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Abstract: The purpose of this study is to establish similarities
between two ideas - a hypothetical thought experiment and
a known fact. The study relies on the use of various functions
to mathematically quantify the different components of the
characteristic or voltage response curve and the operation
of the gas-filled detectors. A thought experiment was created
by taking into account an imagined particle to travel across
space in specific ways. Here, a comparison was made between
the characteristic curve and the imagined particle’s locus.

Keywords: Gas filled detectors; parabolic function; hyperbolic
function; locus; linear function

1. INTRODUCTION

In the quest to find new and
spectacular things, the inventive
and creative nature of humans has
produced wonders that have proven to
be extremely valuable and useful for the
welfare of mankind. The human brain is
naturally inclined to seek for answers
to questions in order to quell its mania
and internal conflict [1]. Sometimes in
doing so they seek to draw comparison
to show something, explain something,
or show distinct aspects of the beauty
of nature. Also the theory of everything,

a hypothetical framework that tends
to explains all observed physical
occurrences in the universe and asserts
that every event and phenomenon in the
cosmos isinterconnected, is a fascinating
theory of modern times [2]. Physicists
often try to explain complicated quantum
phenomenon with the happenings in the
classical world. In physics, analogies
are used frequently. It was adopted
by many Nobel laureates in physics,
physicists from different eras, practicing
and aspiring physics instructors, and
students [3]. To mention a few, in Sir
Bohr’s atomic model, electrons are
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arranged in energy levels that resemble
bookcase shelves [3], the “Plum-
Pudding” model of atom developed by
Sir ].J.Thomson [4], the planetary model
of atom based on the solar system [5],
the Nagaoka Saturnian atom model was
made up of revolving electron rings
[6, 7], the liquid drop model describes
the nucleus as an incompressible liquid
droplet, with nucleons acting as the
equivalent of molecules in a conventional
liquid drop with certain analogies [8], in
optical model, atomic nuclei behave like
cloudy crystal balls when they are struck
by a beam of particles, this interaction
is analogous to the behaviour of light
[9], with the help of the Sir Bohr’s
atomic model of electron energy levels,
the nuclear shell model describes the
atoms’ nuclei [10], etc. In this study,
the characteristic curve of the gas-filled
detectors and the locus of a hypothetical
particle were compared to provide
a new perspective using a thought
experiment. Since such an approach has
never been employed before, this study
may produce an intriguing approach of
connecting various ideas.

2. METHODOLOGY

The sole motive of this investigation
was to explain the mechanism
of operation and mathematical
illustration of the several segments of
the characteristic curve of gas-filled
detectors. This approach was chosen
in order to reach the best conclusion
possible, which would simplify as well
as abstractly describe the phenomenon.
To complement the analysis, a thought
experiment has been developed.

© 2022, St. Anthony’s College, Shillong

2.1 Thought Experiment

A hypothetical particle named
“Rangana” was created in this thought
experiment, which was designed to
move across space in any direction.
However, in this thought experiment,
only a few distinct ways of its movement
were considered. The figure 1 below
shows the various paths of “Rangana”
travelling in space.

Figure 1. The black dot is the hypothetical
particle “Rangana” created in the thought
experiment and it can take any path to travel
from point A to point B in space.

When the particle is moving from
point A to B, point C, D and the straight
path from A to B were chosen as shown
in Figure 1 from its travel history in
order to draw an analogy with the
characteristic curve of the gas filled
detectors. The analysis was furthered
by taking into account the path of the
particle “Rangana” in motion under
these specific circumstances. In order
to explain this, a two-dimensional plane
was considered with “X” and “Y” axis to
visualize the various paths of the particle
“Rangana” as shown in Figure 2 below.
The first condition is that the particle is
moving from point A to point B under
the restriction that its Y- coordinate is
constant.

02
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A ® - Particle "Hangana” B
) L]
v Cq -
A
" L
L_A !
X-Axis
Figure 2. A schematic representation

of the various paths of the hypothetical
particle “Rangana” created in the thought
experiment.

This represents a linear path of the
particle. Again, it is considered that
the particle is now moving from point
A to Point D under the restriction that
change in Y coordinate is proportional
to the change in X coordinate as shown
in the Figure 2 above. This represents
a proportional path of the particle.
“Rangana” is now moving from point A
to point C under the restriction that its
distance from a fixed point and from a
fixed line is always constant as shown
in Figure 2 above. This represents
parabolic path.

2.2 Gas Filled Detectors

Human senses are incapable of
detecting ionizing radiation. When the
energy of the radiation is greater than
the gas’s ionization potential, it will be
able to ionize the gas molecules [11, 12,
13]. The creation of charge pairs in this
manner allows for the application of
an external electric field to cause them
to travel in opposing directions. The
outcome is an electric pulse that can be

© 2022, St. Anthony’s College, Shillong
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detected by a measurement instrument
that is connected to it. The so-called
gas filled detectors were built using
this method [11,12,13]. There are three
different types of Gas-Filled detectors
-lonization = Chamber,  Proportional
Counter, and Geiger Muller Counter -
based on the principles of ionization,
impact ionization, Townsend avalanche,
and chain of avalanche. A characteristic
curve explains the function of various
gas filled detectors using the applied
voltage and pulse amplitude as the
variable parameters.

- DE

Saturation Region - BC

Recombination Region - OB
G M Region - EF

Amplitude of Output Pulse
(Arbitary Units)
Proportional Region -
Limited Proportional Region

0 B C D T F
Applied Voltage (Volt)

Figure 3. The representation of the various
sections of the gas filled detectors - the
Characteristic curve.

From the Figure 3 above the following
descriptions of the characteristic curve
is drawn.

1. Region OB - Recombination region:
lIons are created in this region, and
because the voltage is so low, they
combine again. Charges begin to
accumulate and produce counts at
higher voltages.

2. Region BC - Saturation region: No

03
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additional charges are available for
collection in this area. Thus, there is
a plateau.

3. Region CD - Proportional region:
Due to the increased voltage that
is being delivered in this region,
charges are propelled more toward
electrodes. Diverging Avalanche is
created in this region [11,13]. Gas
multiplication increases linearly
with applied voltage.

4. Region DE-Limited Proportional
region or Nonlinear region: Due
to the poor mobility of the positive
charges, a space charge barrier of
positive charges is generated around
the anode [11]. The net electric
field is consequently diminished.
Because of this, the nature of gas
multiplication is non-linear with
applied voltage.

5. Region EF - Geiger Muller region:
Multiple avalanches are created
as a result of the extremely high
applied voltage since UV radiation
predominates in this region and the
condition of criticalityisalsoattained
[11,13]. All counts for radiation and
energy remain constant since the
chain of avalanches stops when it
reaches a specificheight[11,13].Asa
result, the output signal’s amplitude
never changes.

2.3 Mathematical Representation

Region OB- Recombination region:

© 2022, St. Anthony’s College, Shillong
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N » V(0.0) 5 {a.0)-Focus
a - a > a-FocalLength

Pix, v)— Arbitrary
Point onthe locus
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Figure 4. Representation of the path of a
particle “Rangana” tracing a parabolic path
which explains the recombination region.

From the Figure 4, it is evident that,
when,

M=o (Parabola)
PS PS
PM

PM
25 1E > 1 (Hyperbola)

PM PM .
s < 1E <1 (Elllpse)

PM PM .
—=0—=0 (Circle)
PS PS

Maximum recombination occurs

at low voltage; as voltage rises, more
ions are created and those ions have
enough energy to migrate toward the
appropriate electrodes and produce an
electrical signal [11]. Recombination
therefore = diminishes as  voltage
rises, and signals are produced that
are graphically represented as the
recombination zone in Figure 3 above.
This has been taken into account that any
imaginary particle “Rangana” is tracing a

04
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parabolic route that follows the equation
in order to mathematically explain
this graphical representation of the
recombination region. Mathematically:

y = f(x) = VAx ;{0 < x <B}--(a)

Where the applied voltage between
the electrodes is represented by the
x-coordinate, the pulse amplitude is
represented by the y-coordinate, and “A”
is a constant. Hence, the above equation
defines the locus of (X, y) co-ordinate in
the graph. A locus is described as the
path taken by a point when it moves in
accordance with a particular rule. This
indicates that the derived curve for the
recombination zones adheres to a rule,
or parabolic path, that is defined by
the parabolic equation (a) above. The
parabolic path can be mathematically
represented as: for example, in the Table
1 below, the value of y can be obtained
by substituting arbitrary positive values
of x in the right-hand side 20x i.e., the
equation y = 20x.

Table 1. Table showing the input &
output values (arbitrary values).

INPUT OUTPUT
1 2
2 2.828
3 3.464
4 4

The set of input values for a
relation is called the Domain and the
set of output values is called the Range.
Relation is a pairing of input values with
output values. It can be shown as a set of
ordered pairs (x, y) where x is an input
and y is an output as explained in Figure

© 2022, St. Anthony’s College, Shillong
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5 below.

Parabolic path

Particle "Rangana'"

1~

Figure 5. Representation of the parabolic
function explaining the curvature described
by the path of particle “Rangana”.

Region BC - Saturation region:

When the voltage becomes sufficient
to cause complete collection of all
the charges produced i.e. negligible
recombination, the above Figure 3
enters a plateau called saturation region
which can be explained by the equation
given below.

y=c;{B=x =C} --(b)

Where, ¢ is a constant. This
means whatever may be the value of x
(applied voltage); y (pulse amplitude)
remains constant which implies no
recombination neither multiplication.
[onization chamber operates in this
saturation region where voltage
fluctuations plays negligible role [11].
Here it means that the obtained curve
for the saturation region or ionization
region follows a rule i.e. a constant path
which is defined by the above equation
or a function called constant function.
The signal produced by the ionization
chamber is quite weak, thus additional
electronic devices are needed to obtain a
good electrical signal. Additionally, as the

05
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signal is amplified, noise level increases,
which is a significant disadvantage [11].
The linear path can be mathematically
represented as: for example, in Table
2 given below, the value of y which is
always equal to the constant value c as
represented in Figure 6 below.

Table 2. Table showing the input &
output values (arbitrary values).

INPUT OUTPUT
1 c
2 c
3 c
4 c
< y=C =’
E’ 0,0 ’
Q>

Figure 6. Representation of the Constant
function explaining the straight-line path
described by the path of particle “Rangana”.

Region CD - Proportional region:

A proportional counter depicts
a sub-critical condition where gas
multiplication occurs [13] but follows
a rule; for example, when voltage rises,
signal amplitude rises by a fixed amount,
known as the amplification factor.

Mathematically, the voltage pulse
is directly proportional to the total
number of charges generated because
the amplification factor is constant.
Therefore, it can be concluded that

© 2022, St. Anthony’s College, Shillong

mathematically, voltage pulse is
directly proportional to the detected
photon energy. In light of this, the
term “proportional counter” [13].
Proportional relationship can be
mathematically represented as: for
example, in the Table 3 below, the value of
y can be obtained if multiplied by 4 with
the corresponding value of x. It shows
a one-to-one relationship & it takes the
form; y = kx, where k is the constant of
proportionality i.e., the equation y = 4x
as shown in Figure 7 below.

Table 3. Table showing the input &
output values (arbitrary values).

INPUT OUTPUT
1 4
2 8
3 12
4 16
Hence, it is «clear that the

proportional region follows the function
defined below which is a linear function.
Mathematically,

yv=kx,{C=x=D} - (c)

¥ = dx
1.
1
oo ] e
16

Figure 7. Representation of the linear
function explaining the proportionality
relation described by the path of particle
“Rangana”.
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Region EF - Geiger Muller region:

When the voltage and electric field
becomes sufficient enough to produce
Geiger discharge the above curve enters
a plateau called GM region which can
be explained by the function called a
constant function given bellow;

ee- (d)

y = d (constant) means whatever
may be the value in x-axis, value in
y-axis remains constant. This explains
that in the GM region the signal is
independent of the primary ions
produced and the output pulse remains
constant as predicted by the path of
Particle “Rangana”. The linear path
can be mathematically represented as:
for example, in Table 4 given below,
the value of y which is always equal to
the constant value d as represented in
Figure 8 below.

v=d;{E<x=<F}

Table 4. Table showing the input &
output values (arbitrary values).

INPUT OUTPUT
1 d
2 d
3 d
4 d
ol y=d ='
5, o0 ’
Q7

Figure 8. Representation of the constant
function explaining the straight-line path
described by the path of particle “Rangana”.

© 2022, St. Anthony’s College, Shillong
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Linear Path of "Rangana”

Parabolic Path of "Rangana"

Linear Path of "Rangana"
Integrated Path of "Rangana”™

Amplitude of Output Pulse
(Arbitary Units)
This Region is not considéred

Proportional Path of \

B T D F F

Applied Voltage (Volt)

Figure 9. The schematic representation of
the integrated locus of the particle “Rangana”
takes the form of the characteristic curve of
the gas filled detectors.

Thus, the mathematical explanation
of the various regions of the gas filled
detectors matches with the integrated
locus of the imaginary particle “Rangana”
created in the thought experiment
which is pictorially demonstrated in
the Figure 9 except the region of limited
proportional region or non-linear region.

This study also tried to explain
mathematically the cylindrical ionization
chamber again considering the locus of
the imaginary particle “Rangana”. The
increase in electric field near the anode
because of the geometry of a cylindrical
chamber can be expressed by using a
hyperbolic function [14]. But here the
electric field is constant throughout the
length of the anode wire on its either side
[15] as beautifully depicted in the Figure
10. Hence to represent such nature
of the field a rectangular hyperbolic
function is required which is given
by the equation,v = +hvx2 — g2 /a
y = +hvx2 — g2 fa, as a=b, the
equationcanbewrittenas x? — y? = q?

x2 —y? =qa?.
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Cathode

Display —‘

High voltage

Rectangular Hyperbolic
Electric Field

Figure 10. Pictorial Representation of
the concept of detection of radiation in a
cylindrical chamber showing the hyperbolic
electrical field based on the locus of
“Rangana”.

3. RESULTS AND DISCUSSION

This study revealed a simple
and abstract way of explaining the
characteristic curve of the gas-filled
detectors based on a thought experiment
which successfully compared and the
locus ofa hypothetical particle “Rangana”
in order to offer a fresh viewpoint.
In this study the recombination
region was described by a parabolic
function, the ionization and Geiger
regions by constant functions and the
proportional region by a linear function.
A rectangular hyperbolic function was
used to describe the electric field in a
cylindrical chamber in addition to the
explanation of the characteristic curve.
Other mathematical techniques can also
be tried in future. Since the region of
limited proportionality is not necessary
for the dosimetry requirement in
the field of radiation oncology and is
also not necessary for the purpose of
radiation survey in any installation
where radioactive sources or radiation
generating machines were used.

