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An Empirical Study to Understand the Impact of
Crude Oil Prices on Indian Stock Market.

Amritendu Roy
Assistant Professor of Economics,
Dumkal College, Murshidabad, W.B, India

Abstract

India is the 3rd largest oil importing nation and world 7 largest cconomy. Around 80% of crude
requirements are imported. Nearly 60% of its imports constitute crude oil. This makes it at least 2% of its
India’s full year GDP. Rising crude affects India’s balance of payments. It also affect rupee negatively as
more money flows out of the system to buy dollars to pay crude payment. Global crude oil price change on
the back of geo-political fierce like war etc or over a potential demand supply disruption or any policy stance
taken by the OPEC countries. It is important to study the impact of oil price movements and stock market
prices because the emerging economies like India continue (o grow and prosper and are anticipated (o ply
larger influence over the world economy.

This study aims to find out whether therc is any long term corrclation between stock pricc movements
with respect to changes in crude price. Our study used monthly data from April 2001 to April 2019. Unit root
test, Johansen co integration test, Granger causality test have been applicd to study long term relationship
between them. Empirical results have found that there is no correlation between the variables.

Keywords: Crude price, Co-integration, Stock Market

Introduction

Integration of international markets and Liberalization of emerging economies characterized with
international investments and increased level of capital flows have made the global investments more
vulnerable to emerging stock markets with respect to oil price fluctuation. Economic variables are affected
by small changes in oil prices.

Rise in oil prices may have adverse effects depending on whether the increase in crude oil prices is
driven by supply shocks or demand shocks. Further rises in oil price may have negative eftects on emerging
market economies that has no oil producing facilities and positive effect on the oil producing countrics.
Crude price movement plays a crucial role in the development of an economy. The recent rise in price is due
to production cut by oil producing countries and improvements in global demand as the food is rolled out
across the world. Brent crude price crossed US dollar 60 per barrel after over a year. In January 2019 the
West Texas Intermediate (WTI) crude slipped below zero for the first time in history to a negative US dollar
40.32 per Barrel. A large number of oil producing countries cut oil production previous year due to a sharp
fall in demand caused by lack of food. Saudi Arabia decided along with other major oil production countries
of the world to deerease oil production, Saudi Arabia alone decrease oil production by one million barrels

cach day to increase crude prices.
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Abstract. A generalized equation is constructed for a class of classical oscillators with strong anharmonicity
which are not exactly solvable. The Aboodh transform-based homotopy perturbation method (ATHPM) is
applied to get the approximate analytical solution for the generalized equation and hence some physically
relevant anharmonic oscillators are studied as the special cases of this solution. ATHPM provides the
approximate analytical solution of the generalized equation in a simple way. The solution from this simple
method not only shows excellent agreement with the numerical results but is also found to be of better
accuracy in comparison to the solutions obtained from other established approximation methods whenever
compared for physically relevant special cases.

1 Introduction

Most of the physical systems are nonlinear in nature and hence they are mostly not exactly solvable [1-3]. Although,
getting numerical solution for the differential equations representing systems involving nonlinearity are sometimes easy,
one desires to get the analytic solution of such problems as they carry more information and hence give a better insight
into the system. The perturbation method is a widely used method for finding an approximate solution to complex
nonlinear systems, especially with the nonlinear term appears as an additional term of small order to an exactly solvable
problem. As the equations for many nonlinear systems do not have small parameter, application of perturbation
technique is highly restricted. There are many techniques for solving nonlinear oscillator problems analytically such as
the harmonic balance method [4], the Krylov-Bogolyubov-Mitropolsky method [5], weighted linearization method [6],
perturbation procedure for limit cycle analysis [7], modified Lindstedt-Poincaré method [8], Adomain decomposition
method [9], artificial parameter method [10], Homotopy Analysis method (HAM) [11,12], Laplace transform based
variational iteration method [13] and so on. Most of these methods are not only involved the calculational rigor but
also failed to handle problems with strong nonlinearity properly. Recently, a new technique is proposed to obtain an
analytical solution to the dynamic model of a wind-power system which found to yield very good results without any
higher-order approximation [14]. Energy balance method (EBM) proposed by He [15] based on the variational principle,
is one of the commonly used non-perturbative techniques. This heuristic approach is found to be working well for several
strongly nonlinear systems [16-18]. There exists another non-perturbative analytic method due to He [19] known as
frequency-amplitude-formulation (FAF) method, which finds a lot of successful applications [16,20,21]. FAF does
not require a small parameter and a linear term in the differential equation. Recently, Nofal et al. [22] employed FAF
followed by EBM, to study some physically relevant anharmonic oscillators with strong anharmonicities and concluded
that this FAF-EBM method has given much better accuracy in comparison to that obtained by using EBM alone.

He developed the homotopy perturbation method (HPM) for solving linear, nonlinear, initial and boundary
value problems [23,24]. In this method, the solution is given in an infinite series usually converging to an accurate
solution [25,26]. HPM is found to be very efficient in solving problems with strong nonlinearity in classical [23,24,27]
as well as quantum mechanical domain [28].

# e-mail: tapassil@iiitdm.ac.in



Page 2 of 10 Eur. Phys. J. Plus (2019) 134: 462

Table 1. Important Aboodh transforms of some functions.

f ) 1 t t" et sin(at) cos(at) tsin(at) sinh(at) cosh(at)
A[f(t)} 1%2 l,% % l,zim, V(l,ziaz) <l,241ra2) (1,2322)2 l,<l,2a,a2> (1,27;%

Aboodh introduced a transform [29] derived from the classical Fourier integral for solving ordinary and partial
differential equations easily in the time (¢) domain. Aboodh transform (AT) has been applied for different types of
problems and is found to be a very simple technique to solve differential equations.

We construct a generalized nonlinear differential equation which, under certain approximation, reduces to different
physically relevant problems, such as vibration of tapered beam, motion of a particle in arranged parabola, Mathews-
Lakshmanan oscillator, etc. The Aboodh transform-based homotopy perturbation method (ATHPM) is applied to
find out a generalized solution to these problems and hence to get the displacement (z) and the frequency oscillation
(w) for the special cases. We compare ATHPM results to those obtained from FAF-EBM and numerical calculations
(RK4) to check its accuracy.

This paper is organized as follows. In sect. 2, we demonstrate briefly the formulation of ATHPM. Applications of
ATHPM to study some physically relevant anharmonic oscillators have been shown in sect. 3. Finally, in sect. 4, we
provide a brief discussion and our conclusions.

2 Formalism

If f(t) is the piecewise continuous function of ¢, the corresponding Aboodh transform is defined as [29]

A =) =5 [ Fe i 020,k <v <, 1)

where k1, ko > 0 and may be finite or infinite. In order to make sure that this integrand diminishes rapidly for the
convergence, or f(t) does not grow rapidly, it is assumed that f(¢) is a function of exponential order. The Aboodh
transform of some functions, useful for this article, are presented in table 1. The inverse Aboodh transform of a function
can also be obtained from table 1. The Aboodh transform of the first- and the second-order time derivative of z(t) is
given as follows:

Al @) = vi) - 12
A @) =) - "0 ), ®

Let us consider a nonlinear inhomogeneous differential equation as
Lz(t) + w?z(t) + Rz(t) + Nx(t) = g(t), (3)

with the initial conditions at ¢ = 0,2(0) = a and 2/(0) = 0 Here, L is the second-order linear differential operator

(L= g—;), R is the linear operator having an order less than L, N is the nonlinear operator, g(t) is the inhomogeneous
term and w is a parameter. Now, taking the Aboodh transform on both sides of eq. (3), we get

AlLz(t)] + w? Alx(t)] + A[Rz(t)] + A[Nz(t)] = Alg(t)]. (4)

Using the differential properties of the Aboodh transform (AT) as mentioned above and the initial conditions, eq. (4)
can be written as

o) = (o ) 20+ o~ (s ) Aol = (o ) ANa(0] - (s oz ) Al 6)

Taking the inverse Aboodh transform on both sides of eq. (5), we get

o) = Xo(0) - A7 | (g ) AlRa(0)] = 47| (G ) AWatol| - a7 | (s ) Al @

v2 4+ w? v2 + w? 2 4+ w?

Xo(t):A‘lK ! )x(O)—FV(x/(O)]. (7)

2 + w2 V2 + w?)

where
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According to the homotopy perturbation method [23,19,28], we may expand z(t) in power of an embedded parameter
p (0 <p<1)as, x(t) = > 7 p e, (t) and nonlinear term Nz (t) = >0° p"Hy,(x), where He’s polynomial H, ()

can be written as
1 d» S
H,(z) = — N "z, (t
@) = g [ 3 s

By the construction of homotopy, here we get an exactly solvable problem for p = 0 whereas p = 1 corresponds to the
nonliear problem for which we are trying to find the solution. Applying HPM and substituting the value of z(t) and
Nz(t) in eq. (6) in terms of the power series of p and H,(x), we get,

gpma):Xo(t)—p(A-l () At H
(o) 4 Zp"H +A‘1Kyziwz)f“[g“>]D- )

Comparing the coefficient of like power of p on both sides, we get the following relations from eq. (9),

p° : xo(t) = Xo(t), (10)

P = -7 | (o ) AlRrso]]| - a7 | () Al - 47 | (S ) Awl] . an
P raalt) =47 | (oo ) Al 0] - a7 | (s ) Al )] - a7 | (5 ) ] a2

The approximate solution, as p — 1, is

. n=0,1,2,3,.... (8)

+ A7t

<>—;gnzp 2a(t) = wot) + w1() + @2(t) + 23(1) + ... (13)
n=0

Here, xo(t) is the zeroth-order term which corresponds to the solution p = 0 homotopy, i.e., the exactly solvable part
of the equation. The first order correction is represented by x; and zo is the second order term and so on. It is to
be noted that the approximate solution of x(¢) in eq. (13) is independent of the expansion parameter p or any other
perturbative parameter. The HPM solution not only converges very fast but it also gives the exact solution with the
certain assumption [26,30].

3 Applications

We construct the following differential equation representing the general form of a group of nonlinear oscillators which
are profusely used for describing physical systems [18,22,31-33] encountered in science and engineering:

d2z /\x—|—a1x(d—m) + agx® (if) + asx® + agx®

g =0, 14
ae " T+ b1a? + by (14)
where A, a1, aa, as, aq, by and be are arbitrary parameters. Let us rewrite eq. (14) as
d2z d%z d2z dz\? dz\?
1= +wlz = (w2 - Nz — bia?—— e 621’4@ —aix <dt) Y (dt) — a3z — agx”®, (15)

where w is the frequency of oscillation of the system. We apply AT on both sides of eq. (15) to get
x(v) = (M) £(0) + u(;(f)m EEY (V2 iaﬂ) Alz]
) o k)8
() 4o ()] o () (2]

—a (VQ iuﬂ) Al — ay (zﬁiaﬂ) Al (16)
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With help of the properties of inverse Aboodh transform, as given in table 1, and applying the initial conditions,
2(0) = a and 2/(0) = 0, we obtain x(t) from eq. (16) as follows:

2(t) = acoswt + (W* — N A~ Kl> A[x]}

V2 4+ w?

-t [uw) )| () 4[]
i) A (5) )] oot () 2
—agA! [(V2 - wg) A[x?’]] —agA! [(ﬂ in) A[x‘ﬂ . (17)

With the help of the properties of AT and inverse AT, we obtain the coefficients of p” and p' from eq. (10) as follows:

— alA

pY : 20(t) = acos(wt),

1 3 5 1 1 3 5

1, _ 2 O, 3.9 9 59 1 o349 Ll 59 9 5 O 5
pxi(t) = o [a(w A) + 4b1a w’ + 8b2a w 4a1a w 8a2a w 4a3a 8a4a ] tsin wt

1 1 1 1 5
+ 2 [ (a1 + b1) a®w? + 6 (ag + 5by) a°w? — 1a3a3 - 16a4a5} (cos wt — cos 3wt)

1 (1 1.
_— {16 (ag + by) a®w? — 16240 (coswt — cos bwt). (18)

To avoid the secular term, we put the coefficient of ¢sinwt equal to zero, i.e.,

a(w2 —A)+ Zblang + gbgaswz — Zala?’wz — §a2a5w2 — %agag — ga4a5 =0, (19)
which gives the angular frequency of nonlinear oscillation as
8\ + 6asa? + basat
w= . (20)
8 + 2&2(3b1 - al) + (5b2 — ag)a4

Using eq. (19) in eq. (18), we get the analytic solution from eq. (17) to the generalized equation (14), considering the
first order approximation as

xarupm(t) = acoswt

+ 302 {4 (a1 +b1) a®w® + — 16 (az + 5by) a’w® — Za3a3 - 1—6a4a5 (coswt — cos 3wt)
1 1 , 1 5
+ 242 |16 (a2 + 52) w” = an (coswt — cos bwt). (21)

We shall study different physically relevant cases considering different sets of force parameters in eq. (14).

3.1 Case 1: Motion of a particle on a rotating parabola

We consider the equation of motion of a particle sliding down freely on a parabola which is rotating about its axis [4,
34],

@ w3z + 4g’x(4E)?

dt2 1+ 4222
which also represents the movement of the double-slider mechanism [35]. This may be obtained from the generalized
equation (14) by choosing, A = w2, a; = 4¢%, ag = a3 = ag = 0, by = 4¢* and by = 0. The frequency of this nonlinear
oscillator by employing ATHPM may be obtained from eq. (20) substituting the parameters as mentioned above and
can be written as

=0, (22)

N (23)

V1+2¢2a2’
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Fig. 1. Plot of variation of displacements xrx4(t) (black solid line), x arapa () (blue circles), and xpar—gpum(t) (red squares)
with time (¢) are shown in the three panels of the left column for three parameter sets A, B, C in the top panel, middle panel,
and bottom panel, respectively. Errors in approximate calculations with respect to RK4, €,4 and €, for the same parameter
sets are displayed in the right column.

which is the same as that given by Davodi et al. [32] obtained using the amplitude frequency formulation and also
the same as that given by Nofal et al. [22] employing frequency amplitude formulation based energy balance method
(FAF-EBM). The approximate solution of eq. (22) is obtained by ATHPM from eq. (21) as

1
zarupm(t) = acoswt + 1q2a3 (coswt — cos 3wt) . (24)

Also, the approximate result by the FAF-EBM is

rpar—gBM(t) = acos ( e t) . (25)

We plot the displacement obtained from ATHPM x srmpa(t) (blue circles) eq. (24) with increasing time ¢ for three
sets of values of parameters (a,wp,q) in the left column of fig. 1 and compared with the same given by FAF-EBM
method zpap_ppam(t) (red squares) eq. (25) and also that obtained by numerical solution of eq. (22) employing forth-
order Runge-Kutta (RK4) method xzrx4(t) (black solid line). It is seen that for all the parameter sets (A:(0.5,0.8,0.5)
for top panel, B:(0.5,0.5,0.8) middle panel and C:(0.8,0.5,0.5) in the bottom panel), approximate displacements match
extremely well with the xrx4.

