

Absent

Secondary Metabolites

Alkaloids

Evaporated the aqueous, alcoholic and chloroform estiseparately. To residue, dilute HCI added. A
shaking well and filtration, using filtrate, followgrtest was performed.

Wagner's test

2-3 ml filtrate with few
drops Wagner's reagel
gives reddish brown ppt.

Reddish brown ppt

Present

Flavonoids

Shinoda Test

To dry powder or extract]
add 5 ml 95% ethanollt]
butyl alcohol, few drops
conc. HCI and 0.5 (¢
magnesium turnings
Orange, pink, red to purpl
colour appears.

Orange red colou
observed

Present

Tannins

5% FeCl; solution

Deep blue-black
colour

Present

Saponins

Add water into sample an
shake for 15 sec.

Foam is observed

Present
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Glycosides Legal's test (Test for| Pink to red colour| Present

cardenoloids) appeared
To aqueous or alcoholi
extract, add 1 ml pyriding
and 1 ml sodium
nitroprusside.

Test for deoxy sugar| No reddish brown| Absent
(Keller-Killiani test) colour appears 4
To 2 ml extract, add junction of the two
glacial acetic acid, onq liquid layers.

drop 5% FeGl and conc.
H,SO,. Reddish brown
colour appears at junctiol
of the two liquid layers
and upper layer appea
bluish green.

Result and Discussion

The specific phytochemical profile of Boswellia se¢ar&an vary depending on factors such as geogrdpbaedion, climate, and extraction methods
used. Phytochemical analysis helps in determining the asitign and concentration of these bioactive compsuwdich in turn provides insights into
the potential therapeutic applications. The plamses were tested to check the presence and absepamafy and secondary metabolites

present in Boswellia serrata. The powdered drug sam@egwegessed for cold extraction by maceration with sdimacation method. Five different
solvents (water, methanol, ethanol, chloroform andofeim ether) were used for the extraction. Cold etita technique was intentionally used to
restore the intactness of the phytoconstituents espeitiaie are thermolabile in nature. Carbohydrate, Amicid shows the presence, where Protein,

Lipid and Starch is absent in bark of plant Boswedgarata. Alkaloids, Flavonoids, Tannins, Saponins, Glgessare present in Legal's test and absent

in test for deoxy sugar (Keller-Killiani test).
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ABSTRACT

Present paper gives an account of 15 taxa belonging to 07 genera of
family Convolvulaceae Juss.lpomoea L. is the largest genera with 08 taxa.
Description of each taxon is provided with flowering-fruiting, location, exsiccata,

field note and photo.

Key words : Flora, Convolvulaceae, Satmala Hills.

Introduction:

Convolvulaceae Juss. is also known
as Morning Glory Family. Its habit ranges from
herb to woody vines, rarely tree. The family is
represented by 2000 taxa and 58 genera all
over the world (Staple and Yang, 1998). In
India the family is represented by 158 taxa
belonging to 20 genera (Oudhia, 2001).
Ipomoea L. and Convolvulus L. are the major
genera comprising third of the one total taxa
(Conquist, 1988). In India taxa of the family
distributed in the state of Bengal, Maharashtra,
Gujarat, Goa, Karnataka, and
Chhattisgarh(Undirwade et al, 2015).
Lakshminarasimhan and Sharma (1991)
documented 7 taxa in Flora of Nashik district.
However, as sufficient literature is not available
from Nashik district, present survey was
undertaken in Chandwad-Satmala region to
study the diversity of species belonging to
family Convolvulaceae Juss

Material and Methods:

Field tours were conducted in study
area to document the taxa of family
Convolvulaceae Juss. Collected taxa were
identified and confirmed with the help of local
floras and available literature
(Lakshminarasimhan and Sharma,

1991;Singh and Karthikeyan, 2001a, 2001b).
Botanical names and citations were checked
with the help of database plants of the world
online (POWO). Herbariums of taxa were
prepared by following standard method of Jain
and Rao (1977). One set of herbarium sheets
have been deposited to BSI Puneand SNJB's
ACS College Chandwad.