© 2022, St. Anthony’s College, Shillong

Thus, the mathematical explanation of
the region of limited proportionality
was not attempted here. But the limited
proportional region which was not
described here can be tried using a
suitable non linear function or any other
mathematical techniques.

4. CONCLUSION

In accordance with our prediction,
the characteristic curve was uniquely
explained by the triptychs of gas-filled
detectors, a thought experiment and
various mathematical functions based
on the movement of the imagined
particle “Rangana”. Thus, adding a new
dimension to the explanation of the gas
filled detectors.
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1. INTRODUCTION

Benzoxanthenones,
containing a  xanthene skeleton
are important biologically active
compounds which are known to
possess analgesic [1], antiviral [2],
antibacterial[3] and anti-inflammatory
properties [4]. These compounds have
also been established as antagonists for
paralyzing the action of zoxazolamine
[5] and in photodynamic therapy
[6]. Furthermore, these heterocyclic
compounds have found applications
in industries such as fluorescent dyes
[7], in laser technology [8] and as pH
sensitive fluorescent materials for
visualization of biomolecules [9]. Their

compounds
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of benzoxanthenone derivaties in good to excellent yields.

,0,; Benzoxanthenone; Microwave Irradia-

tion; Ethanol; One-pot synthesis.

broad utility range have made these
xanthene scaffolds synthetic targets,
thereby, increasing the need to devise
and design newer synthetic routes for
exploitation of these structural moieties.
Therefore, their synthesis occupies as a
subject of immense interest to synthetic
chemists and has achieved prominence
in synthetic, organic as well as medicinal
chemistry.

The general strategy to synthesize
xanthenone scaffolds involves the
multi-component  condensation  of
aromatic aldehydes, f[-naphthol and
cyclic 1,3-dicarbonyl compounds such
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as dimedone or cyclohexanedione in the
presence of a catalyst or reagent. Several
catalysts [10-29] have been established
in affecting this synthesis. Although
these synthetic strategies have their own
advantage and are quite useful, they are
often confronted with drawbacks such
as harsh reaction conditions, laborious
work-ups, expensive catalysts and the
use of toxic organic solvents. Steering
clear of these limitations has inspired
to develop an efficient method involving
catalytic recyclability, simple work-
up procedure and the use of non-toxic
organic solvents for the preparation of
benzoxanthenone and its derivatives
under mild and practical conditions.
Because of the growing interest in faster,
greener organic reactions, microwave
irradiation has come out as an attractive
technology and has been successfully
exploited in carrying out many synthetic
organic reactions both in solvent and
solvent-free conditions [30]. While
microwave irradiation has remarkably
reduced reaction times, it has also been
a source which enhances the product
yields and product purities by reducing
unwanted side reactions compared to
the same chemistry using conventional
heating methods [31].

KF-AlL O, has emerged as a versatile
solid-support  catalyst in organic
syntheses, the applications of which
have offered many advantages including
mild reaction conditions, cleaner
reactions, shorter reaction times, lower
catalyst loading, ease of handling and
especially catalyst recyclability. The use
of microwave technology in combination
withsolid-supportcatalystsis productive
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to a chemist by providing ease of workup
procedure by simple filtration and that
the combinations of supported reagents
can be added without interaction
between them. Hence, the importance
to develop such methods for sustainable
chemistry is of great importance to
synthetic organic chemists.

2. EXPERIMENTAL

In continuation of our work to
explore newer methodologies for
the synthesis of heterocycles [32],
we wish to report herein a one-pot
reaction of aromatic aldehydes (1),
B-naphthol (2) and dimedone (3) in
the presence of KF-ALO, as catalyst
in ethanol under microwave to afford
the benzoxanthenones (4) (Scheme 1).
Non-usage of organic solvents in these
reactions in organic synthesis gives
way to a clean, efficient, practical and
economical/cost-effective  technology
due to the increased safety, simplicity of
work-up and cost reduction.

_KFALO,
“CH,0H MW

Scheme 1: Three-component synthesis
of benzoxanthenone derivatives

All the melting points were taken
by open capillary method and were
uncorrected. The 'H and *C NMR were
recorded on Bruker AVANCE II 400 and
Bruker Av III HD-300 MHz FT-NMR
spectrometer with tetramethylsilane
(TMS) as the internal standard using
CDCl, and (CD,),SO as the solvents.
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The infra-red (IR) spectra were
obtained wusing Perkin-Elmer FT-IR
spectrophotometer. The mass spectra
were recorded on Waters ZQ-4000
equipped with ESI and API mass
detector. The Carbon, Hydrogen and
Nitrogen (CHN) analysis was done on
Perkin-Elmer PE 2400 Series Il machine.
The thin layer chromatography (TLC)
was performed using the Merck were
visualized wunder iodine chamber
or by precoated TLC plates and the
components exposure or by the acidic
potassium  permanganate (KMnO,)
spray technique. All the chemicals
and reagents obtained commercially
were used directly without further
purification as otherwise prepared
according to standard literature
procedures.

Solvents were dried prior to use
following standard procedures in the
literature.

2.1 General experimental procedure
for the preparation of Benzo[a]
xanthene-11-ones:

KF-ALO, (10 mol%) was added to
a mixture of aldehyde (1), (1 mmol),
B-naphthol (2) (1 mmol) and dimedone
(3) (1 mmol) in ethanol (2 mL). The
reaction was reacted under microwave
irradiation for 15 - 25 minutes. On
completion of the reaction (monitored
by thin layer chromatography), the
catalyst was separated from the reaction
mixture by filtration through a celite
bed and thoroughly washed with ethyl
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acetate. The combined organic extract
was removed by evaporation under
reduced pressure and the resulting
benzoxanthenone derivatives (4) were
obtained in pure form after column
chromatography on silica gel using ethyl
acetate-hexane as eluent.

3. RESULTS AND DISCUSSION

4-Chlorobenzaldehyde (le),
B-naphthol (2) and dimedone (3) were
selected as the representative substrates
to investigate the reaction conditions.
In an initial endeavour, a mixture
of 4-chlorobenzaldehyde (1e) (1.00
mmol), f-naphthol (2) (1.00 mmol) and
dimedone (3) (1.00 mmol) in ethanol
was heated at 40°C in the presence of
KF-ALO, (30 mol%) for 24 h and the
desired product, 12-(4-chlorophenyl)-
9,9-dimethyl-9,10-dihydro-8H-benzo[a]
xanthen-11(12H)-one (4¢€),was obtained
in56%yield (entry 1, Table 1). In the next
set, on refluxing the equivalent reaction
mixture for 24 hours, the product 4e
resulted with a fair yield of 79% (entry
2, Table 1). On the other hand, when the
reaction was executed under microwave
in the presence of KF-ALO, (10mg, 5
mol%) in ethanol for 10 minutes, the
desired product 4e increased to a higher
yield of 87% (entry 3, Table 1). On
further optimization of the catalyst load,
it was found that the use of 10 mol% of
KF-ALO, was optimal which produced
4e with maximum yield of 92% in 20
minutes (entry 4, Table 1) and further
increasing the load of catalyst did not
give a better yield of the product.

13



Kharbangar (2022) : KF-Al,0, catalyzed One-Pot Synthesis of Benzo[a]xanthene-11-ones

Table 1: Optimization of the catalyst
with product 4e.

Cl 0
OH
OO0 A — O
0
H7X0
1€ 2 3

. . . Yield?
Entry Reaction Conditions  Time %)
KF-AL O, (30 mol%),
273
1 EtOH, heat 24h 26
KF-AL 0O, (30 mol%),
273
2 EtOH, reflux 24h 79
3 KF-ALO, (5 mol%), 1.0 87
EtOH, MW mins
4 KF-ALO, (10 mol%), 2.0 92
EtOH, MW mins
solated Yield

To investigate the feasibility of
reuse of the catalyst, the KF-ALO,
which is obtained after (filtration
from the previous reaction was
thoroughly washed with ethyl acetate,
dried and reused for the reaction of
4-chlorobenzaldehyde (1e), f-naphthol
(2) anddimedone (3). The reaction
could satisfactorily furnish the product
12-(4-chlorophenyl)-9, 9-dimethyl-9,
10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4e) with 89% yield. The
recyclability of the catalyst was further
established when it was found to show
good activity even after the fourth
run without substantial drops in the
product yield (Table 2).

© 2022, St. Anthony’s College, Shillong

Table 2: Recyclability results of KF-
Al 0, with 4e.

Entry Reaction Conditions Time Yield

(mins) (%)
KF-AL O, (recycled
273
1 once), EtOH 25 89
KF-ALO, (recycled
2 twice), EtOH 25 84
KF-AL O, (recycled
273 b
3 thrice), EtOH 30 79
KF-AlL O, (recycled
273 b
4 four times), EtOH 40 76
[solated yield. PPurified by
chromatography
Aided by these results, different

substituted aromatic aldehydes were
engaged and a series of 12-aryl-9,9-
dimethyl-9,10-dihydro-8H-enzo[«]
xanthen-11(12H)-ones (4) was prepared
under the optimized reaction conditions
(Table 3). Without taking account of
the presence of electron-donating
or electron-withdrawing groups on
the ortho-, meta- or para-positions of
the ring of the aromatic aldehyde, all
reactions proceeded smoothly and
afforded the corresponding products in
good to excellent yields (entries 4a - o,
Table 3) in 15 - 25 minutes. Halogen-
substituted aldehydes participated
very well and reacted with f-naphthol
(2) and dimedone (3) to afford the
desired products in 15 - 25 minutes
with excellent yields (entries 4b - f,
Table 3, 85 - 92%). The reactions
involving aldehydes bearing hydroxyl or
nitro groups also proceeded smoothly
and furnished their corresponding
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benzoxanthenones (entries 4g - j, Table
3, 78 - 89%). Even unsubstituted or
other aldehydes bearing cyano, methoxy
and methyl groups also underwent
reactions efficiently with (2) and (3)
and gave the corresponding products in
high yields (entries, 4a, 4k-m, Table 3).
The present method was also extended
to disubstituted aldehydes such as
4-hydroxy-3-methoxybenzaldehyde
(In) and 3,4-dihydroxybenzaldehyde
(1o0) and their reaction with (2) and (3)
availed the products (4n) and (40) with

ISSN: 2349 2937

68-70% yield respectively.

The mechanistic route for the
benzo[a]xanthen-11-one derivatives
(4) is believed to proceed through the
formation of the intermediate (5), by the
nucleophilicaddition of f-naphthol (2) to
the protonated aldehyde (1) catalyzed by
KF-ALO,. Subsequent Michael addition
of dimedone (3) to the in situ formed
intermediate (5) afforded the cyclic
hemiketal (6) which on dehydration
gave the product 4 (Scheme 2).

R
O
5

OH

)Ot)
RS “H
1 R
YOLH H
o KFALO, o
g o=
2

Table 3: Three-component synthesis of Benzo[a]xanthen-11-one derivatives.

Entry Substrate (1) Time (mins) Product (4)° Yield? (%)
1 C,H, (1a) 20 4a 89
2 3-BrC.H, (1b) 25 4b 85P
3 4-BrC.H, (1¢c) 15 4c 88
4 2-CIC,H, (1d) 20 4d 87"
5 4-CIC,H, (1e) 20 4e 92
6 4-FC.H, (1f) 25 4f 90
7 2-OHC.H, (1g) 20 4g 81°
8 4-HOC,H, (1h) 20 4h 78P
9 3-NO,CH, (1i) 20 4i 89

© 2022, St. Anthony’s College, Shillong

15



Kharbangar (2022) : KF-Al,0, catalyzed One-Pot Synthesis of Benzo[a]xanthene-11-ones

10 4-NO,C H, (1))
11 3-NCC H, (1k)
12 4-CH,0C H, (11)
13 4-CH,CH, (1m)
4-OH-3-CH,0C,H
3 6 3
14 (1)

15 3,4-(HO),C.H, (10)

4
4k
41

4m

4n

40

86°
70
82b
85°

68°

70b

[solated yield. "Purified by column chromatography.cStructure shown in Fig. 1.

4m’ 85%

Figure 1: Synthesized Benzo[a]xanthene-11ones

© 2022, St. Anthony’s College, Shillong

4n° 68%
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3.1 Spectroscopic data:

The synthesized products were
characterized from their'HNMR, *3C
NMR, FT-IR and MS analyses.

9,9-dimethyl-12-phenyl-9,10-
dihydro-8H-benzo[a]xanthen-
11(12H)-one (4a)mp 150°C - 152°C; 'H
NMR (CDCL,, 400 MHz): § 1.01 (s, 3H),
1.08 (s,3H),2.12 (d,/=12.8 Hz, 1H), 2.20
(d,J =16.4 Hz, 1H), 2.28 (s, 2H), 5.79 (s,
1H), 6.29 (t, J = 14.8 Hz, 1H), 6.49 (d, J
= 7.6 Hz, 1H), 6.67 (d, /] = 10.8 Hz, 1H),
6.70-7.08 (m, 5H), 7.37-7.52 (m, 2H),
7.72-7.78 (m, 1H) ppm; **C NMR (CDCL,,
100 MHz): ¢ 27.0, 31.3, 37.1, 42.1, 49.4,
106.4, 118.0, 122.9, 123.3, 124.9, 125.4,
126.9,127.8, 128.0, 128.2, 129.4, 133.9,
144.5,151.4,163.4,196.6 ppm; IR (KBr):
1054, 1149, 1228, 1374, 1602, 2957,
3062 cm; Mass (ES+) calcd. for C, .H,.O

25772572
354.4; found m/z 355.8 [M + H]']"; Anal.
calcd. for C,_.H,.0.: C, 84.72; H, 6.26 %j;

257725 2"

found: C, 84.69; H, 6.22 %.

12-(3-bromophenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4b) mp 166°C - 170°C; 'H
NMR (CDCL,, 400 MHz): § 1.17 (s, 3H),
1.26 (s, 3H), 2.32 (d, ] = 16.8 Hz, 1H),
243 (d, ] = 17.6 Hz, 1H), 2.66 (s, 2H),
5.76 (s, 1H), 6.93 (d,/ = 7.2 Hz, 1H), 7.00-
7.19 (m, 5H),7.41(d,/=7.2 Hz, 1H), 7.53
(s, 1H), 7.61 (t,]/ = 7.6 Hz, 1H), 7.79 (d, ]
= 8.4 Hz, 1H) ppm; *C NMR (CDCl,, 100
MHz):627.7,28.7,37.8,43.2,50.7,121.8,
124.2,126.1, 126.4, 126.6, 126.7, 127.2,
127.4,129.7, 130.0, 130.3, 130.5, 130.8,
131.7, 131.8, 196.8 ppm; IR (KBr): 764,
1055, 1118, 1228, 1373, 1471, 1649,
2958, 3068 cm'; Mass (ES+) calcd. for

© 2022, St. Anthony’s College, Shillong
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C,.H,,Br0O, 433.3; found m/z 456.0 [M

+ Na]']"; Anal. calcd. for C,.H, BrO,: C,

69.29; H, 4.88 %; found: C, 69.58; H, 4.75
%.