The error in approximate solutions of displacement with respect to its values calculated using RK4, €, 4(= 2rixa —
Zarupm, blue circles) and e,p(= Trk4 — Trar—pBM, red squares) are displayed in the right column for the same
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Fig. 2. Plot of error in displacement obtained from Python function odeint e;p (black solid line), eq. (24) eza (blue circles)
and eq. (25) e.r (red squares) with respect to those calculated from RK4 versus time for different values of the mesh size (h)
of time ¢.

parameter sets. Errors involved in both of the approximate solutions of z(t) are small (maximum value €, 4 0.045 and
€7 0.074) within the ranges of the time ¢ and for the parameters considered. All three panels in the right column
show that accuracy of xarmpas(t) is much improved in comparison to par— g (t).

In fig. 1, a comparison of the results obtained from ATHPM and FAF-EBM is done considering those from RK4
method as the reference. In order to check the reliability of RK4 results, we compute the displacement (zpy ) by solving
eq. (22) using Python (function “odeint”) for the parameter set B. We plot, in fig. 2, the error €,p(= Trx4 — Tpy),
along with €, 4 and e, r as a function of time ¢ for different values of mesh size (h 0.01, 0.001, 0.0001 and 0.00001) of
time t. It is observed that e,p (black solid line) remains very close to zero, through out the span of time considered
here, whereas €, 4 (blue circles) and e, (red squares) having maximum error 0.028 and 0.046, respectively. The errors
€zA and e,p remains the same for all values of h. This gives the confidence about the accuracy of the numerical
solutions using RK4 which is taken as the reference when we compare solutions from two approximation methods such
as ATHPM and FAF-EBM.

In table 2, we display, the maximum error e2'4* in displacement obtained from ATHPM in the second column, the
occurrence of maximum error at the time (¢4**) in the fourth column and the values of the displacement x3** at ¢}** in
the fifth column for a range of values of the force parameters. We have also displayed the values of the same quantities
obtained from FAF-EBM e'5*, t%**, and «2** in the third, sixth and seventh columns, respectively, to compare the
corresponding ATHPM results. We see, the order of magnitude of the error are same in the displacement obtained
from both the approximate methods although the ATHPM results are found to give better numerical accuracy than
FAF-EBM specially at larger values of the force parameters.

3.2 Case 2: Tapered beam

Tapered members are increasingly used in the construction industry because of their unique ability to combine effi-
ciency, economy and aesthetics —the three corner stones of structural art [36]. Tapered beam is an important model
for engineering structures having variable stiffness along the length such as tree-branches, turbine blades, bridges,
etc. The fundamental vibration mode of a tapered beam can be expressed as the following nonlinear differential
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Table 2. Comparison of maximum error in calculation of displacement (z(t)) in ATHPM (e;3*) and FAF-EBM (e #°) methods
for different values of the force parameters. The locations of occurrence of maximum errors for both models are displayed in
last four columns.

max

max

max

max

Parameters €xi €xp [y ) tE™ TR
a=0.5 wo=0.5
q=0.2 0.0011 0.0003 20.0 —0.4451 19.6 —0.4803
0.5 0.0025 0.0025 94 —0.0011 94 —0.0012
0.8 —0.0033 —0.0296 20.0 —0.4038 20.0 —0.4038
1.0 —0.0259 —0.0603 20.0 —0.2114 20.0 —0.2114
1.5 0.08643 0.1031 12.0 —0.2980 14.7 0.2747
a=05,¢=05
wo = 0.2 0.0026 —0.0061 20.0 —0.4108 20.0 —0.4107
0.5 0.0025 0.0025 9.4 —0.0012 9.4 —0.0012
0.8 —0.0039 —0.0127 20.0 —0.4166 20.0 —0.4166
1.0 0.0119 0.0207 18.2 —0.0313 18.8 0.2575
1.5 0.0002 0.0002 20.0 —0.4997 20.0 0.4997
wo=0.5,¢=0.5
a=0.2 0.0004 0.0001 20.0 —0.1780 19.6 —0.1921
0.5 0.0025 0.0025 94 —0.0012 9.4 —0.0012
0.8 —0.0052 —0.0473 20.0 —0.6461 20.0 —0.6461
1.0 —0.0518 —0.1205 20.0 —0.4228 20.0 —0.4228
1.5 0.2593 0.3095 12.0 —0.8942 14.7 0.8243
equation [37-39]:
d?x  x+ex (%)2 + B3 o (26)

a2 1+ ex?
The same equation may be obtained by choosing the arbitrary parameters in eq. (14) as A =1, a1 = ¢, as =0, ag = 3,
as =0, by = ¢, by = 0. The ATHPM frequency can be obtained from eq. (20) as

[4 + 3Ba?
R VO + 2ea?’ (27)

which is the same as that given by FAF-EBM method [22]. The approximate solution by ATHPM (zargpar) to
eq. (26) is obtained from eq. (21) is as follows:

1 1 1
Tarapm(t) = acoswt + 2 {25a2w2 — 45@3} (coswt — cos 3wt), (28)

where the same as that given by FAF-EBM [22] is

[4 + 3Ba?
_ = S —_— . 2
TEAF EBM(t) a cos ( 1T 2002 t> ( 9)

In fig. 3, we plot the exact displacement from numerical solution z g4 (solid line), zpar—_gpnm (squares) and xargpy
(circles) for two different parameter sets U (a = 1, € = 0.1, 8 = 1, in the upper left panel) and V (a =1,e =1, =1,
in the upper right panel). We have also compared the variation of errors €, 4 and €, with time for the aforementioned
parameter set in corresponding bottom panels.

It is found, from the top panels of fig. 3, that the approximate solutions for the displacement of tapered beam mimic
with those obtained from the RK4 very well for the range of time and parameter sets considered for this study. In this
case, the accuracies of the solutions obtained by ATHPM and FAF-EBM are similar. A close look at the error-graphs
€xA(= TrK4 — TaTHPM, solid line) and e¢,p(= *rx4 — TrAF—EBM, squares) versus time ¢, displayed in the bottom
panels of the figure corroborates the conclusion made from the plots presented in the top panels.
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Fig. 3. Plot of variation of displacements zrx4(t) (solid line), zarmpar(t) (circles), and zpar—gsMm(t) (squares) with time ¢ are
shown in the top row for two parameter sets U, and V in the left panel, and the right panel, respectively. Errors in approximate
calculations €, 4 and e, for the same parameter sets are displayed in the bottom panels.

3.3 Case 3: Autonomous conservative oscillator

Let us consider the force parameters, a; = €, as = 2, ag = 3, ag = 7, by = € and by = . From eq. (15) we obtained
the equation of motion as

2 2
o o er (4)° + 2009 ()" 4 50 407 _
de? 1+ ex? 4 ax?

0, (30)

which represents the free vibrations of an autonomous conservative oscillator with fifth order nonlinearities [18,40,41].
Here motion is assumed to start from the position of maximum displacement with zero initial velocity. The parameter
A is an integer which may take values from —1, 0, 1 and ¢, a, 3, v are positive parameters. The solution to the above
equation may be readily obtained from the generalized solutions equations (20) and (21) with the help of ATHPM.
The approximate frequency as a function of amplitude is obtained as

2 4
_ \/8>\+6ﬂa + 5ya (31)

8 +4ea? + 3aat ’

which is the same as that given by the FAF-EBM method [22] but differs from the expression of frequency reported
by Mehdipour et al. [18], using EBM,

y 1 \/ 12X + 96a2 + Tya* (32)
EBM = /3 8 + 4ea? + aat
The ATHPM solution of eq. (30) is
xA (t) = acoswt + 1 laanQ + laa5w2 - lﬁa?’ - 37a5 (cos wt — cos 3wt)
e 8w? |2 16 4 16
1

oY) {maa5w2 - 16705} (cos wt — cos bwt), (33)

where the same is given by FAF-EBM as
Trar—gBM(t) = acoswt. (34)

It is noted that, unlike pap_EBM, TaTH Py contains terms from higher harmonics (3w and 5w).
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Fig. 4. The plots of displacements xarrapa (t) (circles), xpar—epm(t) (squares), and zrx4(t) (solid line) as a function of time
t for parameter set P is displayed in the left top panel. Comparison of errors ez4 (solid line) and e;r (squares) are given for
parameter sets @ (right top panel), R (left bottom panel) and S (right bottom panel).

The variation of displacement obtained from ATHPM, x a1y par(t) (circles) with time ¢ for of values of parameter
set P (a=1,e =02, =0.2,8=0.1,7 = 0.1) in the left top panel of fig. 4 and compared with the same given by
FAF-EBM method zrar—ppa(t) (squares) eq. (25) and also that obtained by numerical solution of eq. (22) employing
fourth-order Runge-Kutta (RK4) method xrx4(t) (solid line). We have also compared the variation of errors €, 4 (solid
line) and €, (squares) within the time range 0 to 20, for the parameter sets @ (1.0,0.5,0.5,0.3,0.2) right top panel,
R (1.0,1.0,0.5,0.3,0.2) left bottom panel and S (1.0,1.5,0.2,0.2,0.1) right bottom panel.

It is seen, from the left top panel, that all three curves match very well at initial stage the approximate solutions
start deviating slowly from the corresponding exact values zgi4(t) as the time increases. The same is observed in
error graphs shown in the other three panels.

3.4 Case 4: Mathews and Lakshmanan oscillator

Mathews and Lakshmanan [42] presented a nonlinear system which obeys equation of motion as follows:

2 2 dz 2
@ forhe () (35)
de? 1+ ka2
This equation of motion was obtained from the Lagrangian density for a relativistic scalar field which arises in the
context of the theory of elementary particle. Equation (35) is a simpler form of the general equation in eq. (14).
Considering the arbitrary parameters as A = a2, a1 = +k, ay = a3 = a4 = 0, by = Tk and by = 0 one can arrive at
eq. (35). The frequency of the nonlinear oscillator, which is obtained by ATHPM from eq. (20) as

(07

WATHPM = \/ﬁ )

which is the same as the exact frequency [42]. We obtain first-order correction term as, z; = 0. Thus, the displacement
in ATHPM is

(36)

—— (37)
1+ ka?

Therefore, we get the exact solution by ATHPM of the Mathews and Lakshmanan nonlinear oscillator.

TATHPM = QCOS |:
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4 Conclusion

A generalized equation is constructed which reduces to strongly nonlinear equations corresponding to physically
relevant systems such as the motion of a particle in a rotating parabola, the vibration of a tapered beam, autonomous
conservative oscillator, etc., for particular choices of the parameters of the restoring force. Aboodh transform based
homotopy perturbation method is applied to find an approximate analytical solution to this equation giving rise to
both the displacement and frequency of the oscillation for free vibration of strongly nonlinear oscillators as mentioned
above. It was observed that the solution converges very fast, even first-order correction is sufficient for getting results
with high accuracy. This method not only gives very accurate numerical values of displacement and frequency but
also gives an idea about the contributions from different harmonics to it. It is to conclude that the solution for the
generalized equation enables us to study various nonlinear physically relevant systems easily in the same footing. The
merit of ATHPM is its simplicity and ability to give the solutions to the nonlinear systems with high accuracy. This
study also reveals that the ATHPM gives better accuracy in calculating oscillation-variables in comparison to those
obtained from FAF-EBM for the systems considered.

Publisher’s Note The EPJ Publishers remain neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

References

R.A. Bonham, L.S. Su, J. Chem. Phys. 45, 2827 (1966).

Carl M. Bender, Tai Tsun Wu, Phys. Rev. Lett. 21, 406 (1968).

A. Nayfeh, Perturbation Methods (Willey-Interscience, New York, 1973).

A H. Nayfeh, D. Mook, Nonlinear Oscillations (John Willey and Sons, New York, 1979).

N.N. Bogoliubov, Y.A. Mitropolsky, Asymptotic Methods in the Theory of Non-Linear Oscillations (CRC Press, 1961).
V. Agrwal, H. Denman, J. Sound Vib. 99, 463 (1985).

S. Chen, Y. Cheung, S. Lau, Int. J. Nonlinear Mech. 26, 125 (1991).

Y. Cheung, S. Chen, S. Lau, Int. J. Nonlinear Mech. 26, 367 (1991).

G. Adomian, J. Math. Anal. Appl. 135, 501 (1988).

G. Liu, in Conference of 7th Modern Mathematics and Mechanics, Shanghai (Scirp, 1997) pp. 47-53.
S.J. Liao, The proposed homotopy analysis technique for the solution of nonlinear problems, PhD Thesis, Shanghai Jiao
Tong University Shanghai (1992).