Results and Discussion:

Description of all 15 taxais given below
Argyreia sericea Dalz. & Gibs. Bombay. Fl.
169. 1861; C. B. ClI. in Hook. f. FI. Brit. India 4:
188. 1883; Cooke, Fl. Pres. Bombay 2: 326.
1958 (Repr.); Singh et al., Fl. Maharashtra,
Dicot. 2: 446.2001.

Twiner, height 03-05 m. Leaves 04-07 x 03-05
cm, alternate, petiole 02 cm long, densely
pubescent above, lower surface silky, apex
acuminate, cordate base, margin wavy. Stem
twinning, densely white silky, terete.
Inflorescence capitate cyme, 04 cm long
peduncle, flowers 06 in number, corolla 04 cm
long, colour pink, calyx densely silky hairy.
Flowering and Fruiting: Almost throughout
the year

Localities:Koldher, Sadetin Rodaga, Indrai
Exsiccata: SDW-1060

Notes: It grows inside bushes as well as
spreading on ground.
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Cuscuta cassytoides Nees ex Engelm.
Trans. Acad. Sci. St. Louis 1: 513 (1859);
Cuscuta reflexa Roxb. PI. Cor. 2: 3, t. 104.
1798; C.B.Cl. in Hook. f. Brit. India 4: 225.
1883; Cooke, Fl. Pres. Bombay 2: 292. 1958
(Repr.); Yuncker in Mem. Torr. Bot. Club 18:
259, f.130 & 130, A—F. 1932; Sant. & Patel in J.
Bombay nat. Hist. Soc. 54 :712,f. A, 1-7. 1957;
P. K. Bhattacharya & S. K. Mukerjee in Ind. J.
For.1:162.1978; Singh et al., FI. Maharashtra,
Dicot. 2:492.2001.

Parasitic twiner, stem terete, colour
yellow, with red marks on surface, flowers
pedicillate, 06-09 mm in length, bracteate in
cymose clusters, pedicels 02-03 mm in length,
somewhat fleshy, corolla white in colour,
infundibuliform, length 06-09 mm, margin of
corolla somewhat wavy, stamens short in
length than corolla tube, seeds suborbicular,
01-02in numbers.

Flowering and Fruiting: December-April
Localities: Indrai

Exsiccata: SDW-1208

Notes: It twinning on Bauhinia sp &Ficus sp.

Dinetus racemosus (Roxb.) Sweet. Brit. Fl.
Gard. 2: t. 127. (1825); Porana racemosa
Roxb. Fl. Ind. 2:41. 1824; Sharma et al. in Bio.
Mem. 2 (1 & 2): 97. 1977. P. malabarica C. B.
Cl. in Hook. f. Fl. Brit. India 4: 223. 1883;
Cooke, Fl. Pres. Bombay 2: 294. 1958 (Repr.);
Singh et al., Fl. Maharashtra, Dicot. 2: 480.
2001.

Twiner, height 30-40 cm. Leaves 03-
06 x 02-04, alternate, ovate, margin entire,
acuminate apex, base deeply cordate, slightly
pubescent above, petiole 02 cm long. Stem
twinning, terete, pubescent. Inflorescence
panicle, leafy bracts. Flower pink in colour,
pedicel 01 cminlength, capsule 0.8 cm long.
Flowering and Fruiting: November-
December
Localities: Sadetin Rodaga, Indrai
Exsiccata: SDW-1045
Notes: It grow on soil rich moist places on hill
slopes.

Evolvulus alsinoides (L.) L. Sp. PI. ed. 2, 2:
392. 1762; C.B.Cl. in Hook. f. FI. Brit. India 4:
220. 1883; Cooke, Fl. Pres. Bombay 2: 297.
1958 (Repr.); Austin & Ghazanfarin Nasir & Ali,
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FI. W. Pak. 126: 32, f. 5, A-B. 1979; Austin in
Dassan. & Fosb. Rev. Handb. FI. Ceylon
1:309. 1980. Convolvulus alsinoides L. Sp. PI.
157.1753; Singh et al., FI. Maharashtra, Dicot.
2:453.2001.