12-(4-bromophenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4c) mp 186°C - 188°C; 'H
NMR (CDCI,, 400 MHz): 6 0.97 (s, 3H),
1.09 (s,3H),2.10 (d,/=17.6 Hz, 1H), 2.31
(d,/=17.6 Hz, 1H), 2.57 (s, 2H), 5.93 (5,
1H), 6.80-6.87 (m, 4H), 7.21 (t,/ = 8.4 Hz,
1H), 7.30 (d, / = 8.4 Hz, 1H), 7.44 (t, ] =
7.6 Hz, 1H), 7.54 (t, ] = 8.0 Hz, 1H), 7.71
(d,J =8.4 Hz, 1H), 8.23 (d,/ = 8.4 Hz, 1H)
ppm; *C NMR (CDCl,, 100 MHz): 6 31.8,
36.1,38.0,42.2,51.4,103.8,119.7,123.9,
124.4,124.7, 124.9, 126.5, 129.9, 130.7,
132.1, 133.4, 148.2, 150.7, 194.3 ppm;
IR (KBr): 798, 1011, 1145, 1370, 1604,
1655, 2887,2960 cm*; Mass (ES+) calcd.
for C,.H, BrO, 433.3; found m/z 434.1

257721
[M + H]']"; Anal. calcd. for C,.H, BrO.:
C, 69.29; H, 4.88 %; found: C, 69.45; H,
4.63 %.

12-(2-chlorophenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4d)mp 180°C - 182°C;
'H NMR (CDCl,, 300 MHz):5 0.95 (s, 3H),
1.06 (s,3H),2.02 (d,/=14.1 Hz, 1H), 2.43
(d,/ = 14.1 Hz, 1H), 2.52 (s, 2H), 5.62 (5,
1H), 7.06-7.24 (m, 5H), 7.28-7.31 (m,
3H), 7.35-7.39 (m, 2H) ppm; C NMR
(CDCl,, 100 MHz):6 27.8,31.8,32.3, 42.4
50.4, 100.6, 109.2, 114.6, 125.2, 125.8,
126.4, 128.4, 129.0, 129.4, 130.2, 132.3,
132.8, 137.4, 140.1, 167.1, 187.8, 195.6
ppm; IR (KBr): 745, 1072, 1230, 1383,
1610, 1641, 2957, 3065 cm™; Mass
(ES+) calcd. for C,.H,,ClO, 388.8; found

257721

m/z 389.8 [M + H]']"; Anal. calcd. for
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C25H21C102: C,77.21; H, 5.44 %; found: C,

77.25; H, 5.42 %.

12-(4-chlorophenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4e) mp 186°C - 188°C; 'H
NMR (CDCI,, 400 MHz): 6 1.01 (s, 3H),
1.09 (s,3H),2.19(d,/=16.0 Hz, 1H), 2.26
(d,J = 16.4 Hz, 1H), 2.64 (s, 2H), 5.05 (s,
1H,), 7.03 (d, J = 8.4 Hz, 1H), 7.10-7.16
(m, 3H), 7.43-7.46 (m, 3H), 7.51 (t,/= 7.6
Hz, 1H), 7.71 (d,/ = 8.0 Hz, 1H), 8.19 (d, J
= 8.0 Hz, 1H) ppm; *C NMR (CDCI,, 100
MHz):627.5,32.3,37.9,41.5,50.8,113.3,
119.2,121.1, 123.7, 124.7, 126.5, 126.8,
127.7,128.5, 129.6, 132.2, 133.2, 144.1,
144.3,164.3,197.0 ppm; IR (KBr): 1052,
1176, 1227,1370, 1646, 2960, 3049 cm
'; Mass (ES+) calcd. for C,.H,,Cl0, 388.8;

257721
found m/z 389.8 [M + H]"']"; Anal. calcd.
for C25H21C102: C,77.21; H, 5.44 %; found:
C,77.22; H, 5.42 %.

12-(4-fluorophenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4f) mp 185°C - 187°C; 'H
NMR (CDCI,, 400 MHz): 6 0.98 (s, 3H),
1.18 (s, 3H), 2.11-2.32 (m, 4H), 6.22 (s,
1H), 6.55 (d, ] = 7.6 Hz, 1H), 6.66 (d, ] =
7.2 Hz, 1H), 6.97 (t,] = 8.4 Hz, 1H), 7.14-
7.19 (m, 4H), 7.46 (t, ] = 6.8 Hz, 1H),
7.75 (d, ] = 8.0 Hz, 1H), 8.19 (d, /] = 8.0
Hz, 1H) ppm; “*C NMR (CDCI,, 100 MHz):
6 28.6, 30.8, 39.9, 106.4, 114.5, 114.7,
121.7,122.8, 124.5, 124.7, 124.8, 126.3,
129.6, 131.7, 135.7, 151.3, 159.5, 161.9
ppm; IR (KBr): 838, 1026, 1155, 1256,
1369, 1505, 1587, 1601, 2959, 3068 cm
'; Mass (ES+) calcd. for C,.H, FO,372.1;

257721
found m/z 373.4 [M + H]']; Anal. calcd.
for C,;H, FO,: C, 80.62; H, 5.10 %); found:

C, 81.03; H, 5.06 %.

© 2022, St. Anthony’s College, Shillong

12-(2-hydroxyphenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4g) mp 208°C - 210°C; 'H
NMR (CDCI,, 400 MHz): 6 1.18 (s, 3H),
1.25 (s, 3H), 2.13 (d, J = 12.4 Hz, 1H),
2.40 (d, J = 11.2 Hz, 2H), 2.59 (s, 2H),
5.60 (s, 1H), 6.73 (d, /= 8.0 Hz, 1H), 6.87
(d,J = 8.8 Hz, 1H), 7.07 (d,] = 7.6 Hz, 1H),
7.23 (d, ] = 8.4 Hz, 1H), 7.41-7.46 (m,
4H), 7.69 (d,J = 7.2 Hz, 1H), 8.24 (d, ] =
8.0 Hz, 1H), 8.57 (s, 1H) ppm; *C NMR
(CDCL,, 100 MHz): 6 28.5, 32.4, 35.9,
47.8, 54.1, 114.2, 118.9, 119.9, 120.7,
123.5, 124.0, 124.6, 126.3, 126.6, 126.9,
127.9,129.7, 131.9, 133.7, 144.7, 154.6,
204.5 ppm; IR (KBr): 1000, 1171, 1256,
1380, 1516, 1574, 1616, 1705, 2967,
3021 cm™; Mass (ES+) calcd. for C,_H, O

25772273
370.4; found m/z371.1 [M+H]1; Anal.
calcd. for C,_H,.O.: C, 81.06; H, 5.99 %;

25772273°

found: C, 81.56; H, 5.79 %.

12-(4-hydroxyphenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4h) mp 224°C - 226°C; 'H
NMR (CDCI,, 300 MHz): 6 1.09 (s, 3H),
1.15(s,3H),2.27 (d,J=16.5 Hz, 1H), 2.34
(d,/ =16.2 Hz, 1H), 2.63 (s, 2H), 4.77 (s,
1H), 5.06 (s, 1H), 6.62 (d, ] = 8.4 Hz, 1H),
7.09-7.15 (m, 4H), 7.47-7.59 (m, 3H),
7.77 (d,] = 8.1 Hz, 1H), 8.25 (d, ] = 8.4 Hz,
1H) ppm; *C NMR (CDCl,, 100 MHz): §
28.2,31.2,36.4,40.5,49.9,112.8, 114.3,
119.3,119.9, 122.6, 123.3, 125.2, 126.1,
126.6, 128.0, 131.9, 136.0, 142.8, 154.5,
163.0, 196.1 ppm; IR (KBr): 1057, 1178,
1228,1370, 1574, 1625, 2958, 3409 cm
1. Mass (ES+) calcd. for C,_H. O, 370.4;

25772273
found m/z 371.0 [M + H]']"; Anal. calcd.
for C,_H,.O.: C, 81.06; H, 5.99 %; found:

257722737

C,81.43; H, 5.85 %.
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9,9-dimethyl-12-(3-nitrophenyl)-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4i) mp 169°C - 171°C; 'H
NMR (CDCl,, 300 MHz): 6 1.10 (s, 3H),
1.18(s,3H), 1.68 (s, 2H), 2.26 (d,/=16.5
Hz, 1H), 2.35 (d,/=16.2 Hz, 2H), 5.26 (s,
1H), 7.09 (d, ] = 8.7 Hz, 1H), 7.41 (t,] =
7.8 Hz, 1H), 7.52-7.63 (m, 3H), 7.69 (d,
J = 7.8 Hz, 1H), 7.79 (d, ] = 7.8 Hz, 1H),
7.98-8.02 (m, 1H), 8.11 (s, 1H),8.29 (d,J
= 8.1 Hz, 1H) ppm; “*C NMR (CDCI,, 100
MHz): 6 27.5, 38.3, 41.5, 50.7, 112.5,
118.1,121.1,121.7,123.0, 123.7, 125.0,
126.4,126.7,126.8,127.7,129.2,133.3,
134.5, 144.1, 147.8, 148.4, 196.9 ppm;
IR (KBr): 808, 1052, 1177, 1225, 1370,
1473, 1528, 1655, 2960, 3058 cm™;
Mass (ES+) calcd. for C,.H, NO, 399.4;

257721
found m/z400.1 [M + H]']; Anal. calcd.
for C,.H, NO,: C, 75.17; H, 5.30; N, 3.51

%; found: C, 75.24; H, 5.26; N, 3.47 %.

9,9-dimethyl-12-(4-nitrophenyl)-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (4j) mp 179°C - 182°C;
'H NMR (CDCL,, 300 MHz): & 1.03 (s,
3H), 1.24 (s, 3H), 2.38 (d, J = 11.1 Hz,
1H), 2.45 (d, J = 12.3 Hz, 1H), 2.53 (s,
2H), 5.55 (s, 1H), 6.71 (d, ] = 8.7 Hz,
1H), 7.23-7.33 (m, 5H), 7.46-7.51 (m,
1H), 8.14 (d, / = 8.7 Hz, 1H), 8.18-8.22
(m, 2H) ppm; *C NMR (CDCI, 100
MHz): & 28.4, 32.2, 36.9, 45.3, 53.7,
113.8,120.2,122.5,124.7,125.3,126.0,
126.6,129.9, 132.3, 125.5, 188.6, 189.9
ppm; IR (KBr): 852, 1065, 1167, 1252,
1375, 1512, 2959, 3063 cm™; Mass
(ES+) calcd. for C,.H, NO, 399.4; found

257721
m/z 400.3 [M + H]']"; Anal. calcd. for
C,.H,NO,: C, 75.17; H, 5.30; N, 3.51 %;

found: C, 75.09; H, 5.33; N, 3.49 %.
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3-(9,9-dimethyl-11-0x0-9,10,11,12-
tetrahydro-8H-benzo[a]xanthen-12-
yl) benzonitrile (4k) mp 190°C - 193°C;
'H NMR (CDCIl,, 300 MHz): 6 1.20 (s, 3H),
1.22 (s, 3H), 2.23 (d, J = 12.9 Hz, 1H),
2.40 (d, J = 12.9 Hz, 1H), 2.50 (s, 2H),
5.30 (s, 1H), 6.72 (d,/ = 8.4 Hz, 1H), 7.31-
7.41 (m, 2H), 7.46-7.61 (m, 5H), 7.73-
7.77 (m, 1H), 8.18-8.21 (m, 1H) ppm;
C NMR (CDCl,, 100 MHz): 6 31.8, 38.0,
42.6, 53.5, 59.6, 103.8, 116.7, 123.6,
123.7,125.1, 126.6, 130.1, 130.8, 132.1,
133.8,134.9, 137.9, 138.2, 139.5, 150.7,
210.0 ppm; IR (KBr): 1061, 1177, 1266,
1390, 1575, 1719, 2245, 2961, 3056 cm
!; Mass (ES+) calcd. for C, H, NO, 379.4;

26021
found m/z 380.0 [M + H]"]"; Anal. cacld.
for C, H, NO,: C, 82.30; H, 5.58; N, 3.69

%; found: C, 82.56; H, 5.48; N, 3.89 %.

12-(4-methoxyphenyl)-9,9-dimethyl-
9,10-dihydro-8H-benzo[a]xanthen-
11(12H)-one (41) mp 201°C - 204°C; 'H
NMR (CDCI,, 300 MHz): 6 1.03 (s, 3H),
1.08 (s, 3H), 2.17 (d, J = 17.4 Hz, 1H),
2.34 (d, J = 17.1 Hz, 1H), 2.53 (s, 2H),
3.80 (s, 3H), 5.30 (s, 1H), 6.23-6.29 (m,
1H), 6.39-6.42 (m, 1H), 6.62 (d,/ = 7.8 Hz,
1H), 6.80 (d, J = 7.8 Hz, 1H), 6.88 (d, ] =
8.7 Hz, 1H), 7.14 (d, ] = 8.7 Hz, 1H), 7.45-
7.53 (m, 2H), 7.83 (d,/ = 8.4 Hz, 1H), 8.24
(d,J = 8.1 Hz, 1H) ppm; **C NMR (CDCl,,
100 MHz): ¢ 28.0, 31.8, 36.6, 43.1, 50.8,
55.2, 113.7, 114.3, 116.7, 122.7, 124.0,
125.6,125.7, 127.0, 129.0, 130.0, 133.1,
135.7,152.2,158.4 ppm; IR (KBr): 1033,
1176, 1248, 1375,1607,2957,3070 c
1. Mass (ES+) calcd. for C, H. O, 384.4;

26072473
found m/z 385.1 [M + H]']"; Anal. calcd.
for C, H, O.: C, 81.22; H, 6.29 %; found:

267724 37

C,81.35; H, 6.24 %.
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9,9-dimethyl-12-(p-tolyl)-9,10-
dihydro-8H-benzo[a]xanthen-
11(12H)-one (4m) mp 177°C - 179°C;
'H NMR (CDCl,, 300MHz): 6 1.09 (s, 3H),
1.20 (s, 3H), 2.31 (s, 2H), 2.40 (d,/ =12.6
Hz, 1H), 2.50 (d, ] = 14.4 Hz, 1H), 2.62 (s,
2H), 5.50 (s, 1H), 6.85 (d, / = 8.7 Hz, 1H),
6.97 (d,/=8.1 Hz, 1H), 7.06-7.08 (m, 1H),
7.17 (d,] = 7.8 Hz, 1H), 7.30 (s, 1H), 7.42-
7.50 (m, 3H),7.72 (d,/ = 8.1 Hz, 1H), 8.19
(d, ] = 7.2 Hz, 1H) ppm; *C NMR (CDCL,,
100 MHz): § 25.6, 25.8, 31.9, 38.1, 42.2,
51.5, 103.9, 124.7, 125.3, 126.6, 129.9,
130.5,131.4, 132.1, 132.6, 133.6, 134.5,
137.7, 140.4, 145.9, 150.6, 209.9 ppm;
IR (KBr): 1033, 1176, 1248, 1375, 1607,
2957, 3070 cm; Mass (ES)* calcd. for
C,H,,0,: 368.4; found m/z 391.1 [M +