12. Y.P. Liu, S.J. Liao, Z.B. Li, J. Symb. Comput. 55, 72 (2013).

13. N. Anjum, J.-H. He, Appl. Math. Lett. 92, 134 (2019).

14. N. Herisanu, V. Marinca, G. Madescu, F. Dragan, Energies 12, 915 (2019).

15. J.-H. He, Mech. Res. Commun. 29, 107 (2002).

16. S. Ganji, D.D. Ganji, Z. Ganji, S. Karimpour, Acta Appl. Math. 106, 79 (2009).

17. J-H. He, Phys. Rev. Lett. 90, 174301 (2003).

18. I. Mehdipour, D.D. Ganji, M. Mozaffari, Curr. Appl. Phys. 10, 104 (2010).

19. J.-H. He, Int. J. Nonlinear Mech. Num. Simul. 9, 211 (2008).

20. J. Langari, M. Akbarzade, Adv. Stud. Theor. Phys. 5, 343 (2011).

21. A. El-Naggar, G. Ismail, Appl. Math. Sci. 6, 2071 (2012).

22. T.A. Nofal, G.M. Ismail, A.A.M. Mady, S. Abdel-Khalek, J. Electromagn. Anal. Appl. 5, 388 (2013).
23. J.-H. He, Comput. Methods Appl. Mech. Eng. 178, 257 (1999).

24. J.-H. He, Int. J. Nonlinear Mech. 35, 37 (2000).

25. A. Yildirim, J. Math. Phys. 50, 023510 (2009).

26. Z. Ayati, J. Biazar, J. Egypt. Math. Soc. 23, 424 (2015).

27. J. Biazar, M. Eslami, Comput. Math. Appl. 62, 225 (2011).

28. P. Bera, T. Sil, Appl. Math. Comput. 219, 3272 (2012).

29. K.S. Aboodh, Global J. Pure Appl. Math. 9, 35 (2013).

30. A. Ghorbani, Chaos, Solitons Fractals 39, 1486 (2009).

31. J.-H. He, Eur. J. Phys. 29, L19 (2008).

32. A.G. Davodi, D.D. Ganji, R. Azami, H. Babazadeh, Mod. Phys. Lett. B 23, 3427 (2009).

33. H.-L. Zhang, Comput. Math. Appl. 58, 2480 (2009).

34. V. Marinca, N. Herisanu, J. Sound Vib. 329, 1450 (2010).

35. D.D. Ganji, M. Azimi, M. Mostofi, Indian. J. Pure Appl. Phys. 50, 670 (2012).

36. D.P. Billington, The Tower and the Bridge: The New Art of Structural Engineering (Princeton University Press, 1985).
37. M. Akbarzade, Y. Khan, Math. Comput. Model. 55, 480 (2012).

38. S.H. Hoseini, T. Pirbodaghi, M.T. Ahmadian, G.H. Farrahi, Mech. Res. Commun. 36, 892 (2009).
39. Daniel J. Gorman, Free Vibration Analysis of Beams and Shafts (John Wiley & Sons, 1975).

40. M.Nv. Hamdan, N.H. Shabaneh, J. Sound Vib. 199, 711 (1997).

41. S.-S. Chen et al., Nonlinear Anal. Real World Appl. 10, 881 (2009).

42. P.M. Mathews, M. Lakshmanan, Q. Appl. Math. 32, 215 (1974).

HFOOOND oW

— =



ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/267046622
Application of Homotopy Perturbation Method to an Eco-epidemic Model

Article - October 2014

Source: arXiv

CITATIONS READS
0 189
3 authors:
Pulak Bera Sahabuddin Sarwardi
Zonal Adaptive Research Station, Jalpaiguri, Govt of WB ‘ Aliah University
79 PUBLICATIONS 548 CITATIONS 50 PUBLICATIONS 666 CITATIONS
SEE PROFILE SEE PROFILE

~® - Md.AbdulKhan
" Aliah University
60 PUBLICATIONS 151 CITATIONS

SEE PROFILE

All content following this page was uploaded by Sahabuddin Sarwardi on 03 March 2015.

The user has requested enhancement of the downloaded file.



arXiv:1410.4385v1l [math.DS] 16 Oct 2014

Application of Homotopy Perturbation Method to
an Eco-epidemic Model

P. K. BeralV, S. Sarwardi®®* and Md. A. Khan®
(1) Department of Physics, Dumkal College, Basantapur, Dumkal
Murshidabad - 742 303, West Bengal, India
(2) Department of Mathematics, Aliah University, Salt Lake
City, Sector-V, Kolkata - 700 091, West Bengal, India.
email: s.sarwardi@gmail.com
(3) Department of Physics, Aliah University, Salt Lake
City, Sector-V, Kolkata - 700 091, West Bengal, India.

Abstract
In this article, we apply Homotopy Perturbation Method (HPM) for solving
three coupled non-linear equations which play an important role in biosystems. To
illustrate the capability and reliability of this method. Numerical example is given
which confirms our analytical findings.

Keywords: Homotopy Perturbation Method; Eco-epidemic model; Application

1 Introduction

There exist a wide class of literature dealing with the problem of approximate solutions to
nonlinear equations with various different methodologies, called the perturbation meth-
ods. But almost all perturbation methods are based on small parameters so that the
approximate solutions can be expanded in series of small parameters. Its basic idea is to
transform by means of small parameters, a nonlinear problem of an infinite number of
linear subproblems into an infinite number of simpler ones. The small parameter deter-
mines not only the accuracy of the perturbation approximations but also the validity of
the perturbation method.

There exists some analytical approaches, such as the harmonic balance method [1],
the Krylov-Bogolyubov-Mitropolsky method [2], weighted linearization method [3], per-
turbation procedure for limit cycle analysis [4], modified Lindstedt-Poincare method [5],
artificial parameter method [6] and so on.

*Author to whom all correspondence should be addressed



In science and engineering, there exists many nonlinear problems, which do not con-
tain any small parameters, especially those with strong nonlinearity. He [7, 8] developed
the Homotopy Perturbation Method (HPM) for solving linear, nonlinear, initial and
boundary value problems by merging the standard homotopy and the perturbation. The
HPM was formulated by taking full advantage of the standard homotopy and perturba-
tion methods. In this method the solution is given in an infinite series usually converging
to an accurate solution.

Inspired and motivated by the ongoing research in the area of bioscience involving
mainly ecological and eco-epidemiological systems, we apply HPM for solving three cou-
pled nonlinear equations representing a prey-predator model system with disease in prey
species only.

This paper is organized as follows: In Section 2, HPM has been illustrated. Based on
the HPM, the approximate solutions of three coupled nonlinear equations are obtained
in section 3. Finally, we have drawn the conclusion in section 4.

2 Analysis of the Homotopy Perturbation Method
(HPM)

To illustrate the basic ideas of HPM for solving nonlinear differential equations, He[7, §]
considered the following nonlinear differential equation:

A(u) — f(r) =0, r € Q, (2.1)

with the boundary conditions

B
B<u, an> =0, rer, (2.2)

where A is a general differential operator, B is a boundary operator, f(r) is known
anaclitic function, I' is the boundary of the domain €2 and a% denotes differentiation
along the normal vector drawn outwards from 2. The operator A can generally be
divided into two parts L and N, where L is linear and N is nonlinear. Therefore, Eq.

([2.1) can be written as

L(u) + N(u) — f(r) = 0,7€e0. (2.3)

He [7, 8] constructed a homotopy as follows:
H(v,p) = (1—p)(L(v) = L(uo)) + p(A(v) = £(r)) =0 (2.4)
| Hi(v.p) = Li(v,p) = Li(v0,p) + p(Li(v0, p) + Ni(w,p)) = 0. (2.5)

where v(r,p) : © x [0,1] — R. In Eq. (2.4), p € [0,1] is an embedding parameter
and ug is the first approximation that satisfies the boundary condition. The changing

2



process of p from zero to unity is just that of H (v, p) from L(v)— L(ug) to A(v)— f(r). In
topology, this is called deformation. The terms L(v) — L(ug) and A(v) — f(r) are called
homotopy. According to the homotopy perturbation method, the parameter p is used as
a small parameter and the solution of Eq. can be expressed as a series in p in the
form

v =1+ pvy + pPug +pPug 4 (2.6)

when p — 1, Eq. (2.4) corresponds to the original one, Eq. (2.5) the approximate
solution of Eq. (2.1)) , i.e.

u=limv=vg+ vy +vo+v3+--cc----- (2.7)

p—1

The convergence of the series in Eq. (2.6) has been discussed by He[7, 8].

3 Homotopy perturbation method for three coupled
system

We consider three coupled nonlinear equations which describe a prey-predator model,
consisting with two prey and a predator species. We also consider an infectious disease,
which is transmissible among the prey species only to give the model realism, interested
readers are referred to [9-11]. Let us assume S(¢) denotes susceptible prey population,
I(t) denotes infected prey population, and P(t) denotes predator population at any time.
The model under consideration is given by the following system of ordinary nonlinear
differential equations

ds S+1

fé = 08I — el P —d1, (32)
dP

= = e(c1S + cl)P — dy P, (3.3)

where S(0) > 0,1(0) > 0, P(0) > 0 and Sy = 0,1y = 0 and Py = 0. Here r is the growth
rate of the prey population, ¢; and ¢y are the searching efficiency of the predators for the
susceptible prey and infected prey respectively, similarly ec; and ecy are the conversion
factors for the susceptible prey and infected prey respectively consumed by the predators.
K is the carrying capacity of the environment for the total (susceptible + infected) prey
population, the disease spreads horizontally with mass action incidence rate 6S17. d; is
the mortality rate of infected prey population including disease related death, d, is the
mortality rate of the predator population. All the parameters are non negative. The
predators eat both susceptible and infected prey at different rates, since the susceptible
prey more likely escapes from an attack, thus ¢; < co. It is to be noted that the value



of the system parameter ‘e’ is a proper fraction for most of the realistic prey-predator
interactions. For application of HPM, now we write Egs. (3.1)-(3.3)) as

HZ(‘S? P7 [ap) = Ll(S,I,P,p) - Li(507107P07p) +p<Lz(Sa [>P7p) + NZ(S7[7P7P)> (34)

where ¢ = 1, 2,3 and we also consider

S = So +p51 + p252 —+ p353 IR (35)
I=Iy+phLh+pL+p L+ (3.6)
P=Py+pP +p°Py+p*Py 4o (3.7)
when p — 1, Egs. (3.5))-(3.7) become the approximate solution of Egs. (3.8)-(3.10)), i.e.,
Sapproac = Iljl_rg S = SO + Sl + 52 + S3 B NI (38)
[approm = ;IIJLIEI =lo+ L +Ip+ I3+ - (39)
Papprolei_r)I%P:P0+P1+P2+P3+ """"" (310)

p

Here, boundary conditions are Sy > 0, Iy > 0, Fy > 0 and So=1Iy=PFy=0.
For without perturbation, the Eqgs. (3.1)-(3.3]) can be written as

dSo(t
C(;t( ) _ 7S, (3.11)

dl,

=0 — _dy1, 3.12
o 11y (3.12)
AP,
Y 1
dt 200 (3:.13)

whose solutions are Sy(t) = S(0)e™, Iy(t) = I[(0)e~ Nt Py(t) = P(0)e .
With the help of Eq. (3.4), one can write the Eqgs. (3.1))-(3.3)) as follows:

dsS S+1
dt—rS—p(—rS<K> —clSP—(SSI), (3.14)
dl
P
Cﬁlt +dyP=1p (eclS + GCQIP) ) (3.16)



Substituting the values of S(t),I(t) and P(t) from Eqs. (3.5)-(3.7) and equating the

coefficients of embedding parameter p, we get coefficient of p° as

dSo(t
c(i)t( ) — TSO = 0,
dly
—+dily = 0
dt + 140 )
dFP,
— +dy Py = 0.
7t + da I
Equating the coefficient of p, we have
dS r r
ditl — 7’51 = —?Sg - %50]0 — Cls()P() — 580]0,
dl
ditl +dily = 0Soly — c2lo Py,
dP
TI; + dQPl = eclSOPQ + GCQIo)Po,

and coefficient of p? as

dsS. 2r r
d7t2 - ’I“SQ = —?S()Sl — E<IOSl + S()Il) — Cl(P()Sl + Sopl)
—0(S11o + Solh),
dl
?;+d1]2 = 5<51]0+50]1) —02(]1P0+10P1>,
dpb,
W““d?PQ = e 81P0+50P1 + ecy [1P0+10P1 ,

(3.17)
(3.18)

(3.19)

(3.20)
(3.21)

(3.22)

(3.23)
(3.24)

(3.25)

etc. Egs. (3.1)-(3.3) can easily determine the components Sy, I and P, and k& > 0.
So, it is possible to calculate more components in the decomposition series to enhance

the approximation. Consequently, one can recursively determine every term of the series
222 08k (), 22 oI (t) and X2 Pk (t) and hence the solutions S(t), I(t) and P(t) is readily

obtained in the form of a series like

Sappros. Soe™ + Are® + Apel M 4 Agelrm Rt 4 Ayt 4 Agelrm )t
+Ager 2t 1 A2t 1 A oCrodit o f g (roda)t (3.26)
Lppros. = IToe~ @t 4 Biel=0)t 4 Bye=(hitd)t | poolr—di=d2)t | B o(r=2d1)t
4+ Bse?r=dt | Boe=(Rditd)t | B o—(dit2d2)t (3.27)
Popproz. = Po(i_th + C16<T_d2)t + 026_(d1+d2)t + Cse(r_dl_dQ)t + C4€(T_2d2)t
+C5ePr ) Cpe(2datd)l 4 O e (2t (3.28)



where the constants A;, ¢ =1 to 9 are given by

A = -0 g, di(; + 5) SO10). 4 = £50/P).