Herb, height 15-20 cm. Leaves 01-1.8 x 0.4-
0.5 cm, alternate, elliptic, obovate, pubescent
on surface, apex acute, base acute, petiole 0.1
cm long, margin entire & ciliate. Stem sub erect
or prostrate, quadrangular, silky pubescent.
Flowers solitary, axillary, pedicel 1.5 cm long,
colourblue.

Flowering and Fruiting: July-December
Localities:Baladya, Sadetin Rodaga, Indrai,
Chandreshwari, Koldher

Exsiccata: SDW-23

Notes: It grows on gravelly hill slopes and in
rock crevices.

Ipomoea biflora (L.) Pers. Syn. PI. 1. 183.
1805; Ipomoea sinensis (Desv.) Choisy in
Mem. Phys. Soc. Geneve 6: 459.1834.
Convolvulus chinensis Desv. in Lam. Encycl.
3: 557. 1791. Ipomoea calycina C. B. Cl. in
Hook. f. FI. Brit. India 4: 201. 1883; Cooke, FI.
Pres. Bombay 2: 311. 1958 (Repr.); Singh et
al., Fl. Maharashtra, Dicot. 2: 471.2001.
Annual herb, prostrate or twining,
stem pilose, 2.4 cm in length. Leaves simple,
triangular to ovate, petiole 02-04 cm in length,
margin entire, cordate at base with round basal
lobes, 01 to 03 flowered cymose inflorescence,
corolla funnel shaped, white in colour, 06-08
mm long, ovary conical type, style short,
stigma purplish capsule globose, glabrous.
Flowering and Fruiting: October-December
Localities: Indrai, Sadetin Rodaga, Rawalya,
Chandreshwari
Exsiccata: SDW-1010
Notes: It grows inside bushes

I. cairica (L.) Sweet, Hort. Brit. 287. 1827;
Sant. in Rec. Bot. Surv. India 16(1): 193. 1953;
Naik, FIl. Marathwada 1: 586. 1998.
Convolvulus cairicus L. Syst. ed. 10: 922.
1759. Ipomoea palmate Forssk. FI.
Aeg.—Arab.43.1775; C.B.Cl. in Hook. f. FI. Brit.
India 4: 214. 1883; Singh et al., Fl
Maharashtra, Dicot. 2: 485. 2001.

Twiner, height 30-40 cm. Leaves 03-06 x 04-06
cm, alternate, palmately compound, cutinto 05
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deep lobes. Stem twinning, angular, branched.
Flowers colour violet, corolla funnel shaped,
4.5cmlong. Capsule 01 cm across.

Flowering and Fruiting: September-October
Localities: Chandreshwari, Baladya
Exsiccata: SDW-325

Notes: It grows on middle plateaus near old
walls.

I. eriocarpaR. Br. Prodr. 484.1810; C.B. Cl. in
Hook. f. FI. Brit. India 4: 204. 1883; Cooke, Fl.
Pres. Bombay 2: 312. 1958 (Repr.); Ooststr. in
Steenis, FI. Males. 1, 4: 462, f. 35. 1953; Austin
& Ghazanfarin Nasir & Ali, FI. W. Pak. 126: 41,
f. 6, A-B. 1979; Singh et al., Fl. Maharashtra,
Dicot. 2: 463.2001.

Twiner, height 0.5-01 m. Leaves 03-06 x 01-2.5
cm, pubescent on both surface, apex
acuminate, base cordate, petiole 01-03 cm
long, margin entire. Stem twinning, pubescent,
terete. Inflorescence axillary cyme, flowers
white in colour. Capsules 0.4 x 0.3 cm, densely
hairy at apex.

Flowering and Fruiting: September-October
Localities: Rajdher, Sadetin Rodaga,
Chandreshwari, Baladya

Exsiccata: SDW-890

Notes: It grows inside bushes.

I. hederifolia L. Syst. Nat. ed. 10. 925. 1759;
Austin & Ghazanfar in Nasir & Ali, FI. W. Pak.
126: 43. 1979. |. coccinea auct. non L. 1753;
C.B.ClI. in Hook. f. FI. Brit. India 4: 199. 1883.
Quamoclit coccinea Moench. Method. 453.
1795; Cooke, FI. Pres. Bombay 2: 330. 1958
(Repr.); Singh et al., FI. Maharashtra, Dicot. 2:
463.2001.