260 24
Na]']’; Anal. calcd. for C, H,,0.: C, 84.75;
H, 6.57 %; found: C, 83.99; H, 6.89 %.
12-(4-hydroxy-3-methoxyphenyl)-
9,9-dimethyl-9,10-dihydro-8H-benzo
[a]xanthen-11(12H)-one (4n) mp
164°C-167°C; '"HNMR (CDCI,, 400 MHz):
6 1.08 (s, 3H), 1.18 (s, 3H), 2.20-2.23 (m,
1H), 2.27-2.29 (m, 1H), 2.62 (s, 2H), 3.58
(s, 3H), 4.75 (s, 1H), 5.38 (s, 1H), 6.38-
6.50 (m, 1H), 6.52 (s, 1H), 6.55-6.65 (m,
2H), 6.70-6.78 (m, 1H), 7.28-7.53 (m,
2H), 7.75-7.80 (m, 1H), 8.08-8.1 (m, 1H),
8.18-8.24 (m, 1H) ppm; “*C NMR (CDCI,,
100 MHz): 6 27.5, 34.2, 37.6, 41.5,
50.8, 55.6, 114.0, 114.2, 121.6, 124.1,
124.4, 126.2, 126.4, 126.6, 127.5 ppm;
IR (KBr): 762, 1033, 1147, 1228, 1271,
1374, 1430, 1512, 1622, 2958, 3064 cm
1. Mass (ES+)calcd. for C,_H, 0, 400.4;

26072474
found m/z 401.5 [M + H]']"; Anal. calcd.
for C_H, O:C, 77.98; H, 6.04 %; found:

267724 4"

C,77.83; H, 6.13 %.
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12-(3,4-dihydroxyphenyl)-9,9-
dimethyl-9,10-dihydro-8H-benzo[«]
xanthen-11(12H)-one (40) mp 137°C
- 140°C; '"H NMR (CDCl,, 400 MHz): &
1.05 (s, 3H), 1.09 (s, 3H), 2.18 (d,/ = 16.4
Hz, 1H), 2.24 (d, /] = 16.4 Hz, 1H), 2.63
(s, 2H), 4.89 (s, 1H), 6.58-6.64 (m, 5H),
7.11(d,/J=8.4Hz,1H),7.43 (d,]=8.4 Hz,
1H), 7.49 (t, ] = 7.6 Hz, 1H), 7.70 (t, ] =
8.0 Hz, 1H), 8.17 (d, ] = 8.4 Hz, 1H) ppm;
*C NMR (CDCl,, 100 MHz): 6 28.1, 31.2,
36.5, 40.4, 49.9, 112.6, 114.2, 114.3,
118.6,122.6, 123.2, 125.2, 125.3, 126.1,
126.6, 131.9, 137.0, 142.3, 142.7, 143.5,
162.9, 196.0 ppm; IR (KBr): 760, 1057,
1180, 1232, 1372, 1466, 1519, 1613,
2962, 3466 cml; Mass (ES+) calcd. for
C,.H,,0, 386.4; found m/z 387.1 [M + H

257722
1'1"; Anal. calcd. for C,.H,,0,: C, 77.70; H,
5.74 %; found: C, 77.65; H, 5.83 %.

257722

4. CONCLUSION

In summary, we have established
an alternative procedure for the three-
component synthesis of benzo[a]
xanthen-11-one  derivatives  using
KF-ALO, as a recyclable catalyst. The
prospect of the reusability of the catalyst
has also been determined without
compromising on the yield of the
products.

Hence, the protocol presented here
gives a simple alternative to many of
the reported procedures by the use of
KF-ALO, as an inexpensive, efficient
and recyclable solid- support catalyst
through simple workup procedure by
simple filtration method.
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1. INTRODUCTION

Abstract: The human brain is more engaged by viewing im-
ages than by reading lists of facts. Whenever we try to view,
edit, or create an image, we actually have our own intera tion
with the visual expression in the image. Although ever one
has a unique editing style, it is a common practice in the pho-
tography industry. Photo editing enable users to enhance and
stylize images in ways that would be impossible in camera.
It is much more difficult without image editing application.
This paper presents an approach for the development of Win-
dows application that can be a full-scale photoe diting tool.
Our application is easy to use and it also helps to store images
via different extensions. The various image editing libraries
used to develop this application are explained here. Different
image editing features such as cropping, drawing, etc. help all
type of users to use the application efficiently. The detailed
explanation of these features are provided. This paper shows
how image processing can be used to edit images by using
various computer vision algorithms to perform several oper-
ations on an image. However, there are certain image editing
applications available, but photosav is a simple and compre-
hensive windows application in which maximum features are
clubbed together for the users.

Keywords: Tkinter, computer vision, GUI, image, windows ap-
plication.

An image is a matrix of pixels. When seen in different formats. For example,
we see an image on screen, it is nothing  VGA, HD, etc [1]. Today, in our day-to-
but small boxes called pixels of different  day life, we click various images using
brightness that help in forming an im-  our mobile phones. Photos are further
age. Thus, for a viewer, images can be enhanced and corrected for artistic rea-
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sons. Now, in order to edit a particular
image, an ideal image editing tool will be
able to give the user a choice to change
the image according to their preference
[2, 3, 4]. It is actually not possible be-
cause we cannot read the user’s mind
and synchronise with the required im-
age entities the users want. We can take
the help of computer vision algorithm
to construct and make it available for
the users. There are many image editing
applications, for example Photoshop [5,
6], which has comprehensive features
for editing images. There are several
other applications for specific purposes
of photo editing, for example, Luminar.
Many image processing tasks, includ-
ing image editing, have benefited from
multi-scale image decompositions such
as the Laplacian pyramid [7]. The abil-
ity to modify the ‘appearance’ and ‘fine
details’ of the image is a practical advan-
tage of considering multiple scales for
image editing [9, 8 ]. On the downside,
the results obtained from enhancing fine
details in the well known halo artefacts
are considered as unnatural images.

This paper aims to present the methods
for creating an easy- to-use image editing
application thatcan edittheimage aswell
as save the image in different formats.
phototsav has been developed to serve
this purpose. This paper shows the
complete procedure of the development
of the editing application from scratch.
The application provides a detailed
way to edit images with a wide variety
of digital image processing techniques
incorporated with a graphical user
interface. The result is given with a step-
by-step demonstration to edit a photo
and get the desired result at the end.
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There are four sections elaborated in the
paper. Following the introduction in the
first section, the second section explains
the techniques, methods, and software
solutions used in the application
development process. The third section
shows how applications can be used to
edit images, either to improve image
quality or to achieve certain artistic
effects. The final section presents the
conclusion and emphasises the benefits
and utility of this application.

2. DESIGN AND IMPLEMENTATION
2.1. Framework and language

Tables The photosav is developed us-
ing Tkinter [10, 9] which is a Python li-
brary to create Graphical User Interfac-
es (GUIs). The programming language
framework used for development is
OpenCV-Python [10] which is a Python
wrapper for the original OpenCV C++
implementation. Different other pack-
ages are used, including numPy [11],
filedialog, etc. OpenCV is used for the in-
built image processing functions and al-
gorithms that make image editing easier.

2.2. Photosav functionalities

During image editing the various chang-
es should be seen on screen simulta-
neously. To do that, we have created a
canvas [9] using Python where we can
display our edited or filtered image. The
user makes certain changes to the im-
age. Those changes are seen side by side
on the screen. The main purpose of pho-
tosav is to help users to have a custom
experience while using the application.
Since photosav is a single-page applica-
tion, the users will find all the features
in one place. As soon as the image is ed-
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ited, the user can apply the changes or
revert to the original image, and then
save the image in any format supported
by openCV [10] such as png, tiff, jpeg,
etc. photosav has several features to give
the best user experience, such as crop-
ping, drawing, adding text, negative ac-
tion, black and white action, stylisation,
sketch effect, embosses, sepia, binary
thresholding, erosion, dilation, flipping
the image, rotation of the image, blur-
ring and smoothing, adjusting bright-
ness and saturation.

2.3. Image Processing Techniques

This section will elaborate most of the
image editing functionalities used in
photosav. Here, many features such as
brightness and saturation take user in-
puts using the GUI. So the results are
mostly custom and vary from user to
user. Some of the well known methods
such as rotation, flip or Gaussian blur
are Also used in the development of the
phototsav.

2.3.1 Contrast and Brightness Method

These functions control the pixel matrix.
If we want to increase the brightness of
an image, we have to add a positive con-
stant value to each and every pixel in the
image i.e., o(i,j) = o(i,j) +a, where i and j
are the row and column of the pixel ma-
trix and a is the constant.

A simple way to control the contrast and
brightness using the function is

p(x) = af (x) + Bp(x) (1)

here {3 is the brightness and coefficient a
is contrast

© 2022, St. Anthony’s College, Shillong

ISSN: 2349 2937

2.3.2 Cropping, Drawing and Adding text
functions

In open CV algorithms, there is no pre-
defined formula for cropping, sketching,
or adding text to an image. The NumPy
array slicing technique facilitates our
work. A 2D array is used to store each
image pixel matrix that is read (for each
colour channel). We can simply de-
fine the region to be cropped in height
and breadth (in pixels). We can use the
numPy array to choose a specific area,
add text, and draw on the image.

Uplead An (mage
Crop Image
Add Tet

D Oves image

pply Fitess

BuelSmoohering | _

st Levels

Aoy Concel  Revent Al Chunges

Cropping functionality: To crop an im-
age, we have to resize the pixel matrix,
which can be easily done by the “resize”
function in openCV. When we perform
this operation by using the GUI, by using
three events (click, drag, and release).
Firstly, we can draw a rectangle using
the coordinates (starting and ending)
and the region of focus is passed to
OpenCV. As mentioned, there are three
events (button pressed, button in mo-
tion, and button released), we will re-
cord the starting coordinates from the
first event. When the value of the coor-
dinates are zero, while we are in motion,
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many points are generated, but we will
consider the latest points and save the
ending points. Now we can easily cre-
ate a rectangle using the canvas “create
rectangle” function (in this function,
we can pass all the four coordinates).
The rectangle will be clearly visible on
the canvas. Now we need to remove the
rectangle and pass the four values to the
slice object and, with the help of openCYV,
the images are cropped. There are many
ways to crop an image. We can start from
any point, so we have to record the start-
ing and ending of the rectangle and pass
them properly.

= Cancel  Revert Al Chumges

(a) Original Image

aeply Cancel

Revert All Changes

(b) Edited Image
Figure 1. Cropping using photosav

Drawing functionality - When the draw
button is clicked, openCV takes the in-
puts for two events (button pressed
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and button in motion). We have a de-
fault color frame, a color chooser from
the color palette which enables the
user to use color from the color palette.
The function will return a hexadecimal
value, when the button is pressed. The
“start draw” function is called and while
the button is in motion, “start draw”
expect an event (x and y) exactly when
the button is clicked. We can maintain
the values in a list and update the list
when the the point is dragged. The time
we draw on canvas to create small lines,
the starting and ending coordinates are
provided based on four coordinates us-
ing openCV. We have to append the four
coordinates with new values because
one line is needed to be connected to
the first line and every time the line
ends, a new line starts until the button is
dragged and then stopped. To show this
on canvas we can use “cv2.line” function
[10], where we will pass the filtered im-
age, all the four updated coordinates,
color and thickness of the line (vary
with the size of the image).

Adding text- When we click on the “add-
ing text” button, we have two options,
enter the text and choose the colour.
These are identical to the cropping pro-
cess except that instead of cropping
here, we have to place the text on the
image. In this process, we will also use
the click, drag and release events. The
rectangle is first created by using the co-
ordinates and canvas. “Create rectangle”
function is called to form the rectangle
and while it is deleted, release event is
called. Basically, we will consider the
text and color of the text as an input. In
this function, we have to pass the im-
age, the text, the color, and a function
in tkinter named “puttext” that helps to
write on the image, the thickness and
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the color code. Here, we have to convert
the BGR format to RGB format as opencv
support BGR format. Moreover we will
display the image on the canvas using
the “display image” function.

2.4. Filter function

There are certain filter functions in pho-
tosav for the user to change the original
image.

2.4.1 Bitwise operation

There are various bitwise operations
which we can perform on the original
image to get a new image such as Bit-
wise NOT. Bitwise NOT turn the pixel
value in the pixel matrix. All the pixel
values that are greater than zero are set
to zero, whereas all pixels that are equal
to zero are set to 255 [10]. Thus we can
see the image in black and white.

2.4.2 Stylization action

Itis considered to create a cartoonized /
stylized image with the help of openCV
function Stylization [10] . The result of
stylization function looks like a painted
image.

2.4.3 Sepia action

Sepia toning is the process of coloring
a photograph with a brownish color to
give it an aesthetic or vintage appear-
ance. Sepia action [12] is performed as
a linear transformation of each pixel
value with a linear operator,; using each
pixel of an image as an array [B G R] T,
where B, G, and R represent the blue,
green, and red components of an RGB
color space. The equation. 2 explains the
Kernel matrix value as shown in below:
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' 0272 0534 0.131
§EP =10349  0.686 0.168|(2)
0393 0769 0.189

[t is simple to implement in OpenCV. It
has a defined colour. It includes a stan-
dardised matrix that can be set to be
the default. OpenCV implements the
BGR colour format, whereas the matrix
in equation. 2 uses the RGB colorspace.
Therefore, it has to be converted to
RGB, then back to BGR after processing
before displaying the output image on
the canvas.