A, = S;(g), A5 =+ i 7 ((; + 5) (2;12 + Z) = edcf) S(0)1(0)P(0),
A = 5 ]gz 2 1OS0)P(O) + 2‘;% (K + 5) 12(0)S(0),

A = gsm)ﬂm), As=— _1d1 (f + ;) (;Z ~ T+ 5) $2(0)1(0),

1 2 9
M= () 0r),

B, = iS(O)I(O), By = Z1(0)P(0), By = — (5(01 n CQ)

d; T — do C72 dil
ecy + 90
e ))S<O>I<O>P<o>,
ocy oo 1
B, = ——— I(0)P(0),Bs = — | — — — | S%(0)I
= S0P, B ZT(T K)s (0)1(0),
ecs 3
By = ————>—1%(0)P(0), B; = —2-P*(0)I(0
6 dQ(d1+d2) () ()7 7 2d2d1 ()()7
and the constants C;, ¢ =1 to 7 are given by
G = “ES(0)P(0), Co = ==21(0)P(0),
r d2
1 e2cicy  ecyd  ecico ec? 9
= — I1(0)P — P
G o= g (( 12 12 S22 50)10)P0) + SOP0) |
2
ecy 9 eci fec; 1Y
- 1 P A=t 2 P
04 dQ(T— d2>S(O) (0)7 C5 r ( r K)S (O) (0)7
Cs = —eicgzﬂ(())z(m oy = 26 12(0)P(0)
© T di(dy + do) T 2dyd, '

Putting the different values of parameters 7, k, c1, ¢, 0, e, dy, ds, we obtained the ap-
proximate solutions of Egs. (3.1)-(3.3). To explain our results, we have drawn figures
of S(t),I(t) and P(t) versus time for different parameters and initial condition values.
From these figures, we see that the exact numerical results and the results obtained using
HPM are nearly same.



4 Conclusion

This system of three coupled differential equations (3.1)—(3.3) plays an important role
in biosystems. The basic goal of this paper is to study this model using HPM. The
goal has been achieved by deriving solutions using few iterations only. The qualitative
results of the present studies have been compared with the results obtained by numerical
computation using r = 0.1,k = 0.3,¢c; =0.1,¢0 =0.2,6§ =0.1,e = 0.1,d; = 0.2,dy = 0.2
as evident from the Fig. 1 and reveal that HPM is very effective and convenient for
solving non-linear differential equations. Hope that with the help of these solutions, one
can study qualitative and quantitative behaviors of realistic prey-predator interactions.
The HPM introduces a significant improvement in this field. This makes the proposed
scheme more powerful and gives a wider applicability.

0.012 4

0.010 —-3prmnrmrnin i

0.008 —+

0.006 —+

O Mmoo

S(1), 1(),P(t)

0.004 —+

0.002 4

0.000 —+

Time (1)

Figure 1: The S(t),1(t), P(t) versus time for the different values of parameters r = 0.1,k
0.3,c1 = 0.1,c0 = 0.2,6 = 0.1,e = 0.1,d; = 0.2,ds = 0.2 and initial conditions Sy(0) =
0.01, IH(0) = 0.01 and Py(0) = 0.01. B-, D-, F-line represent the numerical solutions S(t), I(t)
and P(t) respectively and C-, E-, G-line represent the approximate solutions of S(t), I(t) and
P(t) respectively which have been obtained using HPM.
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Crime, Society and Politics in Hariharpara Block of Murshidabad
District, 1984-2011

: Arnav Debnath
Assistant Professor, Department of Political Science,
Dumkal College, Murshidabad, West Bengal, E-mail: arnav121206@gmail.com

ABSTRACT

Politics in a local area occurs both in particular context and following certain rules no matter
how small its arena is. The movement of politics from 1984 to 2011 in the Hariharpara block
of the district of Murshidabad is a case in point. Like any democratic political orientation, it
was based on the principle of distinction between friend and enemy among the political
parties worked in the block, yet their ground-level activities were shaped by some of the
major socio-political factors that existed there. The political rivalry between parties mixed
with increasing crime tended to develop a discrete kind of political atmosphere that involved
state, people and society of Hariharpara. This article tries to focus on the nature of local
politics of Hariharpara block in terms of such features it maintained, and to have an

overview of how it influenced by those factors and influenced them in turn during the said
time-span.

Kew words: Hariharpara block, local politics, crime, society, state, political party.

No one is immune from political violence, whether living in a
wealthy Western democracy, or in a country undergoing late
economic development. - Vittorio Bufacchi'

1.1. Social Context and Political Dynamics

Politics within a society whatsoever, national, sub-national or local, tends to assume
a certain kind of relationship between more than one entity, namely, groups or
individuals. This relationship does not, as it is perceived, emerge from mere
opposition between groups or individuals. But it is not mere opposition that is key
to the definition of politics; it is something more essential that defines it. "An
opponent’, Ben Shalit explains, ‘stands in our way, passively. The effects of an
opponent are felt in proportion to the extent of our actions on it, when we act on it.’
(Shalit, 1988:84) This relationship with one’s opponent is, therefore, ‘either zero -
or nonzero-sum game’. Politics rather comes into being with another sort of
relationship which denotes 'a nonzero-sum game’. The relationship that qualifies
politics is of friend and enemy where an enemy is ‘an opponent perceived to be
behaving in a mode that actually threatens our aims. An enemy actively challenges
our desired state or action, and his gain is perceived as our loss.” (Shalit, 1988:84)

The notion that politics rests upon a distinction between friend and enemy
elucidated by Carl Schmitt in his incisive yet controversial work The Concept of the
Political is ‘actively and passionately discussed throughout the world’ (Bernstein,
2013:12). The distinction being an essential element of politics stands apart from
m
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ON THE DISTRIBUTION OF ZEROS OF BICOMPLEX
VALUED ENTIRE FUNCTIONS IN A CERTAIN
DOMAIN

SANJIB KUMAR DATTA, TANCHAR MOLLA, JAYANTA SAHA, TANDRA
SARKAR

Abstract. Bicomplex algebra is a modern developed area which
is a generalization of the field of complex numbers. In this paper we
derive some results related to the distribution of zeros of bicomplex
valued entire functions in a certain domain. A few examples with
related figures are given here to justify the results obtained.

1. INTRODUCTION

Bicomplex numbers which are the commutative generalization of
complex numbers were first introduced by Segre (cf, [5]). Stan-
dard definitions, notations and many more properties of bicomplex
numbers are available in [2] and [6]. A bicomplex entire function
f(2) is also represented by an everywhere convergent power series as
f(2) = 2272027, where a;’s and z are bicomplex numbers. Thus,
bicomplex entire functions can be thought of the natural generaliza-
tion of bicomplex polynomials. The aim of the paper is to establish
some results concerning the distribution of zeros of bicomplex entire
functions in a certain domain.

Keywords and phrases: Bicomplex valued entire function, domain,
zero free region.

(2010) Mathematics Subject Classification: 30C10, 30C15,
30D10, 30D20, 30G35.
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Abstract

The aim of this paper is to establish some results focusing
on the location of zeros of transcendental entire functions. A
few examples with related figures are given here to justify the
results obtained.

Subject Classification: Primary: 30D20; Secondary: 30C10, 30C15, 30D10.
Keywords: Transcendental entire function, order, zero free region .

1 Introduction, Definitions and Notations.

The study of the location of zeros of polynomials has a long history. The earli-
est contributors to this area of subject were Gauss, Cauchy and Enstrom-Kakeya
{cf.[6]} and consequently a lot of papers devoted in this branch can be found in the
literature{cf.[1],[4],[5],]7] & [8]}. A function of one complex variable analytic in the
finite complex plane C is called an entire function and whenever it has an essential
singularity at point at infinity it will be transcendental. If a function f(z) is entire
then it can be represented by an every where convergent power series like

f(z)=ap+arz+ ...+ apz" + ...
Thus the entire functions form natural generalization of polynomials.
The prime purpose of this paper is to derive zero free region for some transcen-
dental entire functions of finite order under various conditions using the coefficients
an’s. We do not explain the standard theories, notations and definitions of entire

functions as those are available in 9] & [10].

The following definitions are well known:
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Idea and Practice of Fearlessness:
Gandhi’s Noakhali Experiment

Arnav Debnath

Abstract: M.K.Gandhi’s (1869-1948) use of “ahimsa”, i.e. nonviolence as a “political weape
as to the question of “Hindu-Muslim relation” in particular in pre-independence Ina
one of its hardest challenges in Noakhali of the undivided Bengal (now in Bangladesh) i
1947. The organised violence unleashed by the majority Muslims on the minority
created the point of no return - a “Do or Die” condition for Gandhi which made hi
an experiment upon nonviolence heavily armed with the idea and practice of “fearle
another primal observance in Gandhi’s thought. This paper attempts to spell out the categ
relating to the understanding of the idea of ‘fearlessness’ which he propelled with an @
restore the communal trust along with nonviolence to the people of both communities Ana
the idea, in its varied forms, had been put into effect by the satyagrahi exemplars, it
Gafndhi himself, in Noakhali. The practice of fearlessness in Noakhali adds further imp
to. ’-f for its 'being ‘political’ by nature as specific for Muslim League’s anti-national polit _
disintegration (of Indian nation) against the larger context at that juncture of historical timé:

Keywords: Fearlessness, Nonviolence, H

: indu-Musli i tvagrahi, Violenes
of the strong, Violence of the weak. uslim relation, Satyag



Idea and Practice of Fearlessness: Gandhi’s Noakhali Experiment 143

Introduction: “Nonviolence”, the Supremely enabling virtue, as a “means” tends o
serve anineffable masteras its “end”- the “truth”-in the M. K. Gandhi’s political thought

ular. Gandhi’s notion of nonviolence,
» L L . * 3 7 : ;
being a pure means”, was to Invigorate its end, i.e. ”sal'ya”, was conductive to solvmg

moral and practical problems “supplied Gandhism with 4 theory of politics, enabling
it to become the ideology of a national political movement” (Chatterjee, 1999:107)
in colonial India. Yet, to walk down along the path of ahimsa was like, to Gandhi,
“balancing oneself on the edge of a sword” for it requires “ceaseless striving”, for
an act of ahimsa is “not.a mechanical performance”. The use of the analogy, though

the walker, the “satyagrahi” or a common person believing in ahimsa, so to say, to
bleed or, even worst, to risk of having more fatal consequences at any point of the edge
of this deadly political weapon. Thus, the Gandhian gnome that to be a nonviolent
satyagrahi or a true believer of ahimsa is to be of a courageous mind comes to reveal
one of the most fundamental correlate of the principle of ahimsha: “fearlessness”.
This article attempts to understand the nature and practice of this idea of fearlessness
carried out by Gandhi himself, his fellow “satyagrahies” (who practises the ideal
of “satyagraha”, i.e. literally “holding on to truth”) and the laypersons in a specific
context — a historical juncture where a colonial nation was about to be cut off, and
communal hatred went to its highest peak as a result on the eve of “transfer of power”
in the Indian sub-continent and, from a certain perspective - a “hostile environment”
of post-carnage Noakhali in between the late 1946 and early 1947, programmed to be
in retaliation of the “Great Calcutta Killing” occurred in the month of August, 1946.
Moreover, if it is taken to be true that politics is by no means an “apodictic science” and
it “proceeds by experimenting, groping in the dark” (Deluze and Guattari, 1987:461),
then Gandhj’s experiment in Noakhali with his idea of fearlessness as complementary

Y nonviolence is well worth considering,

Bad‘sl’ound: the darkest ditch: “Gandhi was an odd kind of pacifist”, wrote Jawaharlal
¢hru, “for he Was an activist full of dynamic energy. ... he was full of resistance,
Ough this was Peaceful and courteous,” (Nehru, 1989:361) The peaceful yet resistant

Cm facter of Gandhi seems to represent ahimsha and fearlessness - two com ple.mlentary

acfflns e!t once. It goes on to carry Gandhi’s very own kind of langtllagt? of pol.1t1c.s and

Onsin 5 colonized g, b-continent where fear after his homecoming in 1915:
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Abstract

Magnetizability (£) and chemical potential (u) are two valuable atomic and molecular descriptors of reactivity. They play
a valuable role in studying chemical/magnetic interactions and deducing the fate of a species/reaction. In view of this, a
connection has been explored between these properties employing polarizability (a) as a reference. It is expected that the
relation amongst these descriptors would assist in gaining more specific and advanced knowledge about the reactivity and
stability of almost every species and their associated interactions. According to the present study, atoms and molecules with
high chemical potential will have high magnetizability and vice versa, similar to polarizability. The proposed relationship is

in accordance with the Minimum Magnetizability Principle as well, since chemical potential also prefers a minimum value
like magnetizability.
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et al. 1999; Franco-Pérez et al. 2015; Szmytkowski and G.
Lukasik 2016; Valiev et al. 2017). This makes it crucial to
study both the quantities extensively to gain ample infor-
mation regarding their relationships with several other
quantities and their effects in species. Magnetizability (&)
is understood as the linear response of an atom, molecule
or ion’s electron cloud towards an external magnetic field,
alike polarizability (a) which is response in the presence
of an electric field (Dahle et al. 1999).

a2E(B)>

m=¢B, E=— ( (1)

0B? B0

d=a €, a=— <02E(E)> 2
’ €2 )|y )

In Eq. (1), m and B denote induced magnetic moment
and external magnetic field while in Eq. (2), d and € sig-
nify induced dipole moment and external electric field,
respectively. E refers to energy. The descriptor has been
considerably employed to predict the aromaticity of
diverse species (Badri et al. 2013; Foroutan-Nejad 2015;
Janda and Foroutan-Nejad 2018; Conradie et al. 2019).
As transparent from their relationships, magnetizability
is more or less similar to polarizability. Accordingly it
is expected that magnetizability would follow principles
and present relationships with other descriptors identi-
cal to that of polarizability. On the basis of this notion,
a Minimum Magnetizability Principle (MMP) was pro-
posed analogous to Minimum Polarizability Principle
(MPP) (Tanwar et al. 2006). A relation of softness with
magnetizability was also explored in terms of Hard—Soft
Acid-Base (HSAB) principle (Chattaraj et al. 2007). A
commonly used term while describing magnetizability is
magnetic susceptibility. Although both physical quantities
are related and convertible to each other, practically they
are different. While former refers to the molecular prop-
erty, latter is an experimentally calculable bulk quantity
(Ruud et al. 1994). Laplacian of the charge density (p)
is another quantity which helps in providing additional
insight towards the reactivity patterns (Bader and Mac-
Dougall 1985). It offers sharp peaks and valleys in various
regions corresponding to electrophilic and nucleophilic
regions of the system under study.