Twiner, height 0.5-1.3 m. Leaves 2.5-4.5 x 03-
05 cm, alternate, ovate, acumianate at apex,
cordate at base. Stem twinning, angular.
Flowers in lax cyme, red in colour, corolla 03
cmlong. Capsules 0.4 x0.4 cm.

Flowering and Fruiting: October-November
Localities: Chandreshwari

Exsiccata: SDW- 335

Notes: It twinning on branches of Acacia sp.

1. nil (L.) Roth, Cat. Bot. 1: 36. 1797; Ooststr. in
Steenis, Fl. Males. 1, 4: 465. 1953; Austin in
Dassan. & Fosb. Rev. Handb. Fl. Ceylon 1:
332.1980. Convolvulus nilL. Sp. Pl. ed. 2. 219.
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1762. Ipomoea hederacea auct. non Jacq.
1786; C.B.Cl. in Hook. f. FI. Brit. India 4: 199.
1883; Cooke, Fl. Pres. Bombay 2: 321. 1958
(Repr.); Singh et al., FI. Maharashtra, Dicot. 2:
465.2001.

Twiner, height 01-02 m. Leaves 05 x 04 cm,
alternate, ovate, acuminate apex, deeply
cordate base, petiole 04 cm long, upper
surface hairy, margin entire. Stem twinning,
soft, terete, pilose. Inflorescence 03-04
flowered cyme, peduncle 07 cm long, pedicel
01 cmlong. Flower colour magenta.
Flowering and Fruiting: September-October
Localities: Rawalya, Baladya, Sadetin
Rodaga, Chandreshwari, Rajdher.

Exsiccata: SDW-175

Notes: It grows inside Euphorbia sp.

I. ochracea (Lindl.) Sweet. Hort. Brit., ed. 2:
371 (1830); Convolvulus trichocalyx
Schumach. & Thonn. C.F.Schumacher, Beskr.
Guin. PI.: 91 (1827); I. clarkei Hook. f. FI. Brit.
India 4: 734. 1885; Cooke, Fl. Pres. Bombay 2:
314. 1958 (Repr.); Billore & Singh in Indian
Forester 98: 147. 1972; Singh et al., Fl.
Maharashtra, Dicot. 2: 460. 2001.

Twiner, prostrate, height 01-1.5m. Leaves 1.5-
2.5 x 1.5-02 cm, alternate, apex acuminate,
cordate base, pubescent on both surface,
petiole 01-1.5 cm long. Inflorescence axillary
01-02 flowered cyme, peduncle 02-3.5 cm in
length, pubescent, corolla yellow in colour, 3.5
cm long, funnel shaped.

Flowering and Fruiting: July-August
Localities: Baladya

Exsiccata: SDW-488

Notes: It hanging on cliffs.

I. obscura (L.) Ker—Gawl. Bot. Reg. 3, t. 239.
1837; C.B.Cl. in Hook. f. FI. Brit. India 4: 207.
1883; Cooke, Fl. Pres. Bombay 2:317. 1958
(Repr.); Naik, Fl. Marathwada 1: 591. 1998.
Convolvulus obscurus L. Sp. Pl. ed. 2: 220.
1762. Ipomoea curassavica All. Auct. Syn. 10.
1773; Dandy in Taxon 19: 622. 1970; Singh et
al., Fl. Maharashtra, Dicot. 2: 466. 2001.

Climbing herb, 01-1.5 m. Leaves 02-04 x 02-04
cm, alternate, orbicular, cordate at base,
acuminate at apex, hairy on both surfaces,
petiole 01-04 cm long, hairy. Stem erect,
branched, angular, hairy. Flowers axillary,
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peduncle 02-06 cm long, corolla white.
Flowering and Fruiting: August-January
Localities: Sadetin Rodaga, Koldher
Exsiccata: SDW- 721

Notes: It grows under shady places.