2.4.4 Erosion and dialation

Erosion usually includes eroding the
outer surface of the image. Because
binary images only have two pixels (0
and 255), it primarily involves eroding
the image’s foreground, which should
be white. The depth of erosion is de-
termined by the size and shape of the
defined kernel. To define a kernel, we
can use NumPy’s ones() function. Oth-
er functions, such as NumPy zeros,
customised kernels, and others, can
be used to define kernels based on the
problem.The binary equation to per-
form erosion is:

dst(x, y) = min =(Qrelene
y+') (3)

Dilation entails distorting the outer sur-
face of the image. Itis the polar opposite of
the erosion operation. The dilation oper-
ation is convolving an image P with some
kernel B of any shape or size. The kernel
Q has a defined anchor point, which itself
is usually the kernel’s centre. We compute
the maximum pixel value overlapped by
Q as the kernel Q is scanned over the im-
age and substitute the image pixel in the
anchor point position with that maximal

(x,y'): element(x’, y")
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value. As one might expect, this maximiz-
ing operation causes bright parts of the
image to shine. The binary operation to
perform dilatation is:

dst(x,y) = max

r - (x, y): element(x, y' )=0"ct
w, Yty ) (4)

2.5. Graphical user Interface

photosav can run on any computer with
windows as an operating system. When
we run the application the user can im-
port an image using “upload” button and
that image can be seen on the canvas. All
the tools present in the application are
easy to use. After uploading the image
user can perform various editing opera-
tion from the main menu (Figure. 2(a)).
Moreover, most of the operations will ap-
pear on the additional side menu which
have sliders. To add text on the image, the
users have to choose the color of text [ 9]
using color chooser which will popup on
screen. After using a certain tool, users
can see the change on screen simultane-
ously. User can click on “apply” button to
apply the changes or even click “cancel”
button if the edit is not satisfactory. After
applying changes if the user want to see
the original image user can click on “re-
vert” button to reverse the changes and
then the original image will appear. To
enable working with various size of the
image, very large image automatically re-
scale to fit in photosav.
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Figure 2. Graphical user interface

3. RESULTS AND DISCUSSION

The various image editing functions
such as rotation, flip, cropping, adding
text, etc. can be combined with other
functions in photosav will give a custom
change in the edited image. If the user
does not like a certain feature, then the
user can revert the changes accordingly.
It provides the confidence to the user to
edit the image without losing the previ-
ous change

3.1. Results of photo editing

Figure. 3 explains the step by step pro-
cedure of editing an image in photosav.
To edit the image we take an input image
(Figure. 3(a)). At first, we apply erode
as well as dilute function on the image
to remove the noise. Next we apply styl-
ization function to give an cartoonistic
appearance to the image. Then, we use
the horizontal flip action and at last we
use black and white action to change the
final result (Figure. 3(f)).

(b) erode

(a) original
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(c) dilute (d) stylization

(e) horizontal flip (f) black and white

Figure 3. Image edited using photosav
3.1. Different editing example

Figure. 4(b), Figure. 5(b), Figure. 6(b)
Figure. 7(b), Figure. 8(b), Figure. 9(b)
and Figure. 10(b) are the edited imag-
es with different filtering/editing tool
used in the photosav application. Fig-
ure. 4(a) is an input image edited us-
ing Black and white feature followed
by adding text "Hello”. Figure. 5(a) is
edited by adjusting the saturation val-
ue to 29.5 and brightness value to 1.4.
On Figure. 6(a) we have applied rotate
left feature and black and white fea-
ture. Figure. 7(a) is flipped vertically
by the flip function and then we have
applied negative function. Figure. 8(a)
is edited by adjusting the saturation
and brightness value. The input image
Figure. 9(a) is enhanced using styliza-
tion function followed by blurring the
image then adjusting the saturation
value to -12.0 lastly eroding and di-
luting the image. Last but not the least
Figure. 10(a) corrected by adjusting
the blur function followed by diluting
and eroding the image.
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(a) Original image (b) Edited Image

Figure 4. Image edited using adding
text "Hello” and Black and white feature.

(a) Original image (b) Edited Image

Figure 5. Image edited by adjusting the
saturation and brightness value

(a) Original image (b) Edited Image

Figure 6. Image edited by user using
rotate left and black and white feature.
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(a) Original Image 45
(b) Edited Image

Figure 9. Image edited using styliza-
tion function followed by blurring the
image then adjusting the saturation val-
ues then eroding and diluting the image.

(b) Edited image

Figure 7. Image edited by flipping
the image vertically and then applying
negative function.

(a) Original image (b) Edited Image

Figure 8. Image edited by adjusting b) Edited image

the saturation and brightness value.

Figure 10. Image edited by adjusting
the blur function followed by diluting
anderoding.

3. CONCLUSION

photosav provides users with basic pho-
to editing functions and allows them to
complete a wide range of tasks. It is suit-

(a) Original Image

© 2022, St. Anthony’s College, Shillong 32
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able from moderate to complex photo
corrections and excels at brightness and
contrast manipulation. Furthermore,
when using editing tools, it revitalises
the user’s imagination. Color adjust-
ment, focusing, effects, geometric trans-
formations, saturation, hue, colour map,
and brightness changes are all available
in this application. It allows the users to
express their creativity and imagination.
The tools are useful for creating imagi-
native, abstract, and stylized images in
which colours and shapes behave differ-
ently than they do in reality.

In future photosav could be improved by
adding more photo manipulation tools
as well as more Image enhancement fea-
tures. It may also include the redesign
and enhancement of existing tools.
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1. INTRODUCTION

Caffeine comes from the German mostpopular and widely consumed bev-
word “kaffee”. Caffeine was first dis- erages in the world [1]. Caffeine belongs
covered by Friedlieb Ferdinand Runge. toaclass of purine alkaloids and its main
Since its discovery, caffeine is one of the =~ source is coffee. However, other sources
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of caffeine can be obtained from leaves,
fruits and seeds of many plants such as
tea leaves, cola nuts, guarana berries,
and cacao beans. It is worth pointing
out that caffeine may also be found in
energy drinks, soft drinks, gums, and
medications [2,3]. Caffeine is bitter in
taste. Chemically caffeine is named as
1,3,7-trimethyl-2,3,6,7-tetrahydro-1H-
purine-2,6-dione and its molecular for-
mula is C;H, N,O, (Figure 1).

810
(0]
AN

Yy
I

Figure 1. Structure of Caffeine

It has a molecular mass of 194.19 g/
mol, melting point of 238 °C and is slight-
ly soluble in water but the solubility in-
creases as the temperature is increased.
Recently, caffeine has been of scientific
interest because, as a bioactive molecule,
[1] it has been shown to have beneficial
health effects (e.g., it is able to protect
against oxidative stress in Alzheimer’s
disease (AD)) [4]. However, people with
hypertension, children, adolescents, and
the elderly may be more susceptible to
the negative effects of caffeine consump-
tion [5].

Tea is also one of the common bev-
erages which are being enjoyed by many
for its bitter, cooling and astringent fla-
vour. Tea is obtained from the leaves of
the tea plant, Camellia sinensis. The caf-
feine content of tea leaves depends on
the variety and where they were grown;
most tea has 3-5% by weight [9]. Based
on our literature survey, liquid-liquid
extraction is one of the most common
methods of extraction of caffeine from
tea [6-9]. Herein, we present our work
on extraction of caffeine from tea by us-
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ing two local tea brands Namar Jongphi
(NJP) and Nalari Gold (NLR) tea. The
caffeine was extracted by liquid-liquid
extraction method and the amount of
caffeine was estimated by iodometric
method.

2. MATERIALS AND METHODS
2.1 Materials

The samples for study were pur-
chased from the market. The two local
tea brands NJP and NLR tea leaves were
chosen for caffeine extractions and its es-
timation. We have followed the dichloro-
methane-water extraction method [6,9]
for the extraction of caffeine from these
two tea brands (Figure 2 and 3).

yonGPHL

U SLASHA BABHA HA
KA DOR BABI i \

& (ALARI GOL

PREMIUM CTC TEA

Figure 3: Nalari Gold tea leaves (NLR)

2.2 Extraction of caffeine with di-
chloromethane

Caffeine can be extracted from tea
using the method known as liquid-liquid
extraction (LLE). In this method, com-
pounds are separated according to their

36



Spectrum: Science and Technology, Volume: 9, 2022: Pp-35-41

relative solubilities in two immiscible
liquids, usually water and another organ-
ic solvent. In the extraction of caffeine
from tea leaves the two liquids used are
water and dichloromethane (DCM). Di-
chloromethane is chosen as the organic
solvent because the percentage solubility
of caffeine is quite high in DCM [10].

2.3 Procedure for extraction of caf-
feine:

In the first part of the experiment, 10
g of tea leaves is weighed and transferred
to a 500 mL beaker. 6 g of sodium car-
bonate and 300 mL of distilled water are
added to the beaker and the contents are
boiled for about 15-20 minutes. Sodium
carbonate is added to act as a base so it
can react with the tannins to form their
soluble sodium salts. After boiling, the
mixture is allowed to cool and is filtered.
The tea leaves are washed with water 3-4
times to wash away the caffeine stuck
in the filter paper into the filtrate. The
filtrate is then used for liquid-liquid ex-
traction of caffeine. Caffeine is extracted
by the use of a separating funnel. Vigor-
ous shaking is not recommended since
it leads to the formation of an emulsion
which is difficult to separate. Dichloro-
methane is used as the organic solvent
since caffeine is more soluble in it in
comparison to other organic solvents.
The tannins in their sodium salt forms
are ionic in nature and hence are insol-
uble in dichloromethane but soluble in
water.

The solution of caffeine in dichloro-
methane is collected and is mixed with
anhydrous sodium sulphate to absorb
any water that might have been in the
solution of caffeine. The anhydrous solu-
tion of caffeine in dichloromethane is
then transferred into a round bottom
flask and the solution is then distilled us-
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ing a water bath to obtain crude caffeine.
The crude caffeine thus obtained was pu-
rified by sublimation. The melting point
of the purified caffeine was measured
using a capillary melting point apparatus
and the melting point was found to be
237-238 °C and analysed using IR spec-
troscopy and the amount estimated by
Iodometry Back Titration.

2.4 lodometric estimation of caffeine:

There are several analytical methods
for the estimation of caffeine [11]. In our
experimental work, we have used the
iodometric back titration for the estima-
tion of the amount of caffeine extracted
from the two varieties of tea leaves. In lo-
dometric Back Titration, caffeine reacts
with excess accurately known amount
of iodine in acidic environment, forming
insoluble precipitate. Then the insoluble
precipitate is removed by filtration. Us-
ing titration by a standard sodium thio-
sulphate solution (Scheme 1) with starch
solution as indicator, we can determine
the amount of remaining iodine, and thus
the amount of caffeine can be found [11].

CgHoN,0, + 21, + K1+ H,S0, CgHyoN,0,HLI, + KHSO,

I, * 2Na,5,0, » 2Nal +Na,S$,04

Scheme 1

3. RESULTS AND DISCUSSION
3.1 IR spectroscopy

IR spectroscopy is an analysis tech-
nique where an organic chemist can
readily examine the common functional
groups of organic compounds. Function-
al groups in organic compounds have
absorptions which are characteristics
not only in position but also in intensity
[12]. Thus, the purified caffeine that was
obtained was analysed by IR spectrosco-
py to identify the important functional
groups (C=0, C=N, C-N, C-H) (Figure 4).
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Figure 4: IR spectrum of caffeine

3.2 Estimation of caffeine by lodomet-
ric back titration

Caffeine solution was prepared us-
ing 0.05 mol/L sulphuric acid as an acid-
ic medium. Stock solution of NJP was
prepared by dissolving 0.347 g in 50ml
and NLR by dissolving 0.224 g in 50 ml.
0.05 mol/L iodine solution was added to
the caffeine content. A reddish-brown
precipitate is formed after the addition
of iodine solution (Figure 5). Then the
insoluble precipitate is removed by fil-
tration. The filtrate containing the ex-
cess iodine was titrated against sodium
thiosulphate of strength 0.05 mol/0.005
mol till the solution becomes pale brown
in colour.
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Figure 5: Formation of insoluble precipitate
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Then starch was added as indicator
after the solution becomes dark brown.
Upon the addition of starch indicator, a
dark brown solution is obtained which
when titrated with sodium thiosulphate
whereby the solution changes to dark
blue, with further titration the colour
of the solution turns colourless which
marks the end point of the reaction. The
volume of thiosulphate consumed is
equivalent to the amount of unreacted
iodine present in the solution and hence
the amount of caffeine was calculated
[11].

Table 1: lodometric titration for caf-
feine extracted from Namar Jongphi
tea leaves

(Amount extracted from 10 grams of
NJP is 0.347g)

Sl. | Sample | Volume | Volume [Volume of
no of H,SO,| ofl, | NaJS,0,
Namar | (i) | (mL) | (mL)
Jong phi
(mL) (0.05 | (0.05 (0.05
mol) mol) mol)
(0.03474
mol)
1 |10 10 10 1.3
2 |10 10 10 1.3
3 |10 10 10 1.2
4 |10 10 10 1.1
Calculations:

Amount of crude caffeine extracted
(NJP) and taken for estimation = 0.347g

Concentration of caffeine = 0.03574
mol (0.347g in 50 mL)

Volume of caffeine taken for titration
=10 mL
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Volume ofl2 added =10 mL

No. of moles of I,added = (10 + 1000)
x 0.05mol =5x10*mol = ------------ (i)

No. of moles of NaS,0,= (1.3 =
1000) x 0.05 mol = 6.5x10° mol

From the equation:

I, + 2Na,S,0, ~ 2Nal +Na,S,0,

Number of moles of I, reacted with
Na,S,0, (excess I,) = 6.5x10° mol/2 =
3.25%x10° mol

Therefore, number of moles of I, reacted

with caffeine = (total iodine added - ex-
cess iodine)

=5x10*mol - 3.25x10° mol =4.675x10*
mol

From the equation:

CoHyoN,0, * 21, + K1+ H,50, > CgHyoN,0,HLI, +KHSO,

Number of moles of caffeine reacted with
iodine =4.675x10*mol/2 =2.3375x10*
mol

Therefore, amount of caffeine in 10 mL
= 2.3375x10* mol x194.19 g/mol =
0.04539 ¢

Thus, amount of caffeine in 50 mL =
0.04539x5 =0.22695¢g

Amount of crude caffeine take (Namar
Jongphi) =0.347 g

Amount of caffeine calculated from iodo-
metric back titration = 0.22695g

Percentage of pure caffeine

= (0.22695+0.347) x 100 = 65.40%
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Table 2: lodometric back titration for
caffeine extracted from the tea leaves
Nalari Gold

(Amount extracted from 10 grams of
NLR is 0.224g)

Sl | Sample | Volume |Volume |Volume of
no. Nalari of H,S0,| ofl, | NaJS,0,
mL mL
Gold (mL) (mL) | (mL) | (mL)
0.05 | (0.05 (0.005
(0.02307] (
mol) mol) mol) mol)
1 |10 10 10 7.6
2 |10 10 10 7.6
3 |10 10 10 7.6
4 110 10 10 7.7
Calculations:

Amount of crude -caffeine extracted
(NLR) and taken for estimation = 0.224g

Concentration of caffeine = 0.02307 mol
(0.224gin 50 mL)

Volume of caffeine taken for titration =
10 mL

Volume ofI2 added = 10 mL

No. of moles of [, added = (10 + 1000) x
0.05 mol = 5x10* mol

No. of moles of Na,S,0,= (7.6 + 1000) x

0.005 mol = 3.8x10° mol
From the equation:
I, + 2Na,S,0, ~ 2Nal * Na,S,0,

No. of moles of I, reacted with Na,S,0,

(excess I,) =3.85x10° mol /2 = 1.9x10°
mol
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Therefore, number of moles of I, re-
acted with caffeine = (total iodine added
- excess iodine)