Since 1960s chemical potential has been an admired
concept. Its significance in predicting and explaining
the reactivity patterns is clearly evident from its history.
Although, the theoretical framework for the electronic
chemical potential based on Density Functional Theory
(DFT) was developed in 1980. In the DFT formalism
(Parr and Yang 1989; Geerlings et al. 2003), an electronic
chemical potential is recognized as the variation of the

@ Springer

electronic energy (E) of a system about the number of
electrons (N) at fixed external potential (v(r)) (Geerlings
et al. 2003).

Whenever a species undergoes any change due to a
chemical reaction or any other factor, such as electronic
movement, it always tends to move towards a point which
has a lower chemical potential. Lower the value of chemi-
cal potential, higher is the stability of that species and vice
versa. Since it is a form of energy, it gives a good amount of
information about the direction of a chemical reaction and
the stability of the products to be formed. It can also give
an idea about the feasibility of the given reaction conditions
with respect to the compounds concerning that reaction. For
modeling an electron transfer reaction between two species,
two descriptors are very crucial. While one provides the ten-
dency of the species to resist donation of electrons, another
assesses the propensity of the species to accept electrons.
These two descriptors can be recognized as the ionization
potential (IP) and electron affinity (EA) or, to some extent
more instinctively, as an electronic chemical potential that
determines the gain or loss in energy on acquiring or los-
ing electrons (Parr et al. 1978). In general, the chemical
potential is described directly in terms of electron affinity
(EA) and ionization potential (IP) (Parr et al. 1978; Parr
and Pearson 1983).

H(N) = —%(IP(N )+ EA(N) “)

Moreover, from a DFT perspective, a system’s chemical
potential (u) is described as “the escaping tendency of an
electronic cloud” making electronegativity as its negative
counterpart (Parr and Yang 1989; Parr et al. 1978; Kohn
et al. 1996). In a similar manner, chemical potential is
directly or indirectly associated with several other properties
too (Tandon et al. 2019a, b, 2020). Since it is the first energy
derivative which is significantly related to other properties,
it is useful in explaining reactivity and stability of different
species, compounds and reaction pathways. In view of this
fact, we have tried to explore the link between the two sig-
nificant atomic/molecular quantities, viz. chemical potential
and magnetizability, which can be helpful in predicting and
elucidating a plethora of chemical and magnetic interactions
and phenomenon in the area of magnetochemistry. Owing to
the inverse relationship of electronegativity with chemical
potential (Parr et al. 1978; Iczkowski and Margrave 1961) as
well as polarizability (Tandon et al. 2019a), a direct associa-
tion between chemical potential and polarizability follows,
viz. u ~ a. Also, since magnetizability shows similar behav-
iour as polarizability (¢ ~ «) (Tanwar et al. 2006; Chattaraj
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et al. 2007), it is expected that a large chemical potential of
a species is associated with its high polarizability and high
magnetizability as well.

Theory and methodology

In a chemical process, the reactants distort the electron cloud
and alter each other’s electronic surroundings. In case of
a species with higher chemical potential, the distortion
is rather easier than a species with lower potential. It is a
well-known fact that species with higher energy (or chemi-
cal potential) are more reactive (or prone to electron cloud
distortion) and less stable than the ones with lower energy.
Polarizability assesses the ease of electron cloud distortion
when a species is under the influence of an electric field.
Moreover, as mentioned above, a species with a higher
chemical potential has more polarizing power, viz. u ~ a.

Under normal circumstances, all the reactant molecules
experience a field due to other reactant molecules. An exter-
nal electromagnetic field can simulate this field when any
of the reactants, whether atoms or molecules, are placed
in it. To account for the magnetic properties of atoms and
molecules, magnetizability is a suitable descriptor which in
conjunction with polarizability can be employed in getting
insights into reactivity as well as stability. With an intention
of expanding this connection, we are exploring whether the
species with a larger chemical potential will possess high
magnetizability as well.

In the present analysis, we have compared the association
of chemical potential with polarizability and magnetizabil-
ity utilizing the data from Cardenas et al. (2016) , Haynes
(2017) and Fraga et al. (1973) work, respectively, for atoms
with Z=2-96. Similar comparisons are also made for sev-
eral saturated and unsaturated hydrocarbons comprising
open-chain as well as cyclic systems employing experimen-
tal data to justify the connections amongst the properties.
The comparison is performed by taking molecular chemi-
cal potentials from Schéfer and Lax (1961) and molecular
polarizabilities as well as molecular magnetizabilities from
Haynes (2017). Further, atomic magnetizability (Fraga et al.
1973) values are plotted against atomic numbers to study
the periodicity.

Results and discussion

The variation of chemical potential (Cardenas et al. 2016) of
atoms with Z=2-96 with the corresponding polarizabilities
(Haynes 2017) and magnetizabilities (Fraga et al. 1973) is
presented in Fig. 1. A look at Fig. 1 clearly reveals the simi-
lar connection of chemical potential with polarizability as
well as magnetizability. It is apparent that a higher value of

chemical potential, in general, relates to a high polarizing
and magnetizing power.

On observing Fig. 1, it appears that the relations between
chemical potential (#) and polarizability (a) as well as
between chemical potential (1) and magnetizability (£) for
atoms may be described through a simple empirical formula

(Eq. 5):
p=—t0 ®)]

where x=¢, £ and ¢, and ¢, are adjustable parameters. Using
the least square fit approach for the data presented in Fig. 1a,
b, we have obtained empirical fits for chemical potential
(u) — polarizability () and chemical potential (¢) — magnet-
izability (£) as depicted by Eq. (6) and Eq. (7), respectively:

.102

u= 0 aO —0.086 ©6)
0.486

u= T —0.095 7

Based on the above result (Eq. (6) and (7)), a reasonable
relation between polarizability (o) and magnetizability (&)
has been deduced (Eq. 8):

0.102¢

%= 0.486 + 0.009¢ ¢ ®)

Empirical curves for the fitted equations, viz. Eq. (6),
Eq. (7) and Eq. (8), are illustrated using continuous lines in
Fig. 1a, b and c, respectively.

Further, Fig. 2 provides the plots for some alkane mol-
ecules (see Table 1) presenting the association between the
above three properties using experimental data. It is evident
from the plots that an outstanding relation is present between
chemical potential and magnetizability (R*=0.929), almost
same as polarizability (R*=0.935). Another fact noted is
enhanced correlation between the properties in case of mol-
ecules in comparison to mere atoms. On a practical note, this
is a better result since most of the studies are performed on
molecules and almost everything in general is in the form
of a molecule or compound. Thus, the following relation-
ship (Eq. 9) may be considered to exist between chemical
potential (1) and magnetizability (£):

u~<& &)

It is important to note from the figures that the chemical
potential—polarizability trend displays very close resem-
blance to the chemical potential-magnetizability trend data
because of the likeness in their concepts.

Since chemical potential and magnetizability have been
established to be almost directly related, when one property

@ Springer
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Fig. 1 Plots depicting varia-

tion of a chemical potential ()
(Cardenas et al. (2016)) (in au)
with polarizability (@) (Haynes
2017) (in— 107! au), b chemical
potential (1) (Cardenas et al.
2016) (in au) with magnetiz-
ability (¢) (Fraga et al. 1973)
(in au) and c¢ polarizability (a)
(Haynes 2017) (in— 107" au)
with magnetizability (¢) (Fraga
et al. 1973) (in au) for atoms
with Z=2-96
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decreases, the other should also decrease and vice versa.
Likewise, as chemical potential favours lower value to gain
stability, magnetizability should also favour a smaller value.
This outcome is in accordance with the Minimum Magnet-
izability Principle (MMP) which states “a stable configura-
tion/conformation of a molecule or a favourable chemical
process is associated with a minimum value of the magnetiz-
ability” (Tanwar et al. 2006). The validity of this principle
has been recently demonstrated in case of several chemical
reactions further strengthening the concept (Tandon et al.
2021). This result as well indicates the appropriateness of
our suggested relation.

A graph is plotted for atomic magnetizability (Fraga et al.
1973) (Z=2-96) as a function of atomic number (Fig. 3). It
is apparent from the plot that alkali metals and alkaline earth
metals possess the largest magnetizabilities in a period while
the noble gases the least. In accordance with the chemical
potential (Céardenas et al. 2016) and polarizability plots
(Tandon et al. 2019a), atomic magnetizability too shows a
declining trend across the period while increasing within a
group. Maximum values of magnetizability are evident for
the elements present at the end of each row of the periodic
table. For the atoms having closed shells or sub-shells, the
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values of chemical potential, polarizability and magnetiza-
bility are expected to be small. It must be noted that polariz-
ability as well as magnetizability displays an explicit minima
for closed-shell systems having ns’np® configuration. On the
other hand, excluding some elements, the sub-shell structure
in polarizability and magnetizability is not very pronounced.
For instance, the behaviour of chemical potential in case of
the Group IIA elements is a lot more systematic than that
of polarizability or magnetizability. It is promising to note
that there is an increment in the values of chemical poten-
tial, polarizability and magnetizability from He to Rn, high-
lighting the characteristic direct behaviour between chemical
potential and polarizability as well as chemical potential and
magnetizability.

Further, in case of heavy and super-heavy elements, such
as Pb, Au, Hg, Cn, Fl, the ns? and np; ,22 shells present inert-
ness due to relativistic mass—velocity stabilization of the ns
and np orbitals (Balasubramanian 1997, 2001, 2002a, b).
In fact, it is observed that the ionization potential of FI is
very high since both 7s*7p, ,22 shells become inert pair (Bal-
asubramanian 2001, 2002a) and the spin—orbit splitting of
Tp1j» = Tp3,, becomes almost 1/3rd of the ionization potential
of hydrogen atom (Balasubramanian 2001). On the basis
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Fig.2 Plots depicting experi- -4 -3 2 -1 0 -30 -20 -10 0
mental variation of a chemical 0.005 0.01
potential () (Schifer and Lax - —_
1961) (in au) with polariz- g 0.000 = 0.00
ability (@) (Haynes 2017) (in g A g A
— 107" au), b chemical potential : A -0.005 ;: -0.01
(u) (Schifer and Lax 1961) (in = =
au) with magnetizability (&) = -0.010 = -0.01
(Haynes 2017) (in au) and ¢ g Qé
polarizability («) (Haynes 2017) ‘= -0.015 ’g -0.02
(in — 107! au) with magnetiz- a %
ability (£) (Haynes 2017) (in au) [}3 4 =—0.007¢— 0.019 -0.020 m 1 =—0.001¢— 0.019 A -0.02
for some alkanes
-0.025 -0.03
Experimental o (in au) Experimental £ (in au)
(a) (b)
-30 -20 -10 0
0.0
—_
g -0.5
=]
Z -1.0
3
E -1.5
g
g -2.0
B
g 2.5
L;j
A -014 =30
-3.5

Table 1 Experimental values of chemical potential () (in au), polar-
izability (a) (in — 107! au) and magnetizability (¢) (in au) for selected
alkanes

Molecule u* a® &

Methane —0.0194 —0.4901 -3.6615
Ethane -0.0124 —0.8448 —5.6396
Propane —0.0089 —1.1888 —-8.1227
Butane —0.0059 —1.5498 —10.5848
Pentane —0.0031 —1.8881 —13.2784
Hexane —-0.0016 —2.2491 —15.5931
Octane 0.0024 —3.0051 —20.3279
2-Methylpropane —0.0068 —1.5385 —10.6269
2,2-Dimethylpropane —0.0058 —-1.9278 —13.2573
2,2, 4-Trimethylpentane 0.0024 -2.9182 —20.6856

2Values obtained from Schifer and Lax (1961)
"Values obtained from Haynes (2017)

of MMP (Tanwar et al. 2006), it is suggested that when an
electronic configuration of a system is completed, it becomes
inert and achieves its minimal energy and magnetizability
state. Accordingly, a minimum value of magnetizability is
observed for such closed-shell systems.

Experimental £ (in au)

()

Hence, magnetizability can be identified as a descriptor
for understanding the reactivity and stability of numerous
species and various magnetic interactions together with
polarizability and related parameters. Overall, a lower
value of chemical potential and magnetizability appears to
be linked with a stable state, viz. minimum energy configu-
ration, while a higher value of chemical potential and mag-
netizability is associated with an excited or transition state,
viz. high or maximum energy configuration.

Conclusion

In the present work, we have tried to explore the link
between atomic/molecular reactivity descriptors—chemical
potential and magnetizability. It is observed that similar to
polarizability, magnetizability is also associated with chemi-
cal potential and thus it can be used to provide insights into
the reactivity and stability of species and various magnetic
interactions. It is a well-known fact that lower chemical
potential signifies higher stability of a species. Similarly,
a lower magnetizability is also related to stability. Hence,
the suggested relationship is clearly in line with the Mini-
mum Magnetizability Principle as well. It is also observed
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VR

Fig.3 Plot of magnetizabil- 0
ity (¢) (Fraga et al. 1973) as Il jl
a function of atomic number ||“ “II
(Z=2-96) (in au) -5 |
= -10
g
K=
“ro-15
-20
-25
2025z

that within the periodic table, magnetizability displays an
expected periodic behaviour.
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In the investigation of sufficient number of molecule species from the interstellar and circumstellar media with almost 80% of
these cations are protonated molecules. The carbonyl sulphide (OCS) molecule being the interstellar molecule has three pos-
sible protonation sites (either O, S, or C). So, the investigation is performed to determine the best site for the protonation of
carbonyl sulphide (OCS) theoretically. The physico-chemical process of protonation is allied with the energy lowering phe-
nomenon. For ambivalent molecules having more than one lone pairs at different sites, the protonation occurs preferentially.
Preferred site of protonation is an important physico-chemical input in suggesting and modeling reaction mechanism involv-
ing such molecules. Locating the preferred site of protonation in ambivalent molecules is a fascinating problem of experiment
as well as theoretical chemistry. The present study has invoked local density functional descriptors governing electrophilic
attack for Fukui function (f7), local softness function (s™) and local philicity function (w~) theoretically locating the preferred
site of protonation, an electrophilic reaction, of the chosen of ambidentate molecule whose preferred site of protonation are
known experimentally. It is found that theoretically prediction in terms of computed theoretical descriptor values regarding the
preferred sites of protonation in carbonyl sulphide (OCS) molecules have one to one correspondence with the experimental

findings.