1. parasitica (Kunth) G.Don in Cooke, FI. Pres.
Bombay 2: 294. 1958 (Repr); Convolvulus
parasiticus Kunth. F.W.H.von Humboldt,
A.J.A.Bonpland & C.S.Kunth, Nov. Gen. Sp. 3:
163 (1819); Pharbitis parasitica (Kunth) V.M.
Badillo H.F. Pittier & al., Cat. FI. Venez. 2: 321
(1947).

Twiner, stem woody at base & herbaceous at
upper portion, cylindrical, hollow. Leaves
simple, alternate, 04-20 x 02-18 cm, shape
ovate, acuminate at apex, base cordate,
flowers axillary, inflorescence few flowered
cyme, peduncle hairy, up to 25 cm long,
capsules ovate to globular, seeds black in
colour, 04.

Flowering and Fruiting:September-October
Localities: Chandreshwari Plateau
Exsiccata: SDW- 268

Notes: It grows near seasonal ponds.

I. triloba L. Sp. Pl. 161. 1753; Ooststr. in
Steenis, Fl. Males. 1, 4: 468, f. 41. 1953;
Fernandes et al. in J. Bombay Nat. Hist. Soc.
52:661. 1954; Austin in Dassan. & Fosb. Rev.
Handb. FI. Ceylon 1: 341. 1980; Singh etal., FI.
Maharashtra, Dicot. 2: 472.2001.

Herb, height 01-02 m. Leaves 2.4-5.4 x 2.5-04
cm, alternate, triangular, three lobed, apex
acute, base cordate, margin entire. Stem
angular, twinning, hairy. Inflorescence axillary
cyme, flowers pink in colour, corolla 01-1.5 cm
inlength. Capsule 0.4 cmin length.
Flowering and Fruiting: September-
December

Localities: Chandreshwari Plateau.
Exsiccata: SDW-571

Notes:It grows in open grasslands

Rivea hypocrateriformis (Desr.) Choisy in
Mem. Soc. Phys. Geneve 6: 408. 1834; C. B.
Cl. in Hook. f. Fl. Brit. India 4: 184. 1883;
Cooke, Fl. Pres. Bombay 2: 323. 1958 (Repr.);
Austin & Ghazanfar in Nasir & Ali, FI. W. Pak.
126: 60, t. 8, D-E. 1979. Convolvulus
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hypocrateriformis Desr. in Lam. Encycl. 3: 561.
1792; Singh et al., FI. Maharashtra, Dicot. 2:
480.2001.

Climber, height 02-03 m. Leaves 1.5-3.5 x 02-
03 cm, alternate, upper surface glabrous,
lower surface pubescent, obtuse apex,
cordate base, undulate margin, petiole 01-02
cm

long. Stem stout, hairy, terete. Flower single,
white, calyx ovate-oblong in shape, apex
obtuse. Capsule 0.9-0.11 cmin diameter.
Flowering and Fruiting: September-October
Localities: Chandreshwari, Rahud Ghat
Exsiccata: SDW- 662

Notes:It grows inside Euphorbia sp.

Stictocardia tiliifolia (Desr.) Hallier. f. Bot.
Jahrb. Syst. 18: 159 (1893); I. campanulata L.
Sp. PI. 160. 1753; Cooke, Fl. Pres. Bombay 2:
316. 1958 (Repr.); Austin et al. in Brittonia 30:
196. 1978. |. campanulata var. illustris C. B. CI.
in Hook. f. Fl. Brit. India 4: 211. 1883. I. illustris
(C. B. Cl.) Prain, Bengal Pl. 2: 735. 1903;
Ooststr. In Steenis, Fl. Males. 1, 4: 485. 1953;
Naik, FI. Marathwada 1: 589. 1998.

Twiner, height 02-03 m. Leaves 07-10 x 05-08
cm, alternate, orbicular, acuminate apex, base
cordate, petiole 2.5 cm long, undulate margin,
leaf surface glabrous. Stem twinning, terete,
woody. Inflorescence axillary cyme, flowers
06-08 in number, corolla purple in colour with
dark centre, pedicillate, peduncle 06 cm long.
Flowering and Fruiting: September-October
Localities: Sadetin Rodaga, Koldher
Exsiccata: SDW- 1064

Notes: It grows near seasonal streams
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