=5x10*mol-1.9x10° mol = 3.1x10*
mol

From the equation:

CgHygN,0, * 21, + KI + H,S0, CgHioN,0,HLI, + KHSO,

Number of moles of caffeine reacted
with iodine = 3.1x10* mol/2 = 1.55x10"
* mol. Therefore, amount of caffeine in
10 ml = 1.55x10*mol x194.19 g/mol =
0.03009945 g

Thus, amount of caffeine in 50 ml =
0.03009945x5 = 0.150497¢g

Amount of crude caffeine taken (Nalari
Gold)=0.224 g

Amount of caffeine calculated from iodo-
metric back titration = 0.150497g

Percentage of pure caffeine = (0.150497g
+0.224) x100 = 67.39%

4. CONCLUSION

Caffeine has been extracted success-
fully from the two local tea brands Namar
Jongphi and Nalari Gold Tea leaves fol-
lowing the liquid-liquid extraction meth-
od. The quantitative analysis of the ex-
tracted caffeine was successfully carried
out using the iodometric back titration.
The amount of crude caffeine extracted
from 10 grams of Namar Jongphi and
Nalari Gold tea leaves was 0.347g and
0.224g, respectively. Following the stoi-
chiometric calculations for the determi-
nation of caffeine by iodometric method,
the amount of pure caffeine present in
Namar Jongphi tea leaves was 0.22695g
with the percentage of crude over pure
caffeine calculated to be 65.40%. The
amount of caffeine estimated from the
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Nalari Gold tea leaves calculated was
0.150497g with percentage of recovery
67.39%.
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Abstract: In this work we have studied the electronic proper-
ties of VO, by employing the density functional theory (DFT).
The CASTEP module was used for the simulation. 2x2x1 lat-
tice of VO, was used for study of the band structure and den-
sity of state. The electronic properties change significantly
on doping the sample with Ag. Also, when Ag is doped in dif-
ferent quantities in VO,, the bad gap is not the same as that
of pure VO, and the conductivity and dielectric constant also

changes.
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1. INTRODUCTION

In the past years the study of
vanadium oxide (VO,) has attracted
a lot of attention due to its strong
relativity to electronic materials, when
the phase transition temperature (T )
is more than 68°C, it shows a metal-
semiconductor transition to rutile phase
from monoclinic phase [1]. VO, has
a potential as smart window coatings,
optical switches and gas sensors devices
due to a reversible change in electronic
and optical properties by phase
transition [2-7]. However, the phase
transition temperature of 68°c limits

Keywords: DFT, Ag-VO,, VO,, Electronic properties, Band
Structure, Density of State

the practical application of VO, and to
overcome this limitation, elemental
doping is introduced and found to be
the most effective way to lower phase
transition temperature. Basically, the
V-V bonding range in VO, which is
essential for the phase transition, may
be changed by the elemental doping,
and this would affect phase transition
temperature [8]. Numerous studies with
elementally doped VO, are carried out
successfully. For instance, it is simple to
lower the phase transition temperature
of W-doped VO, to ambient temperature
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[9]. The Fermi level may shift toward
the conduction band in the presence
of Mo donors, which would cause the
activation energy Ea and then phase
transition temperature to fall [10]. Mg-
doped VO, can lower Tc and increase
visual transmittance [11]. VO, can also
be doped with lanthanides, such as La
and Tb, to lower the Tc because of their
abundant valence electrons and large
ionic radii [12]. Y-R Jo et al. [13] worked
on electron-doped VO, and reported that
the creation of a transmission electron
microscopy (TEM) grid with the ideal
configuration of Si,N, windows that may
safely be used for photolithography of
individual electron-doped VO, nanowire
devices, enabling a comparison of their
structural and electrical characteristics.
Quantitative analysis of the rutile and
M1 phase fractions was done using
TEM dark-field imaging, and their
lattice alignments were seen using
high-resolution TEM (HRTEM) with
small area diffraction. Elkady et al. [14]
Synthesized nano VO,-0.5 H,0/ZrV,0,
and doped with Cs, Cr and Ga using
combined precipitation-hydrothermal
that followed by gentle heating at
low temperature and described and
examined the growth mechanism of
doping using XRD, SEM, TEM, Raman,
TGA, DSC, and UV-vis spectroscopy.
And resulted that all composites have
a negative thermal coefficient between
25 and 100 and a positive thermal
coefficient between 100 and 300 . Zhao
et al. [15] reported that the Vanadium
dioxide’s metal-insulator transition
(MIT) and physical characteristics
may be tuned effectively by ion doping
(VO,). With various W concentrations
and applied voltages, the fluctuation

© 2022, St. Anthony’s College, Shillong

of electrical conductivity of W-doped
VO, was studied. The conductivity of
W-doped VO,(R) is poorer without
an external electric field than that of
undoped VO,(R), and it gets worse as
the W concentration rises. Wang et al.
[16] investigated that possibility to
create single crystalline W-doped VO,
nanobeams for use in electrical and
optical systems. And resulted that Dual
surface plasmon resonance peaks at
1344 and 619 nm are produced as a
result of variations in the polarisation
of the beams along their transverse and
longitudinal axes, which increases the
VO, nanobeams’ capacity to modulate
solar radiation. One of the finest noble
metals for thermal and electrical
conductivity is silver. Zhou et al. [17]
included Ag particles periodic arrays into
VO,(M) films by using self-assembling
polystyrene (PS) templates with a
hexagonal-close-packed monolayer as
the mask. Ag particles periodic arrays
(PPAs) with various specific areas
were produced in the VO,(M) films by
adjusting the size of PS nanospheres.
As a result, it was discovered that the
Tc was lowered from 68 to 57.5 C and
that the carrier density had increased
due to the larger specific area. More
free electrons injected into VO, (M) films
resulted in a bigger absorption energy
at the internal junction, according to a
detailed mechanism of Tc reduction that
combined with the analysis of the energy
band of Ag/VO,(M). The significantly
improved Ag PPAs/VO,(M) films satisfy
the requirements of a lowered T, and
diluted colour simultaneously, making
them appropriate for commercial usage
in energy-efficient glass.
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Figure 1. Crystal structure of VO,

This study used the DFT approach to
examine the electrical structures of pure
VO, as well as Ag-doped VO, at differ-
ent concentrations of Ag, including the
energy gap and density of states. This
research can shed crucial light on the
process by which doping techniques can
alter the structure of VO,.

2. COMPUTATIONAL DETAILS

This computation was performed
using the CASTEP software (Cambridge
sequential total energy package). The
crystal structure optimised by the mo-
lecular dynamics module serves as the
foundation for DFT calculations. The
exchange-correlation  functional of
the Perdew-Wang 91 (PW91) general-
ized-gradient-approximations (GGA)
was employed. Ultrasoft pseudopten-
tials served as a representation for the
interactions between the ionic core and
the valence electrons. On the basis of
the previous findings [18], a uniform
Monkhorst-Packard k grid witha 1 x 1 x
1 spacing was chosen for the M1 phase.
The adopted values of U were set at 2.5
eV for the vanadium d electrons in our
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simplified application of the rotation-
ally invariant LDA+U technique. The
atomic energy convergence criteria for
the BFGS method is 1-10 eV/atom, the
atomic force convergence criteria is 0.05
eV/nm, the crystals stress convergence
threshold is 0.05 GPa, and the atomic
maximum displacement convergence
criteria is 0.001. The space group of the
M1 phase VO, is P21/c.

The relative lattice constants are 5.734,
4.517, and 5.375. Each oxygen atom co-
ordinates with an adjacent three vana-
dium atoms, while each vanadium atom
coordinates with an adjacent six oxygen
atoms and one vanadium atom (Fig. 1).
The supercell method (2 x 2 x 2) was
used to model the Ag/VO, model, which
was produced from the optimal unit cell
and is depicted in Fig. 2. Supercell VO,
was calculated to determine the electri-
cal structure and optical characteristics
of undoped VO, for comparison.

Figure 2. Supercell of VO,
3. RESULTS AND DISCUSSION
3.1 Band structure

The band structures of VO, and Ag/
VO, and Ag,/VO, are depicted in Fig-
ures 3(a), 3(b) and 3(c) respectively.
The band gaps of VO, and Ag/VO, are,
respectively, 0.115 eV, 0.024 eV and the
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band gap for the higher concentration
doping was not given by the calculations
as the conduction band and valance
band overlaps, which are low compared
to the theoretical value (0.7 eV). DFT in
GGA functional, which is inadequate to
process inter-electron exchange interac-
tions and has no impact on the analysis
of energy gap data, resulting in smaller
band gap values. In other words, the Ag
doped VO, band gap is significantly nar-
rower than the band gap of pure VO,, in-
dicating that the doped VO, has a higher
metallicity.
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doped VO, states are displayed in Fig. 4.
The total density of states curves for VO,
and Ag doped VO, are quite similar, as
seen in Fig. 4. The partial densities of the
states of the Vatom for VO, (a) and the Ag
atom for Ag doped VO, are shown in Fig.
5. (b) and 5. (c). The vanadium atom'’s
density of states is mostly composed of
four groups. The first group comes from
the V 4s orbital and is between -67 and
-65 eV. The second group, from the V 4p
orbital, lies between -40 and -37 eV. In
the third group, which spans the energy
range of -7 to 0 eV, V 3d orbitals predom-
inate. V 3d orbitals make up the conduc-
tion band.
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Figure 3. Energy band structure of VO, Ag/
VO, and Ag,/VO,

3.2 Density of states

The total densities of the VO, and Ag
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CASTEP Density of States

Figure 4. Total density of states for VO,, Ag/
VO, and Ag,/VO,

Figure 5 also depicts the results of
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the DOS for interactions between vana-
dium and oxygen for VO,, and silver and
oxygen for Ag/VO,. Near the Fermi level,
O 2p interacts with V 3d mostly for VO,,
whereas O 2p interacts with Ag 4d pri-
marily for Ag/VO.,. Near the Fermi level,
O 2p interacts with V 3d mostly for VO,,
whereas O 2p interacts with Ag 4d pri-
marily for Ag/VO,.

CASTEP Partial Density of States
I

Figure 5. Partial density of states for
Vo, Ag/VO, and Ag,/VO,

Silver is more active than vanadium,
as evidenced by the fact that the DOS of
Ag 4d for Ag-0 is greater than that of V
3d for V-0 bond. Additionally, compared
to O 2p and V 3d orbitals, Ag4d and O
2p orbitals overlap more widely. These
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findings demonstrate that oxygen inter-
acts with silver more strongly than it in-
teracts with vanadium.

4. CONCLUSION

By using the DFT approach, the elec-
trical structure, and optical character-
istics of VO,, Ag/VO, and Ag,/VO, were
investigated. In comparison to V and O,
Ag and O interact more strongly. In the
Ag-0 connection, there is both ionic and
covalent bonding. Ag/VO, and VO, have
respective band gaps of 0.115 eV and
0.024 eV. In other words, when Ag is
doped in VO,, the band gap shrinks while
the conductivity increase.
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Abstract: Good quality soil is very important for better pro-
ductivity in the fish farm. Some areas of Khasi and Jaintia Hills
District were selected to collect soil sample and analysed to
check suitability for fish farming. The soil analysis of the se-
lected areas reveals that soils are highly acidic in nature and
deficient in available nitrogen and phosphorus. Proper treat-
ment with lime, nitrogen and phosphorus based fertilizers are
required to enhance the productivity of fish farm. Soil texture
of the study areas was found sandy loam to clay loam which
indicates suitability of the areas for construction of fish farm.
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1. INTRODUCTION

South West Khasi Hills, Eastern West
Khasi Hills and Ri-Bhoi district. Altitude
of Khasi Hills varies from 150m msl to

The state Meghalaya lies 20° 1/ N -
20°5/ N latitude and 85°49/E - 92°52/
E longitude, occupies 22,428 sq.km,

which is 9.3% of the total geographical
area of the North East Region of India.
The state is physiographically divisible
into Eastern Meghalaya (Jaintia Hills),
Central Meghalaya (Khasi Hills) and
Western Meghalaya (Garo Hills) [1]. The
total geographical area of Khasi Hills is
1044764 ha which includes five districts
namely East Khasi Hills, West Khasi Hills,

1960m msl Khasi Hills is cooler than
Garo Hills where maximum temperature
goes up to 25°C as compared to 35°C in
Garo Hills during summer season [1, 5].

The quality of soil is important
in fish farms, due to its influence on
productivity and the quality of the
overlying water, but also because of
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its suitability for dike construction.
Sandy clay to clay loam soils are con-
sidered suitable for pond construc-
tion. Because of their cohesive prop-
erties, the fine-textured soils (clay, silty
clay, clay loam,silty clayloam and sandy
clay) are more suitable for pond con-
struction for fish farms [11]. Soil plays
an important role in determining the
fertility of fish ponds. Primary nutrients,
mainly nitrogen (N), Phosphorus (P) and
Potassium (K) are playing vital roles in
pond productivity [10, 8]. Soil with clay
content less than 18 % (sandy/Silty)
in soil can be used for fish culture with
treatment but too sandy and silty soil
are totally unfit for excavation of pond
due prevailing excessive seepage prob-
lem.

The soils of upper reaches of Shill-
ong plateau are red loam. The soils are
uniformly deficient in available phos-
phorus which in due to acidic reaction.
The soils vary from sandy loam to clay
loam and acidic in reaction with high
aluminium and iron content. Majority
of the acid soils in Meghalaya have pH
4.7 - 5.4 (1). Nath, 2010 [9] stated that
development of package of practices for
composite and integrated fish farming is
utmost important for the development
of aquaculture in Meghalaya.

2. MATERIALS AND METHODS

Soil sampling was carried out by
adopting methodology given by M.R. Car-
ter and E.G. Gregorich and Jackson,1973
[7, 12], Canadian Society of Soil Science.
Soil samples were collected from sample
depth 0 to 30 cm. All samples from one
sub section are combined and a com-
posite sample was made. Selection and
collection soil sample was done by the
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Benchmark Sampling. In this design a
single representative site (benchmark)
was selected for each field or subsec-
tion of a field. 6 samples were randomly
taken from within the benchmark and
then composited for laboratory analysis.
Composite sampling was prepared and
analysed in the ICAR- Research complex
for NEH Region, Umiam, Meghalaya. To
assess productivity of the study areas
with reference to nutrient values in soil
sample like 0C%, available nitrogen and
available phosphorus, a comparison
were made with soil productivity refer-
ence given by the CIFRI, 1985 [3]

3. RESULTS AND DISCUSSION

Soil texture of Khasi and Jaintia
hills were found to be sandy loamy at
Pynursla to Clay loamy at Pynthurba
(Table1).