Keywords: Protonation, DFT, Fukui function.

Introduction

The protonation reactions or the physico-chemical pro-
cess of protonation are ubiquitous in almost all the areas of
chemistry and biochemistry'~5. The chemical method of pro-
tonation is basic of many chemical rearrangements, and
enzymatic reactions®. The resulting protonated molecule is
frequently an essential intermediate that guides the succeed-
ing steps of the overall process. The knowledge of the intrin-
sic basicity and the site of protonation of a compound are
central for the understanding of the mechanism of chemical
reactions. The legend proton affinity is defined as the nega-
tive of the enthalpy change of a protonation reaction at the
standard conditions. The gas-phase proton affinities are a
quantitative measure of the intrinsic basicity of a molecule®.
The study of thermochemistry of the proton transfer reaction
in the gas phase is well-known experiment of acid-base re-
action’. Dynamics of proton transfer is also important for ion-
ization processes in mass spectroscopy®.

In the investigation of ample number of molecule spe-

cies from the interstellar and circumstellar media with about
10% being cations and almost 80% of these cations are pro-
tonated molecules®16. Jefferts et al.'” during their study,
first detected the carbonyl sulphide (OCS) as a recognized
interstellar molecule within the giant molecular Sagittarius
B2 and was further confirmed in about ten interstellar
sources 1820 This interstellar molecule OCS participate an
significant role in the global cycling of sulphur2! and it forms
the major source of stratospheric aerosol?? due to its high
abundance (about 500 ppm) in the troposphere.

Since, the OCS molecule has three possible protonation
sites (either O, S, or C) so the purpose of this work was to
determine the best site for the protonation of OCS theoreti-
cally which correspond with the experimental result?3-28,

In the physico-chemical process of protonation, when a
proton dynamically approaches towards a nucleophile from
a long distance, it is attracted by the electron cloud of the
molecule. Thus a proton acting as an electrophile starts soak-
ing the electron density from the entire skeleton of the nu-
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cleophile29 and as a result, the electron cloud of the nucleo-
phile is redistributed and remains under the influence of
nucleus of the electrophile. Ultimately the proton fixes at a
site of lone pair — the site of protonation, of the molecule.
However, if there is no lone pair in the structure of the mol-
ecule, the proton remains weakly attached to the sphere of
the charge cloud of the molecule. The polarizing power of
the proton induces a physical process of structural and ener-
getic changes in the molecule. This phenomenon is, in par-
ticular, at the origin of the site of protonation, has consider-
able effect on the strength and length of the bonds®. The
structural and energetic changes induced by the polarizing
power of the proton are expected to be at its maximum at the
gas phase of the molecule. Thus, the gas-phase basicity is
certainly the ideal revelator of the structural and energetic
characteristics of the molecular protonation process.

If a molecule has more than one donor sites i.e. lone
pairs and if a proton approaches such a molecule, the pro-
ton will not find all the donor sites to be attacked equally
likely. The proton will select the most preferred site in the
structure of the molecule. In the dynamic process of proto-
nation reaction, the preferred site may be identified by the
attaching proton in a kinetic and thermodynamic process.
But the selection of preferred site will be decided by the ther-
modynamically controlled process. When the proton is fixed
at the preferred site, the enthalpy change is more and when
the proton fixes at non-preferred site liberation of energy is
less. The procedure follows the hierarchical steps: (i) calcu-
late energy of the molecule first, and (i) then attach proton
at different probable sites to generated protonated species
one after another, and (iii) then compute the energy of the
protonated species theoretically and/or experimentally.

The preferred site of protonation in ambidentate molecules
can also predicted from the charge densities on atomic sites
and also the hybridization of the lone pair that binds the pro-
ton®2%30_Introduction of Conceptual Density Functional
Theory based global and local descriptors by Parr and co-
workers®'~34 made DFT more popularize and initiated a new
arena of scientific research. Although, the global descriptors
like electronegativity, hardness and electrophilicity index are
hypothetical concepts3®7, these descriptors are success-
fully used to predict several physico-chemical properties of
molecules as well as the reaction surfaces**#” and to probe
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the site of chemical reaction of molecules®. It is worth men-
tioning that the local descriptors are evolved from the global
descriptors. Global quantities like hardness, softness deal
with the stability and reactivity of different interacting frag-
ments as a whole.

If a proton approaches dynamically towards a donor, what
direction will be preferred from among several directions that
can produce the same type of chemical bond between the
proton and the donor? Since the purpose of this work here is
to correlate the known site selectivity in terms of local den-
sity functional descriptors, so it is pertinent to discuss the
local reactivity descriptors in brief.

The most popular method for predicting how and whether
areaction will take place is the frontier molecular orbital theory
(FMO)*?. This method uses the shapes and symmetries of
the highest occupied molecular orbital (HOMO) and the low-
est unoccupied molecular orbital (LUMO) to indicate whether
a reaction will occur or not. If the HOMO of the electron do-
nor and the LUMO of the electron acceptor have the same
shape (symmetry) and phase, then electron transfer from
the HOMO of the first molecule to the LUMO of the second
can occur, often forming a bond between the reagents5°.
This motivated the definition of a function in the context of
density functional theory (DFT) that encapsulates the essence
of FMO3':51-53 but, in principle, includes both electron cor-
relation3'%4. This function is known as the “Fukui function”
f(r). The quantity f(r) is a local property depending on posi-
tion, r and hence it possesses different value at different
position in the chemical species. The Fukui function, f=(r), is
defined as the change in density that one observes when
one goes from N to N — 1 electrons (with the nuclear posi-
tions fixed) and within the frozen core approximation this is
analogous to the density of the HOMO orbital. A similar func-
tion, f*(r), can be defined as the difference between the elec-
tron densities of the N + 1 and N electron systems; this is
analogous to the LUMO orbital density. The Fukui function is
labeled according to whether the system is acting as an elec-
tron acceptor or an electron donor. The f*(r) says where an
electron will add to the molecule. The f~(r) says where an
electron given to an electron acceptor will come from. Elec-
tron donors tend to attack the molecule where 7*(r) is large
because this is where the molecule “wants electrons”. The
essence of the theoretical development is that the numerical
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values of f*(r) and f=(r) in molecules predict the preferred
sites for electrophilic or nucleophilic attack in the molecules.
Electron acceptors tend to attack the molecule where f=(r) is
large because this is where the molecule has electrons that
it is “willing to give up’3121. .

Notwithstanding some workers reported the failure of
Fukui functions to predict the reaction site of a molecule®,
still the Fukui functions are used in several works as good
descriptor of site selectivity*8:51:55-60.

Parr and Yang3':33, on the basis of DFT, further intro-
duced a new local DFT descriptor — the local softness (s)
which have been found potentially useful to identifying the
preferred sites of molecules prone to chemical reaction. The
local softness can be considered as “local abundance” or
‘concentration” of their corresponding global properties. The
conceptual structure and the necessary algorithm for this
descriptor have crystallized a distinct branch of conceptual
chemistry — the local Hard-Soft Acid-Base (HSAB) principle.

In order to provide a unified treatment of chemical reac-
tivity and selectivity concept of philicity is introduced? through
a resolution of identity.

Theoretical background

There is a paradigm shiftin the realm of conceptual chem-
istry due to the density functional underpinning of Parr et
al 31325281 The useful qualitative entities like hardness,
electronegativity and electrophilicity index which were ab-
stract semiotic representations are now considered as theo-
retical quantities of cognitive representations. According to
DFT, given the electron density function p(r) of a chemical
system and the ground state energy and everything can be
determined. The chemical potential, w of that system in equi-
librium has been defined as the derivative of the energy func-
tional E(p) with respect to the electron density at fixed mo-
lecular geometry.

The chemical potential, 1, is given by52

p=-x =[8E(p)/dp], (1)
where v is the external potential acting on an electron due to
the presence of nucleus.

The differential definition more appropriate to atomic sys-
tem is on the basis that for a system of N electrons with
ground state energy E[N,v],

u=-x =[0EION], (2)
The absolute hardness is defined®? as
n="%[0 woN], = % [(02 EION?)], )

The ansatz for hardness is mathematically difficult because
the numerical method is required to be invoked to solve it®4.
However, Parr and Pearson®, invoking finite difference ap-
proximation, suggested an approximate formula for the evalu-
ation of hardness and electronegativity as

n="%(I-A) (4)

x="(I+A) (5)
where | is the ionization energy and A is the electron affinity
of the chemical species. Pearson®® proceeded further to
evaluate ‘I and ‘A’ in terms of orbital energies of the highest
occupied molecular orbital, HOMO and the lowest unoccu-
pied molecular orbital, LUMO by connecting it with Hartree -
Fock SCF theory and invoking Koopmans'’ theorem the hard-
ness and electronegativity are reformulated as

= "2 (~yomo * ELuMO) (6)

and x = - =-"2 (& .ymo * Homo) (7)
where | =gy, and A = - € o

The inverse of hardness is defined as softness3'-33,

S=Ym=(dNlou), = 1/(I- A) 8)
Parr et al.34 defined another global parameter, the electro-
philicity index (w) as

® = ()%(2n) ©)
or,

o ={(I+ AA/B(I-A)
The Fukui function is defined as

f(r) = [Bu/dv(r)ly = Pp(r)ON,
The Fukui function can give three predictions:

(i) governing electrophilic attack: f~(r) = [0p(r)/oN]~,, (12)
(i) governing nucleophilic attack: £*(r) = [0p(n/oN]*, (13)
(iiiy governing neutral (radical) attack:
(r) = [9p(r/oNT,

The three cases have ug > Ug, Hg < Mg and g ~ Ug.

(14)

A “frozen core” approximation now gives dp = dp,zience
in each case, and therefore,

(a) governing electrophilic attack: f~(r) = pyoumo (1) (15)
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(b) governing nucleophilic attack: f*(r) = p yuo (1) (16)
(c) governing neutral (radical) attack:

O = %2 [Promo (N + PLumio (1] (17)
where p(r) is the electron density.

Local softness, s(r) , can be written by the formula

s(r) = SF(n) = (9p(Niow) 1y (18)
There are three local softness functions:

(a) governing electrophilic attack: s(r)=Sf(r)  (19)

(b) governing nucleophilic attack: s*(r)= S f*(r)  (20)

(c) governing neutral (radical) attack: s%(r) = S fO(r) (21)

Here s7(r), s*(r) and s%() are the local softnesses correspond-
ing to electrophilic attack, nucleophilic attack and radical at-
tack respectively®®. The local philicity index3? is given as

o(n=wf(r (22)
There are three local philicity functions:

(a) governing electrophilic attack: @™ (r) = of~ (23)
(b) governing nucleophilic attack: w™* () = wf*  (24)

(c) governing neutral (radical) attack: w* (r) = wf* (25)

Propose of this study to locate the reactive centers for the
chemico-physical process of protonation of representative
molecule in terms of the computed values of local density
functional descriptors.

Method of computation

Computational study is performed within ab initio frame-
work and descriptors have been calculated using concep-
tual density functional theory. All the modeling and structural
optimization of compounds have been performed using
Gaussian 09 software package®’. For optimization purpose,
Hartree-Fock with basis set 6-311G has been adopted.

The optimized structure for carbonyl sulfide are presented
in Fig. 1.

All the global descriptor such as global hardness (1),
chemical potential (), electronegativity (y), global softness
(S), and global electrophilicity index (w) are computed for
the molecules stated above using eq. (6), eq. (7), €q. (8 )
and eq. (10) respectively and are given in the Table 1.

The global descriptors are used to compute the local

2394

Fig. 1. Optimized structure of carbonyl sulfide.

Table 1. Global hardness (n), global softness (S), chemical
potential (1), and global electrophilicity index () in eV

nEev)  upEv)  xEv) oV
690112 -4.8611 48611  1.71207

Molecules
0OCS

S (eV)
0.1449

descriptors. Since proton is an electrophile and the site se-
lectivity of the instant reactions will be decided by f~, s~ and
®~, so computation has done to calculate the values of Fukui
function (f7), local softness (s7), local philicity index (@ ™) only
using eq. (15), eq. (19) and eq. (23) respectively for all the
probable donor centers of the chosen molecule and are given
in the Table 2.

Table 2. The computed Fukui function (f7), local softness (s7), local
philicity index (w™) in eV for different donor centers of carbonyl

sulfide (OCS)
Center - s” o~
(o] 0.30078 0.043584 0.51495
c 0.03277 0.004748 0.0561
S 0.84815 0.122901 1.4521

Results and discussion

The structural formula shows that the molecule has three
probable sites, ‘O’ 'S’ and ‘C’ of protonation. The evaluated
Fukui functions (f7), the local softness (s7) and local philicity
(™) for the three different donor centers O, S and C of the
molecule OCS are presented in Table 2. It is the intrinsic
characteristics of Fukui function that the numerical value of
f~ measures the reactivity (nucleophilicity) of a particular
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atomic site of a donor center towards an electrophile, the
proton. Looking at Table 2, it can be seen that the f~ values
of the different donor centers in the donor, OCS follows the
order S > O > C which clearly indicates that the S-center in
OCS molecule is the more reactive center towards an
electrophile.

In prediction based upon the calculated atomic charges,
on the other hand, would be seriously in error. In OCS, the
most negative atomic charge are found to be on O, S and C,
-0.4404, 0.197, 0.24338 respectively, followed inconsistent
with the experimental fact?324-28 that S is the most attrac-
tive site of protonation attack.

So, the experiment?3.24-28 and theory proceed hand in
hand in the matter of selecting the preferred site of protona-
tion in multi dented molecule like OCS and the theoretical
tour is some local DFT descriptor.

Conclusion

Molecules may have more than one site having lone pair
of electrons in its structure in terms of valence bond descrip-
tion. The lone pairs are the centre where an electrophile usu-
ally attaches during the course of chemical reactions between
a nucleophilic and electrophile. Proton is an electrophile. It
approaches kinetically towards a molecule and soaks elec-
tron density from the molecule. In the process energy lower-
ing takes place. Itis also quite expected that proton will pre-
fer more polarizable site in the molecule for binding. The
local Hard-Soft Acid-Base (HSAB) principle has introduced
a cluster of local theoretical descriptors namely the Fukui
functions, local softnesses and the local electrophilicity indi-
ces. The thermodynamic mechanism of protonation can be
rationalized in terms of the local Hard-SoftAcid-Base (HSAB)
descriptors. The gamut of the theory is that the site selectiv-
ity in the physico-chemical process of protonation can be
predicted in terms of these theoretical descriptors.

In the present study, determined the preferred site of elec-
trophilic reactions/protonation of such molecules in terms of
the local descriptors discussed above and the resultis 1 to 1
correspondence between the theoretical prediction and ex-
perimental finding. In other words, the preferred site of pro-
tonation can be rationalized in terms of the local density func-
tional descriptors. The experiment and theory proceed hand
in hand in the matter of selecting the preferred site of pro-

tonation in multidented compounds and the theoretical tour
is some local DFT descriptor. But prediction based upon the
calculated atomic charges, on the other hand, would be se-
riously in error.

References
1. R.Stewart, "The Proton: Appellation to Organic Chemistry", Aca-
demic Press, New York, 1985.

2. F. A. Carrol, "Perspectives on Structure and Mechanism in Or-
ganic Chemistry", Brooks-Cole, New York, 1998.

3. J. Zhao and R. Zhang, Atmospheric Environment, 2004, 38,
2177.

4. R.A. Kennedy, Ch.A. Mayhew, R. Thomas and P. Watts, Int. J.
Mass Spectrom., 2003, 627, 223.

G. Bouchoux, Mass Spectrometry Reviews, 2007, 26, 775.
C. A. Deakyne, Int. J. Mass Spectrom., 2003, 227, 601.

S. G. Lias, J. F. Liebman and R. D. Levine, J. Phys. Chem. Ref.
Data, 1984, 13, 695.

8. A Hansel, N. Oberhofer, W. Lindinger, V. A. Zenevich and G. B.
Billing, Int. J. Mass Spectrom., 1999, 559, 185.

9. H. J. Fraser, M. R. S. McCoustra and D. A. Williams, Aston.
Geophys, 2002, 43, 2.10-2.18.

10. A. G. G. M. Tielens, Rev. Mod. Phys., 2013, 85, 1021.
11. E.E. Etimand E. Arunan, Planex Newslett, 2015, 5, 16.

12. E. E. Etim, P. Gorai, A. Das, S. K. Chakrabarti and E.
Arunan, Astrophys. J., 2016, 832(2), 10.3847/0004-637X/
832/2/144.

13. E. E. Etim and E. Arunan, Eur. Phys. J. Plus, 2016, 131,
10.1140/epjp/i2016-16448-0.

14. E. E. Etim and E. Arunan, Adv. Space Res., 2017, 59,
1161.

15. E. E. Etim, E. Arunan, Astrophys. Space Sci., 2017, 362,
1.

16. E. E. Etim, P. Gorai, A. Das and E. Arunan, Eur. Phys. J.
D, 2017, 71, 10.1140/epjd/e2017-70611-3.

17. K. B. Jefferts, A. A. Penzias, R. W. Wilson and P. M.
Solomon, Astrophys. J., 1971, 168, L111-L113.

18. P. F. Goldsmith and R. K. Linke, Astrophys. J., 1981, 245,
482,

19.  W. Fock and T. McAllister, Astrophys. J., 1982, 257, L99-
L101.

20. M. E. Palumbo, T. R. Geballe and A. G. Tielens, Astrophys.
J., 1997, 479, 839.

21. D. C. Thornton, A. R. Bandy, B. W. Blomquist and B. E.
Anderson, J. Geophys. Res.: Atmos., 1996, 101, 1873.

22. K. Hiraoka, K. Fujita, M. Ishida, K. Hiizumi and F. Nakagawa,
J. Am. Soc. Mass Spectrom., 2005, 16, 1760.

23. S. Saebo, M. M. Sanz and S. C. Foster, Theoret. Chem.
Accounts, 1997, 97, 271.

24. S. E. Wheeler, Y. Yamaguchi and H. F. Schaefer Ill, Chem.

2395



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

47.

2396

J. Indian Chem. Soc., Vol. 97, No. 11b, November 2020

Phys., 2006, 124, 10.1063/1.2150819.

R. C. Fortenberry, X. Huang, J. S. Francisco, T. D. Crawford
and T. J. Lee, J. Phys. Chem. A, 2012, 116, 9582.

T. McAllister, P. R. Taylor and M. Scarlett, Org. Mass
Spectrom., 1986, 21, 157.

P. R. Taylor and M. Scarlett, Astrophys. J., 1985, 293,
L49.

J. Liu, B. van Devener and S. L. Anderson, J. Chem.
Phys., 2002, 117, 8292.

D. C. Ghosh, "A theoretical study of some selected mol-
ecules and their protonation by the application of CNDO
method", Premchand Roychand Research Studentship
Award, University of Calcutta, Calcutta, 1976.

J. Melin, F. Aparicio, V. Subramanian, M. Galvan and P. K.
Chattaraj, J. Phys. Chem. A, 2004, 108, 2487.

R. G. Parr and W. Yang, J. Am. Chem. Soc., 1984, 106,
4049.

R. G. Parr and W. Yang, "Density Functional Theory of At-
oms and Molecules", Oxford, University Press, 1989.

W. Yang and R. G. Parr, Proc. Natl. Acad. Sci. USA, 1985,
82, 6723.

R. G.Parr, L, V. Szentpaly and S. Liu, Electrophilicity In-
dex, J. Am. Chem. Soc., 1999, 121, 1922.

D. C. Ghosh and N. Islam, Int. J. Quantum Chem., 2011,
111, 2802.

D. C. Ghosh and N. Islam, Int. J. Quantum Chem., 2011,
111, 2811.

D. C. Ghosh and N. Islam, Int. J. Quantum Chem., 2011,
111, 1942.

D. C. Ghosh and N. Islam, Int. J. Quantum Chem., 2009,
110, 1206.

D. C. Ghosh, N. Islam and S. K. Rajak, Int. J. Chem.
Model, 2009, 2, 361.

D. C. Ghosh, N. Islam and S. K. Rajak, Int. J. Chem.
Model, 2009, 2, 375.

D. C. Ghosh and N. Islam, Int. J. Quantum Chem., 2011,
111, 1931.

D. C. Ghosh and N. Islam, Int J. Quantum Chem., 2010,
111, 1961.

D. C. Ghosh and N. Islam, Int J. Quantum Chem., 2011,
111, 40.

N. Islam and D. C.Ghosh, Mole Phys., 2011, 109, 917.

N. Islam and D. C. Ghosh, European Physical Journal D.,
2011, 61, 341.

N. Islam and D. C. Ghosh, Int. J. Quantum Chem., 2011,
111, 3556.

N. Islam and D. C. Ghosh, Eur. J. Chem., 2010, 1, 83.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

D. C. Ghosh and S. Bhattacharyya, "DFT Correlation of
the Site Selectivity of Donor—Acceptor Chemical Interac-
tion, Nanoscience and Advancing Computational Methods
in Chemistry: Research Progress", Apple Academic Press,
Canada, 2011.

T. A. Albright, J. K. Burdett and M. H. Whangbo, "Orbital
Interactions in Chemistry", Wiley-Interscience, New York,
1985.

J. S. M.Anderson, J. Melin and P. W. Ayers, J. Chem.
Theory Comput., 2007, 3, 358.

P. W. Ayers and M. Levy, Theor. Chem. Acc., 2000, 103,
353.

W. Yang, R. G. Parr and R. Pucci, J. Chem. Phys., 1984,
81, 2862.

P. W. Ayers and R. G. Parr, J. Am. Chem. Soc., 2000, 122,
2010.

J. Melin, P. W. Ayers and J. V. Ortiz, J. Chem. Sci., 2005,
117, 387.

P. Fuentealba and R. Contreras, in: "Reviews of Modern
Quantum Chemistry: A Celebration of the Contributions of
Robert G. Parr, K. D. Sen", World Scientific, Singapore,
2002.

E. Chamorro, R. Contreras and P. Fuentealba, J. Chem.
Phys., 2000, 113, 10861.

P. Geerlings, F. De Proft and W. Langenaeker, Chem.
Rev., 2003, 103, 1793.

P. Pérez, Y. Simén-Manso, A. Aizman, P. Fuentealba and
R. Contreras, J. Am. Chem. Soc., 2000, 122, 4756.

L. T. Nguyen, T. N. Le, F. De. Proft, A. K. Chandra, W.
Langenaeker, M. T. Nguyen and P. Geerlings, J. Am.
Chem. Soc., 1999, 121, 5992.

S. Pal and K. R. S. Chandrakumar, J. Am. Chem. Soc.,
2000, 122, 4145.

R. G. Parr, R. A. Donnelly, M. Levy and W. E. Palke, J.
Chem. Phys., 1978, 68, 3801.

E. P. Gyftopoulos and G. N. Hatsopoulos, Proc. Natl.
Acad. Sci., 1968, 60, 786.

R. G. Parr and R. G. Pearson, J. Am. Chem. Soc., 1983,
105, 7512.

K. D. Sen and S. C. Vinayagam, Chem. Phys. Lett., 1988,
114, 178.

R. G. Pearson, Proc. Natl. Acad. Sci., 1986, 83, 8440.

D. C. Ghosh and J. Jana, Int. J. Quantum Chem., 2003,
92, 484.

M. J. Frisch, G. W. Toucks, H. B. Schlegel, G. E. Scuseria,
M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Baron, B.
Mennucci and G. A. Peterson, Gaussian 09, revision D.01,
Gaussian, Inc., Wallingfort, CT, 2009.



PLLLL DLVOB

o= Ve,
4 Y- .‘g.llﬂ_n“-, l- |
[l .,.wlroﬁ-l'-rl-ousc‘.cpfe.!l'rtitv.l.zﬁm&f
Inlfnif.ﬁﬂpl-l?il-fwﬂlfi . 4
1 2 i A e S o A <
.
DA Ghseriiin. n3 Yl b %, vinss o
i v,
e ———
(i 50 e Mats Wlglss
gggiﬁliaiéﬂgii .
Er.flnil:!arlvls-fz——tt .
B 4 b 38 gy MO e KB Dottt
e W Bk bbb MU D AT Y ‘o i e STl agm
Eill—l-’rnﬁfs!!rsl!ﬁtt X
\ Eiﬁi‘lnl'ggfs“i .

gt |l e o 0 0
Rt & ll!rl-..ae.ﬁgo:.n‘.!. .
: Mgl g ke 3

By AT R St Ak lgiosln o

1XIB pe i ek Q3N 2bG
SRS g A ks i e «




Aq%

Wr

L8

SR

Ay

o

IS

go%

ool

A%

reg

248

Qbs

bag

i,

EE»

O\

PISDF

<-nlble ‘QlE) belbdeb) ‘BIC/C8
L ki i 3 bife
(k) ovo% shicajglel  : kieB kot
, ke O
g B s anz wejs| _B_azﬂ_ﬁam :

wed BANYRS WieYUoAlr PpeewRy
4. eApjueg uelews aedeseApIA




248

Blslicllub] Blls 5 20l Slllblz KIQBllsfob | BIE fells il @52k BLIR b 3
2l Qllstly Shlie Bllklc) Babllebb |12 Qldlols b-lE (3ar<
lolle T QS Blesb k) w|acs] 2DAR ol Blob) B Jola Iefalz B- At llslob
Effllelzie Blollellinb] | 20lla b- 08llsjob, loiBlisbla shde 2 | Gl Sitle &i»
Elcliclinb) Elkls lellloq ISz bl lebis ble Bilie 9 BRb(> 2] ba)
lelie Bolinlia 12) Sl bl Siblllele ‘Sl2) Gh lojRgpledde bl
L) Slallle 29k Badicie bielle Tblla) kibiz Gld—lez MZ)Q kisle Spile
Qllo Blals] Slel | lefiesds fofold> 11159 S0llab) b0 Alisks Shbb) BIAT
Bt B ol balffelio folble Bldda) Sllad), 0 Jduls) Gile],

o Loy
Evgéﬁgggrﬁw%@r&%g

: Kie B B0 &5 | lls0e Sliag $e0b] AE Bl Rl 12 |95

BNk 5 L4l liale] Slollelivp] 26 | e Sllls 002 0155 l0jlo alia e
T 1872 |ie agllole WlttolB Bldelo) Bl | kel aie Bk HSIalke) 225
A0l Elog £2Ja) ldmb) Ml kClle-1tle Slivka | bleTalNslC kil
SEiBl 1 275 [Slickie 528Gl | 1slsYa)bIls) Biate $Ijke) Qe s K2
RRLEIR b Leib] It Bl el 6l 15Dl Blblla | 1slodas06 baluia
o> 51l Sl Glk)ed BAID 216D Ikt BRI B | b2
&k 00M| ek fudilin, 20l L)Ials E16 lleas SRRl Lipoila
el BMIB L) -lal-Rle) Btle (BRI, $0) fiQ)ls)ob, | lelsdali7z
Eglals Lleliclubl, | Loaj12 dbifls bok alls o5 bl 89Ie bgkie
e leBll)% plna) BOi LellOll B loladled |lkeaible Bkl Binic
Elfe BRI BIE Qlecaleb olled] felfe) Bxble ‘@1 & bedlisb (b Bilielin

lelle BYie lalieay
Babllelob 1IBlele & bt




Journal of Mathematical Chemistry (2021) 59:1014-1028
https://doi.org/10.1007/510910-021-01224-8

ORIGINAL PAPER

™

Check for
updates

Theoretical computation of normalised radii, density
and global hardness as a function of orbital exponent

Shalini Chaudhary' . Abhay Chaudhary® - Sandip Kumar Rajak® - Savas Kaya® -
Mustafa ElikS - Tanmoy Chakraborty’

Received: 27 December 2020 / Accepted: 1 February 2021 / Published online: 21 February 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG part of Springer Nature 2021

Abstract

The recent work has an aim to establish a pivotal role of orbital exponent in the
normalized atomic radii, atomic density and atomic hardness. These three periodic
descriptors help to understand the real scenario of an element. Concerning the effec-
tive nuclear charge, screening constant and effective principal quantum number, we
have developed a new relation between these periodic properties and invoked a new
formula by which we can compute the normalized radii, density and global atomic
hardness in terms of the orbital exponent. With comparison to the existing famous
formulae originating from different concepts, we can conclude that our empirical
computation has an inherent efficacy to predict periodicity.
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1 Introduction

Atomic radius is an important periodic descriptor which can govern many phys-
ico-chemical properties. It is a function of the molecular environment [1]. It is
well noted that atomic radii cannot be defined in precession. The size of the mole-
cule relies upon the particle weight. The atomic size is considered as non-observ-
able. Theoretical research on various properties such as the structure of electrons
in an atom and a molecule are carried out depending upon a vast domain, i.e.,
wave mechanics. Quantum mechanics portrays the image of an atom as a separate
group of electrons around the centre of an atom, and every group reaches out to
the core. Similarly, the electrons of an atom come beneath the direct sway of the
nucleus of an atom. There is a finite possibility of determining the location of an
electron in the vast space, leading to a gradual increase in the radial distance with
the diminishing of electron density (p,)) and becomes zero at infinity [2].