Tablel: Soil texture in the study area

Sources of Texture

the samples

East Khasi | Mawli Silt loam

Hills Pynursla | Sandy loam
Pymthurba | Clay loam
Smit 1 Silt loam
Smit 2 Clay loam
Sohra Sandy loam

Jaintia Hills | Dawki Sandy loam
TLUH Vil- | Silty clay
lage loam
Raithong Silt loam

Ribhoi Umsohliet | Loam

Soil pH of the study area were
shown acidic in nature which varies
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from 3.83 (Mawli and Umsohliet) to
5.38 (Sohra) (Table 2).

Table 2: Productivity of soil with
reference to pH

S1 Sources of | pH

No. | the samples |(1:2.5)

1. |EastKhasi |3.83 |[Highly
Hills (Mawli) acidic

2. |EastKhasi [4.00 |Highly
Hills, Py- acidic
nursla

3. |EastKhasi |5.33 |Mod-
Hills, Pyn- erately
thurba acidic

4. |EastKhasi |[4.54 |Highly
(SMIT) Hills acidic

5. |EastKhasi |[5.00 |Mod-
Hills, SMIT erately

acidic

6. |EastKhasi |5.38 |Mod-

Hills, Sohra erately
acidic

7. |Jaintia Hills [4.27 |Highly
(Dawki) acidic

8. |Jaintia Hills, |4.11 |Highly
TLUH Village acidic

9. |RibhoiRai- [3.91 |Highly
thong acidic

10. | Ribhoi, Um- |3.83 |Highly
sohliet acidic

Low productive

In case of Organic Carbon (OC

%) maximum areas under study was
found high to moderate content of
organic carbon indicates good pro-
ductivity (Table 3).
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Table 3: Productivity of soil with
reference to Organic carbon

Sl |Sources of the |OC
No. | samples (%)
1. |EastKhasiHills |2.54 |Highly
(Mawli) productive
2. |EastKhasi Hills, {0.23 | Low
Pynursla productive
3. |East Khasi Hills, |0.94 | Low
Pymthurba productive
4. |East Khasi Hills |2.15 | Highly
(Smit) productive
5. |East Khasi Hills, | 2.26 | Highly
(Smit) productive
6. |EastKhasi Hills, |0.90 | Low
Sohra productive
7. |Jaintia Hills 0.16 | Low
(Dawki) productive
8. |Jaintia Hills, 1.37 | Medium
Tluh Village productive
9. |Ribhoi Raithong|1.17 | Medium
productive
10. | Ribhoi, 2.65 | Highly
Umsohliet productive

Important nutrients which de-
termine productivity of soil namely
available nitrogen and phosphorus
was found deficient in the study ar-
eas which indicates low productivity
(Table 4 & Table 5).

Table 4: Productivity of soil with ref-
erence to nitrogen

SI | Sources of |Av.N

No. |the samples |mg/100g

1. |EastKhasi |[24.285 |Low
Hills (Maw- productive
1i)
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2 |EastKhasi |16.000 |Low Table:5 Productivity of soil with
Hills, Py- productive reference to Phosphorus
nursla
SI | Sources of |Av.P
3. |EastKha- 12.054 |Low No. [the samples |mg/100g
;1 H‘E}'f' . productive | 3 ™ E  (Khasi 097  |Low
ymthurba Hills(Mawli) productive
4. |EastKhasi |19.642 |Low 2. | East Khasi 0.62 Low
(SMIT) Hills productive Hills, Pynursla productive
3. |EastKha- 0.68 L
5. |EastKhasi |20.982 |Low ast hia ow -
Hills. SMIT ducti si Hills, productive
ills, productive Pymthurba
6. |EastKhasi |13.169 |Low 4. |EastKhasi |0.88 Low
Hills productive Hills Smit pI‘OdUCtiVC
Sohra 5. |EastKhasi [0.81 Low
7. |JaintiaHills [10.714 |Low Hills, SMIT productive
(Dawki) productive 6. |EastKhasi |0.47 Low
g o Hils (15178 1L Hills Sohra productive
- |Jaintia Hills, | 15. ow- 7. |Jaintia Hills |0.45 Low
TLUH Vil- productive . .
lage (Dawki) productive
g 8. |Jaintia Hills, |0.72 Low
9. RlbhOI Rai- 11.161 Low TLUH Vlllage productive
thong productive 9. |Ribhoi 0.58 Low
10. |Ribhoi, Um- [25.000 |Low Raithong productive
sohliet productive 10. | Ribhoi, 0.81 Low
Umsohliet productive
Fig 1: Chemical properties of Soil of Khasi and Jaintia Hills
25
15 [
10 —
0 I—I ; I—l l l—l J -
aw\l Pknursa P*z;hrr Tm\t* Tm\tf Fuhr awki th:{i Rf\tho g Umesto li
East Khasi Hills Jaintia Hills Ribhoi
[ ] IS)C (%) 2:54 0.23 0:94 2:15 2.26 C-l.9 0:16 1:37 1:17 2:65
Av. N mg/100g|24.3 16 121 19.6! 21 13.2 10.7 15.2 11.2 25
mAv. P mg/100g |0.97 0.62 0.68 0.88 0.81 0.47 0.45 0.72 0.58 0.81
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Available nitrogen and phosphorus
was ranging from 10.714 mg/100 g to
24.285 mg/100g soil and 0.45 mg/100
g to 0.97 mg/100 g soil respectively (Fig
1).

Soil textures of the study area are
falls under the range of sandy loam
(15% clay) to clay loam (35% clay)
which indicates suitability for fish cul-
tivation. Pillay et al, 2005 [10], stated
that the fine- textured soils like clay,
silty clay, clay loam, silty clayloam and
sandy clay) are more suitable for pond
farms. Soil sample analysed from the
different locations of the study areas re-
veals that soils are moderate to highly
acidic in nature and falls under the low
productive category. Low soil pH may be
due high rainfall in the study areas which
is responsible of leaching out basic cat-
ions and leave behind acids (Al and H)
[8]. Soils under study area were found
low productive with regards to available
nitrogen and phosphorus which is con-
firmation of study CIFRI, 1985. Organic
carbon was recorded in wide ranges in
the study areas i.e low, medium to high
level (Table 3). As per recommendation
of package of Practices on carp culture
by CIFRI the suggested lime dose (Agri-
cultural lime stone CaCo,) to neutralize
acidity would be 2000 kg/ha/year. De-
ficiency of nitrogen and phosphorus in
fish farm can be overcome by applying
Urea @ 225-290 kg/ha/year and Single
Super Phosphate (SSP) @ 315-405 kg/
ha/year respectively [3].

4. CONCLUSION

Location specific aquaculture is
more appropriate than the conventional
aquaculture to achieve sustainable de-
velopment in aquaculture sector. Devel-
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opment of appropriate location specific
aquaculture technology and packages
of practices on scientific fish farming is
the need of the hour to accelerate fish
production in Meghalaya. It is advisable
that before starting fish culture, the soil
should be tested and treatment should
be given accordingly to enhance fish pro-
duction.
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especially in connection with fish. Besides ITK, bioresources
are seen to play an important role in the lives of indigenous
communities in Lai Lyngdoh area. The Lai Lyngdoh area in
Nongstoin is a group of 34 villages that falls under the ju-
risdiction of the three Lyngdoh i.e. Marskuin, Nonglwai and
Nongkhlaw located in West Khasi Hills District, Meghalaya.
The locals in the area mostly depend on the surrounding en-
vironment for their livelihood. From the surrounding forests
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preserved and practised in the indigenous communities and
the documentation of local culture and knowledge will play
an important role in conservation process. These resources,
however, need to be valued and used sustainably so that they
can continue to support the community.
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1. INTRODUCTION

Biological resources include all the needs and wants of human. The

products and services emanating from purpose of bio-resources is to provide a
natural environment that satisfies sustainable response to the need of food
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and to part of society’s requirements
for materials and energy, as well as
providing society with ecosystem
services [2]. The basic component of
any country knowledge system is its
indigenous knowledge. It encompasses
the skill, experience and insights of
people and is applied to sustain, improve
their livelihood [6]. Communities in
developing countries greatly rely on
indigenous natural resources or bio-
resources, which play an important role
in income generation. Ethnic group
across the global possess tremendous
amount of traditional knowledge, most of
which are poorly documented and hence
are largely unknown [4]. Recording
such knowledge is pivotal before they
get lost forever in the fast push for
modernization and globalization.

Fishers of India have a rich legacy
of indigenous knowledge, traditional
practices and customary rules and
regulations. It is widely acknowledged
that traditional knowledge of fishers and
their community-based management
systems hold immense value for
sustainable  fisheries management.
Over thousands of years, traditional
fishing communities in many parts
of the world have evolved numerous
social systems often unwritten to
regulate their fisheries and maintain
biological diversity. There is a need
to understand, respect and tap these
social resources for better governance
of fisheries. Careful documentation of
this knowledge will provide essential
elements to formulate management
plans towards ecologically sustainable
development. In the recent times, there
is a growing interest in the role that ITK
systems play in development. Research
is generating data showing the relevance
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of IK as a resource that provides a basis
for sustainable and environmentally
sound approaches to fisheries and
natural resource management. It is
widely acknowledged that traditional
knowledge of fishers and their
community-based management systems
hold immense value for sustainable
fisheries management

The role of indigenous traditional
knowledge in fulfilling the objectives
of biodiversity conservation; and to
recognize the consequences of climate
change at small scales is gaining
importance in the current mainstream
conservation models. Traditional
resource management systems are
considered to be unbiased system and
often ensure equitable sharing of benefits
forest and other natural resources [1, 3].
However, over exploitation of biological
resources along with excessive habit
change constitutes one of the major
worldwide threats to wildlife. In the
tropic, this problem acquires greater
significance with high human population
and the greater dependence of human
bio-resources for subsistence and
profiteering [5].

Like many indigenous communities,
the villages in Nongstoin, West Khasi
Hills, has a long tradition of natural
resources conservation based on custom
and religious belief that has been passed
on from generation to another. However,
very less attempts have been made so
far to document these natural resources.
Very little data is available on the types of
resources and services the areas have to
offer; and many a times; they are either
overexploited or not put to use atall, with
evidence of lack of proper management.
The present study, therefore, aim to
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document the diversity of bio-resources
inthe area and the indigenous traditional
knowledge practised in the use and
conservation of the biological resources
which may play an important role in the
conservation and management forest
and land resources of the areas.

2. MATERIALS AND METHODS

The study is conducted in
Lai Lyngdoh area in Nongstoin
(25°47°039.0”’N 91°33120”E), which is
located in West Khasi Hills District of
Meghalaya, India at an average elevation
of 1409 metres (4622 feet). West Khasi
Hills District coversanarea of3911.22sq.
km. and is bounded by Kamrup district
of Assam on the north-west, Ri-bhoi
district on the north-east, East Khasi
Hills district on the east, by Bangladesh
and South West Khasi Hills on the south,
and East Garo Hills and South Garo
Hills district on the west. Nongstoin is
located 84km from Shillong, the capital
city of Meghalaya. The area experiences
a humid subtropical tropical, dry winter
climate. The average rainfall ranges
from 1200mm to 3000mm per annum
(westkhasihills.gov.in).

The Lai Lyngdoh area in Nongstoin is
a group of 34 villages which falls under
the jurisdiction of the three Lyngdoh
i.e. Marskuin, Nonglwai and Nongkhlaw
located in West Khasi Hills District,
Meghalaya. Marskuin is the only one
Raid in the area. All of the villages are
connected by road. Three local dialects
are spoken here i.e.,, Nonglwai, Maram,
and Marskuin.

In the present study, villages
of Mawthungkper, Mynni mawbri,
Nonglwail, Nonglwai2, Nongklungrim,
Nongklung, Marang, Nongkynjang, Byrki
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Mawthun and Pyndensohphoh were
surveyed and interview were conducted
with the locals, women folk, elderly
and headmen of different villages
were conducted in order to acquire
information on the natural resources
of the area. Documentation and
photographs on agriculture produce,
wild edibles, local tradition, etc. were
recorded.

The information collection and
documentation about ITK is done by
interviewing local = knowledgeable
peopleincluding village elders, NGOs and
fishermen and on the spot observation.

3. RESULTS AND DISCUSSION

The locals in the area mostly depend
on the surrounding environment for
their livelihood. From the surrounding
forests and forest streams, a variety of
minor products are harvested and a
number of edibles which include wild
fruits, leafy green, wild vegetables,
mushroom, fish, frog, crustaceans,
tubers and medicinal plants are also
gathered. The main occupation of the
people in Lai Lyngdoh includes shifting
cultivation, agroforestry, basket making,
vegetable cultivation, rice cultivation,
poultry farming, pig farm, cattle farming,
fisheries, and flower gardening.

Agricultural practice and
agricultural products: The people
in Lai Lyngdoh solely depend on
agriculture and agricultural products.
Agriculture is, therefore, the backbone
for the livelihood of the people. The
main agricultural practice in this area is
rice cultivation. The other agricultural
practices include jhum cultivation or
shifting cultivation, vegetable cultivation
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and agroforestry. The principal crops
grown in the area includes potatoes, bay
leaf, pepper, tapioca, sweet potatoes,
citrus fruits, pineapples, bananas, etc.

Ka bri (Forest Garden) - Ka bri is the
general term to any cultivated land in
the Khasi Hills. Bri soh (fruit gardens)
are mostly found in the area, but bri
kwai (betel nut) and bri tympew (betel
leaf) plantations are not practiced here.
Cultivation of cash crop like broom
grass, orange, pineapple, bay leaf, black
pepper, food grains, colocacia, cucumber,
potatoes, jackfruits are done on the hill
slopes area.

Rep shyrtie (Shifting cultivation):
Shifting cultivation is commonly practice
in this area. It involves slash and burn
farming. Some of the crops that are
cultivated in shifting cultivation patches
are Solanum tuberosum, Manihot
esculenta, Fagopyrum esculentum, Zea
mays, Colocasia esculenta, Cucurbita
moschata, Phaseous vulgaris, Zingiber
offinale, Ipomoea batatas, vegetables
etc. Crops are planted and harvested
only in one cycle i.e. only during the
first year, and the area is replaced
by broom or bamboo cultivation. An
indigenous white tuberous delicacy
known as Sohphlang (Flemingia vestita)
is a common crop cultivated in the area
grown from the months of September
to February, where it is also planted in
jhum areas. The root is edible and is
a commonly consumed by the Khasi
community. The local farmers sell this
product in the nearby markets and in the
town of Shillong.
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Figure 1: Fleminga vestita
(sohphlang)

Kper (Home Garden): Ahome garden
is a farming system which combines
different physical, social, and economic
functions on the area of land around the
family home. Kper produces a variety
of food and other resources for both
household consumption and for income
generation. The main vegetables grown
in home gardens (Table 1) are coriander,
potatoes, pumpkin, basil, mushroom,
pepper, lemon, broccoli, mustard, peas,
green beans, brussel sprouts, tomatoes,
bell peppers, beets, carrots, etc. Home
gardens also produce crops like maize,
which is commonly grown in the area.
Flowers, orchids, tea and coffee are also
grown in the area.

Chayote/Squash (Sechium edule),
locally known as Biskot, is an edible
plant belonging to the gourd family,
Cucurbitaceae. It is a very prominent
and abundant species, and is grown
in the months of February-November
in the villages of Mawthungkper,
Mynni mawbri, Nonglwail, NonglwaiZ2,
Nongklungrim, Nongklung, and Marang.
The locals build traditional support
frames made of bamboo for the chayote
to grow and extend, and these bamboo
frames are usually replaced after a year
or two.
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Table 1: Vegetables grown in the home gardens in Lai Lyngdoh

Sl. | Botanical name Family name Common name Local

No. name

1 Albelmochus Malvaceae Okra Bindi
esculentus

2 Allium fistulosum Amaryllidaceae | Welsh onion Jyllang

3 Allium cepa Amaryllidaceae | Onion Piat

4 Allium sativum Amaryllidaceae | Garlic Rynsun

5 Beta vulgaris Chenopodiaceae | Beetroot Bit

6 Brassica oleraceae var. | Brassicaceae Cauliflower Phul kubi
botrytis

7 Brassica oleraceae var. | Brassicaceae Cabbage Kubi
capitata

8 Capsicum annuum Solanaceae Red capsicum Sohsat

jhur

9 Capsicum frutescens Solanaceae Chilli Sohsat

10 | Coriandum sativum Apiaceae Coriander Dhunia

11 | Colocasia esculenta Solanaceae Yam Chriew

12 | Cucumis sativus Cucurbitaceae Cucumber Soh khwe

13 | Cucurbita moschata Cucurbitaceae Pumpkin Soh

pyrlaw

14 | Daucus carota Apiaceae Carrot Kajor

15 | Ipomoea batatas convolvulaceae | Sweet potato Phan karo

16 | Momordica charantis | Cucurbitaceae Bitter gourd Kerela

17 | Phaseous vulgaris Fabaceae Green beans Prisbin

18 | Pisum sativum Fabaceae Pea Mator

19 | Raphanus Brassicaceae Radish Sohlakum
raphanistrum sativus

20 | Sechium edule Cucurbitaceae Chayote Biskot

21 | Solanum melongena Solanaceae Aubergine Baingon

22 | Solanum lypopersicum | Solanaceae Tomato Sohsaw

23 | Solanum tuberosum Solanaceae Potato Soh phan

24 | Solanum tuberosum Nightshade King Edward potato | Phan saw

25 | Zingiber offinale Zingiberaceae Ginger Syieng
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Bsah: This is one of the most
environmentally method of cultivation
and it is similar to agroforestry. In this
type of cultivation, cash crops namely
betel leaf, black pepper, are mainly grown

with proper management of the natural
forest because these crops require trees
for their support and growth. Citrus
fruits are also grown and other wild fruit
are raised and managed (Table 2).

Table 2: Fruits cultivated in the villages of Lai Lyngdoh

Sl. No. Botanical name Family Common name | Local name
1 Actinia deliciosa Actinidiaceae | Kiwi Soh kiwi

2 Citrus limon Rutaceae Lemon Sohjew

3 Citrus recticulata Rutaceae Khasi mandarin | Sohniamtra
4 Psidium gujava Myrtaceae Guava Soh pyriam
5 Prunus persica Rosaceae Peaches Soh phareng
6 Pyrus communis Rosaceae Pear Soh phoh

7 Prunus domestica Rosaceae Plum Soh plom

8 Prunus nepalensis Rosaceae Sohiong Soh iong

9 Vitus vinifera Vitaceae Grapes Soh kraip

Bri soh (Fruit Garden): In Bri soh,
citrus fruits such as Citrus recticulata
(Khasi mandarin) is the main produce
cultivated. Varieties of other vegetable
crops are also grown in the same land.

Agroforestry - The people in West
Khasi Hills practice agroforestry. This is
an old indigenous method of cultivation
where the economically importantplants
are grown and managed mainly in the
form of a forest garden. A forest garden
is an agroforestry system which mimics
a natural forest which is sustainable,
stable and low-maintenance and is
created for the cultivation of food crops.
Different types of plants are grown in
these forests which include banana,
oranges, black pepper etc. These forests
are the main source of cash income
for the local people. Agroforestry is
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practiced in some of the villages of
Mawthungkper, Nonglwail, Nonglwai2,
Nongkynjang, Byrki mawthung, and
Pyndensohphoh. Organic farming
is practised for increasing the crop
production and enhancing soil fertility.
Moreover, marigolds are planted by
farmers to eliminate agricultural pests.

Wild fruits and vegetables: The Lai
Lyngdoh area is very rich in wild fruits
and vegetables due to the availability
of dense forests and favourable
environment conditions. Wild fruits are
collected and consumed by the locals
(Table 3); wild animals in the forests
also eat such fruits. Many fruits and
vegetable (Table 4) are collected from
the surrounding environment in the
villages during different season of the
year.
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Table 3: Wild fruit in the forests of Lai Lyngdoh
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Sl. | Botanical Family Common Local Harvest

No. | name name name period

1 Eleagenus Eleagnaceae | Spiny oleaster | Sohchang March-May
latifolia

2 Morus nigra Moraceae Black Soh sim March-June

mulberry

3 Myrica Myricaceae | Box myrtle Soh phei March-June
esculenta

4 Myrica nagi Myricaceae | Box myrtle Soh phei March-April

nam

5 Prunus Rosaceae Sohiong Sohiong March-April
nepalensis

6 Rubus Rosaceae Black berry Soh March-June
ulmifolius khariong

7 Rubus Rosaceae Cheeseberry | Sohweit March-June
ellipticus

8 Viburnum Viburnaceae | Stinking Sohlang July-
foetidum viburnum September

Table 4: Wild vegetables in the forests of Lai Lyngdoh

SL Botanical name family Common Local name

No. name

1 Allium tuberosum Amaryllidaceae | Garlic chives Jwe lang

2 Aristolochia pistolochia | Aristolochiaceae | Pistolochia Jathang

3 Fagopyrum esculentum | Polygonaceae Silverhull Jarain

4 Houttuynia cordata Saururaceae Heart leaf Jwepyrtoh

5 Mentha spicata Lamiaceae Mint Pudina

Mushrooms: Numerous edible tung (Lentinula edodes) is one of the most

mushrooms (locally known as tit) are
found in the Lai Lyngdoh area (Table
5). The local people collect these from
forests for food or to be sold in the
markets. Nowadays, the people of Lai
Lyngdoh area have also started the
practice of cultivation of mushroom. Tit
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prominent mushrooms of the area and
has high commercial value. Mushrooms
are collected during the month of April-
May when the area receives the first
rainfall of the year.
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Table 5: Edible mushroom from the forest of Lai Lyngdoh

Sl Scientific name Family Local name | Harvest period
No.

1 Agaricus campestris | Agaricaceae Tit eitmasi April-May

2 Amanita caesarea Amanitaceae Tit thlong April-June

3 Daldinia concentrica | Hypoxylaceae Tit siaw May-July

4 Gomphus floccosus Gomphaceae Tit sin May-June

5 Lentinula edodes Omphalotaceae | Tittung April-May

6 Pleurotus ostreatus Pleurotaceae Tit tlai May

7 Ramaria sp. Gomphaceae Tit syiar July-November
8 Unknown Tit lakhar June-August

9 Unknown Tit lap June-July

10 Unknown Tit tynrai May-June

Paddy cultivation: Paddy cultivation,
locally known as thung kba, is one of
the main sources of income in the Lai
Lyngdoh area. The cultivation is carried
out in the months of May to November.
Khaw saw or Red rice is also common in
the area.

Bamboo cultivation: Villages in the Lai
Lyngdohareagrowbamboo where nearly
every house has their own bamboo patch
in their property. Bamboos are utilized
for various purposes such as making
fence, huts, basket making, ladders,
bridges, etc. Bamboo species present in
the area are locally as skhen, ktang and
skhen langka.

Orchids: The Lai Lyngdoh area is very
rich in orchids which are mostly found
in the forest areas growing in the wild
(Table 6). They are found growing on
the surface of rocks and on branches of
trees. The forests of Nonglwai area have
the most species of orchids, many of
which are still not identified. Alocal, Bah
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Char, collects these unknown species
and preserve them in a restricted area
of the village. Villagers collect orchids
for decoration or they are sold in the
local markets for additional income.
Dendrobium species are abundantly
found in the area of Lai Lyngdoh.

Table 6: Diversity of Orchids found in

Lai Lyngdoh

Sl. | Botanical name | Month of

No. blooming

1 Acampe rigida September

2 Aerides June
multiflora

3 Anoectochilus sp. | November
Anthogomium August
gracile

5 Arundina July
graminiflora

6 Ascocentrum March
ampullaceum
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7 Bulnophyllum July 22 | Dendrobium sp. | May
odoratissum 23 | Eria stricta December
8 Bulbophyllum September y
griffihti 24 | Eria bipunctata | August
9 Bulbophyllum June 25 | Eria I November
. bambusifloria
affine .
10 | Bulbophullum sp. | December 26 | Eriodes barbata | October
11 | Calanthe sp. May 27 | Flickingeria sp. | July
12 | Cleisocebtron August 28 | Luisiasp. September
pallens 29 | Neogyna November
13 | Cleisostoma August garderiana
racemiferum 31 | Papilionanthe March
14 | Crepidium April vandarum
accuminatum 31 | Pleione October
15 | Cymbidium sp. November malculata
16 | Dendrobium May 32 | Pleione praecox | November
fimbriatum 33 | Paphiopedilum November
17 | Dendrobium July hybride
moschantum 34 | Thunia alba July
18 | Dendrobium July Medicinal plants
chrysanthum
19 | Dendrobium October _ A number of me(liicinal plants_ used
eriiflorum in local herbal remedies are found in the
. villages and forests of Lai Lyngdoh. A few
20 | Dendrobium March of the medicinal plants are enumerated
hetrerocarpum below (Table 7) with a brief description
21 | Dendrobium June of their uses.
transparens
Table 7: A few of the Medicinal plants utilised in the villages of Lai Lyngdoh
Sl. | Botanical name | Family Common name | Local name |Uses
No.
1 Angelica Apiaceae Wild angelica Dieng iaplap |Use for
sylvestris treating
wound
2 Ageratina Compositae | Crofton weed Dieng soh Paste is
adenophera pang khlieh | applied in
wounds
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3 Aspilia Asteraceae Wild sunflower |Jwetur Use for
mossambicensis stomach
ache
4 Agrimonia Rosaceae Agrimony Phanrain Use for
eupatoria treating
skin
diseases
5 Centella asiata | Apiaceae Marsh Sohkhliang | Use as
pennywort syiar stomach
ache
6 Crassocephalum | Asteraceae Fireweed Kynbad Use for
crepidiodes chynreh treating
wound
7 Lantana camara | Verbenaceae |Common Tiew awieng | Use for
lantana treating
skin burn
8 Ludwigia Onograceae | Hampshire- Jwesat Use for
palustris purslane treating
chicken
diseases
9 Melastoma Melatomataceae | Indian Tiewthlong | The root
malabathricum rhododendron are use for
those who
have low
nutrition
10 | Paris polyphylla | Melanthiaceae |Love apple Soh bsein Use for
treating
wound and
low Bp
level
11 | Solanum nigrum | Solanaceae Common night |Sohsatrain | Use for
shade treating
low Bp
12 | Stellaria Carophyllaceae | Greater Studsyiar Use for
holostea stitchwort treating
skin
diseases
© 2022, St. Anthony’s College, Shillong 66
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Freshwater Aquatic resources

The streams and rivers in the villages
are rich in aquatic resources. During
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the present study, a few of the species
of catfish, sucker fish, carps including
prawns, crabs and aquatic insects were
caught and are listed below (Table 8).

Table 8: Freshwater Aquatic resources collected from streams and rivers in
the villages of Lai Lyngdoh

Sl. No. | Scientific name Family Common Local
name name
1 Acheilognathus sp. Cyprinidae Byrthih
2 Channa sp. Channidae Catfish Dohthli
3 Glyptothorax sp. Sisoridae Catfish Dohplin
4 Labeo rohita Cyprinidae Carp Dohkha
bah
Macrobrachium sp. Palaemonidae Prawn Skweit
Geothelphusa dehaani | Gecarcinudae Crab Thwom
Parathelphusa sp. Gecarcinucidae | Crab Thwom
ktih
8 Neocurtilla Gryllotalpidae Northern mole | Pait
hexadactyla cricket langbor

ITK used in connection with fish
and fisheries:

The locals for catching fish and
other aquatic resources from the water
employ a number of fishing gears. Local
made bamboo fish traps, fishing rods,
bamboo spears and small fishing nets
are employed for the purpose. The
flowering plant chickweed, Stellaria
holostea (Family - Caryophyllaceae), is
locally used as a fish poison in ponds or
small streams. The roots of the plant
are mashed into a paste and introduced
into water bodies. After about 20-30
minutes, the effect of the root poison is
seen and fishes affected by the plant float
to the surface and are easily collected.
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The plant is for fish bait is Sohsying
and Sohlang. Sohsying is also known as
Jhalu and Sohlang is generally known as
Dieng sohlang. It is used as fish bait. The
fruit is used as bait for attracting and
catching Mahseer and Hill trout (Barilius

sp.)
4. DISCUSSION

Bioresources are seen to play an
important role in the lives of indigenous
communities in Lai Lyngdoh area and
are not likely to lessen in eventual future.
These resources, however, need to be
valued and used sustainably so that they
can continue to support the community.
Traditional methods and ways in
the use of bioresources is practised
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and still preserved in the indigenous
communities and the documentation of
local culture and knowledge will play an
important role in conservation process.
Forests and their products provide
numerous benefits for humans and for
their survival. Judicious and sustainable
use of bio-resources including forest
resources should be approached to
provide long-term sustenance to
the locals who make their living by
harvesting these resources. Important
species in forests that have commercial
value as food, animal feed, medicines,
etc. should identified, quantified and
encouraged to increase in their numbers
so that they can be a means of supply
of non-timber forest products for the
local people. Shifting cultivation, though
a primitive practice, still remains a
source of lively hood among majority
of the farmer of the Lai Lyngdoh area.
Nowadays, a number of local customs
and practices have disappeared and an
abundance of the indigenous knowledge
is at peril due to rapid changes in our
modern world. Itis therefore imperative
to apply techniques to manage forests
for the services and supply it can render,
in a sustainable manner.

Presently, there is a growing
interest in the role that ITK systems
play in development. The finding of
ITKs stretches the relevance of ITK as
a resource that provides a basis for
sustainable and environmentally sound
approaches to fisheries and natural
resource management
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