The radii categorised as the radii of an atom or an ion irrespective of whether
it is bonded or nonbonded having covalent, and van der Waals forces amongst
each other [3—15]. Though the additivity of atomic and ionic radii was reported
in the early history of size calculation [16-19], it was established later that the
interatomic and interionic distance are a function of the crystal type, allotropic
nature and coordination number [20-23].

Determination of atomic and molecular size has paramount importance in
chemical sciences. Whereas theoretical models have a preference in predicting
absolute atomic and ionic radii, innovative techniques are useful to compute rela-
tive size [24]. Theoretical calculation of atomic and ionic size has evolved from
the empirical model and reached up to Self-Consistent Field theory [25-27].
Empirical relationship gained popularity in terms of the minimum requirement
of computational resources, whereas SCF has inherent importance of its accu-
rate prediction of atomic and ionic size. Empirical ionic radii, as well as atomic
radii, correlate to the wave functions of an ion and atom similar to the maximum
charge density in a valence shell of an atom [7, 10, 28-45]. Recently Chakraborty
et al. [46] have discovered a new set of atomic radii through empirical calcu-
lations considering the relationship between atomic size with various periodic
descriptors, such as ionisation potential (IP) and effective nuclear charge. Slater
[47] propounded a new analytical form of the radial part of one electron function
with the fruitful scope of calculation of normalised radii of atoms. Based on the
versatile suggestions given by Slater, we suggest a new and transit form of for-
mula of normalised radii and density by which we can calculate these properties
for 103 atoms.

@ Springer
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2 Methodology of computation
2.1 Computation of normalized radii and atomic density

The radii have been categorised as the radii of an atom or an ion irrespective of
whether it is bonded or nonbonded having covalent, and van der Waals forces
amongst each other [3, 5-7, 7-12, 14, 16-18, 48, 49]. Though the additivity of
atomic and ionic radii was reported in the early history of size calculation, it was
established later that the interatomic and interionic distance are a function of the
crystal type, allotropic nature and coordination number [19-21, 23, 24, 50].

Determination of atomic and molecular size has paramount importance in
chemical sciences. Several researchers had been trying to define atomic/molecule/
ionic scope invoking different experimental and theoretical methods the trend is
going on till today. Whereas theoretical models have a preference in predicting
absolute atomic and ionic radii, innovative techniques are useful to compute rela-
tive size [51]. The concept of quantum mechanics has put a hindrance to visualise
the rigid size of atom and ion. However, still, atom or ion can approach only up
to a particular distance under the influence of a force during a chemical reaction.
Basis of the empirical approach to evaluate a periodic descriptor is by taking in
mind the conjoint actions of auxiliary periodic descriptors. Periodic law is fun-
damental, and the following periodicity is regarded as a validation of periodic
descriptors. An analytical relation for the radial part of an atom as one electron
function called slater-type orbitals (STO) [47] is as under

R, (r) = Q&2 [2m) 12 exp(=&r) (1)

where R,; (r) = Radial part of atomic orbital, n=the principal quantum number of
the electron, r=distance from the nucleus, £= orbital exponent=(Zn%S), Z = atomic
number, S =screening constant, n*= effective principal quantum number

Z-S=27* 2)

Z*= effective nuclear charge.

Radial charge density pronounces the behaviour of an electron in a province
of space called an atomic orbital. Radial part of atom changes with distance from
the nucleus due to the shape of the orbital. Radial charge density distribution
function ( ()) can be defined [52] as follows

p(r) = 4nr*R? 3)
From Egs. (1) and (3), it may be written as

p(r) = 4rr* &)1 [@m™ "R exp(=2¢7)

4
p(r) = 4z (&) [(2n)!] ™ exp(=2£r) @

Differentiating Eq. (4) concerning r
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dfz—(rr) = [4228)" [@m)!] exp(=26n))[2nr°" ™" = 26r"] 5)

In terms of slater orbitals theoretical atomic radii (ry,,-), equating the right-
4

hand side of Eq. (5) equal to zero and replacing r,,,, by r
n
Tmax = E =r 6)

The relationship [52] of an induced dipole with the applied electric field is
given by

d=aF @)
where d=induced dipole moment, a = polarizability, F=the applied electric
field.
The polarizability can be defined by [53]as under
a=r ®)
£14
a= - ©)
y=2z (10)
3
a=Kr (11)

K =proportionality constant.

In the actual formula, K has used due to the inhomogeneity of the electron
cloud [54]. Purcell [55] calculated the exact quantum mechanical calculation of
polarizability of the hydrogen atom as under

_953

@ = (12)

ay = Bohr radius

On comparing Eqgs. (11) and (12), K is equal to the 4.5.
By putting the value of orbital exponent and the value of r in terms of volume
in Eq. (1) we get a new formula as under

A @=5\""" s l3mF Z=5\/ 3m
R = (2222) a2 () e | (U2 ()

(13)

where d is density.
On considering Eq. (3) with Eq. (1)

@ Springer



1018 Journal of Mathematical Chemistry (2021) 59:1014-1028

Hence

R = <2 (n)
p

max

n+1/2
> [T [(e)" expl—n] (14)

2.2 Computation of Atomic Density

Compare Egs. (13) and (14) and considering the exponential value

o =en|(-52)(2)'

and

Z=5)3m 5 (16)

—n =1 n* " 4rxd

On raising both the side by to power 6 in Eq. (16)

o[£ ()

= (50) ()
)" = ( n 4rd an
de '(Z—S>6< 3m )]

[\ n* 4z (n)®

By use of Eq. (17), we can calculate the exact values of density of atoms which is
computed with the use of orbital exponent for specification, as all the orbitals have
different types of shapes.

R. Onofrio [56] pronounced that electroweak scale gravitational constant has

roughly 1033 times to the Newtonian gravitational constant. Sesvatharam et al. [57]
noticed that

Gw mp 10
G_N = (m_) (18)

Considering an atom, the total mass of an atom is the sum of the product of the
total number of proton and mass of the proton and the product of the total number of
neutrons and mass of neutrons. Hence, we can replace the value of m, by m,

10
T o <"i> (19)
GN m,
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G
(m,)'" = —=(m,)" 20
mP GN m ( )

where G, =Weak Gravitational constant, G,=Electromagnetic Gravitational Con-
stant, G, =Newtonian Gravitational Constant.

We can replace m in Eq. (17) as the mass of an atom is equal to the sum of the
mass of protons and neutrons

Z—S\6( 3(axm,+bxm,)
d=
l( n* >< 47 (n)° D

where a represents the number of neutrons and b is used for a number of protons.

2.3 Computation of Atomic Hardness (n)

The strength of an element is the force of an atom in which the electrons attract
to themselves when they are part of a compound. The chemical hardness of the
atom can signify the resistance of an atom towards its the deformation or polari-
sation of its under a minute perturbation (V) by the chemical reaction. However,
the exact value of this critical quantity is still at large [58—60]. Atomic hardness
can be observed as an essential periodic descriptor for atoms which are useful in
correlation, prediction and modelling of various many Physico- chemical quali-
ties of an atom or a molecule. The correct values of atomic hardness are the fore-
most importance as they are required for modulation and understanding various
biochemical syntheses as well as the structure of condensed matter. The hard-
ness is a conceptual property of an atom, and it cannot be observed physically.
Therefore, we cannot evaluate it experimentally. In fact, the probability of quan-
tum mechanical calculation of hardness is eliminated in accordance with the rules
of quantum mechanics. [61]. Ayers et al. [62] suggested that the atomic radius to
be inversely proportional to the strength and vice versa. Geerlings et al. [63] to
verify the Eqs. (14) and (17), let’s consider the physical quantity, i.e. n (global
hardness). According to the DFT [64-66] (Density Functional Theory), the oper-
ational definition for the hardness is as under
I-A
n=-— (22)
where I defined as the ionization potential of atoms and molecules and A is as the
electron affinity of atoms and molecules.
Feynman et al. [67] suggested that the electric field around a charged particle
as
7

E,=-—L
@ = Jzeg2R 23)

where q used for charge and R =r used for radius
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_@+e? &
T2 2r (24)
A=-1I
Hence
2
e
- 2
n= (25)
As r=r,,,
2
e
- 2
n=5-¢ (26)

where n represents the principal quantum number of orbital, e is the electronic
charge, &representstheorbitalexponent, andn represents the global hardness.
Hence

noé

So, it is clear that global hardness is directly proportional to the orbital exponent.
The global hardness can be calculated by Eq. (26), and it must be considered as a
new scale of global hardness. By Eq. (26), We have computed the global hardness of
103 atoms of the periodic table and found a very nice correlation as global hardness
is a periodic descriptor. We have achieved the atomic hardness of 103 atoms as a
function of orbital exponent in Fig. 4.

3 Results and discussion

Periodicity is an essential chemical construct which has been defined through exper-
imental and theoretical techniques. Many scientists have used theoretical, empirical
methods to explain the qualitative description of periodic descriptors.

The terms atomic size is very prevalent in chemical research, and the notion has
been principally active in explaining several physico-chemical properties of chemi-
cal species and is a beneficial parameter of electronic structure related concept.
We have explored a simple method of computing the normalized size of atoms and
brought together the 103 elements to expose how many diverse properties correlate
with orbital exponent.

In this series, we have developed a new scale or formula to compute normalized
radii (13,14), density (21) and global hardness (26) of 103 elements of the periodic
table.

We have strained the size of atoms as a function of orbital exponent in two differ-
ent fashions in Figs. 1 and 2 by using Eqgs. (13) and (14), respectively.

To inspect the efficacy of the current method, well-known d-block and f-block
screening effect in the periodic table are revealed through our computed data. The
computed normalized radii of transition element of 3d, 4d, 4f and 5f are shown as
a function of the orbital exponent in Figs. 3 and 4, respectively. The methods of
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Rnl ( Eq 13)
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Fig.1 The plot of computed normalized radii (R, as a function of orbital exponent [70] using equation
number 13

Rnl ( Eq 14)*2
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Fig.2 The plot of computed normalized radii (R, as a function of orbital exponent [70] computed using
equation number 14
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Fig.3 Comparative study of computed normalized radii (R;) by equation number 13 and radii [46]
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Fig.4 Comparative study of computed normalized radii (R;) by equation number 14 and radii [46]

computation of normalized atomic radii have been revealed by the physical proper-
ties like:

(A) the principal quantum number of the electron (B) distance from the nucleus
(C) orbital exponent (D) atomic number (E) screening constant (F) effective prin-
cipal quantum number. Our calculated normalised radii of 103 elements have to be
followed in a row and group of the periodic table in a generalized way like.

i) Normalized radii decrease along the row in the periodic table.

ii) Normalized radii increase down the group in the periodic table.

iii) d-block (lanthanides) contraction is clearly shown in Figs. 1 and 2.

iv) f-block atoms (actinides) contraction, also viewed in Figs. 1 and 2.

v) The periodicity of atomic size should be isomorphic with the periodicity of the
orbital exponent.

vi) The periodicity of normalized radii should be harmonized with the periodicity of
atomic radii [46] in Fig. 3.

Horizontally rightward movement and vertically downward will be candid if the
sizes of the atoms are generalized as a function of atomic number.

Slater suggested that the principle maxima of the radial charge density distribu-
tion function on the periphery of the atom may be measured as its theoretical orbital
exponent. The observations transpire from a comparative study [68] of the sizes of
atoms.

We have plotted the computed density of atoms as a function of orbital exponent
in Fig. 5. The universal advent of the plot of atomic density, as revealed in Fig. 5, is
periodic in nature.

In Fig. 6, a comparative study has been shown for the element with atomic num-
ber 1 to 18. A similar trend for both of the plot validates our study. The alkali metals
have the smallest density, and the ideal gas atoms have the most significant atomic
density, and the density increases harmonically horizontally in a period. Hence, it is
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Electron density
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[

Electron density
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Density ( Eq 21)
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.5 The plot of Atomic electron density using Eq. 21 as a function of orbital exponent [70]
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Fig.6 Comparative study of computed atomic electron density of atomic number 1 to 18 and density
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Fig. 7 Comparative study of computed atomic density of atomic number 55 to 85 and density [68]
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clear that the computed atomic density in terms of the orbital exponent of the pre-
sent work expressively exhibits its qualitative periodicity.

Through a comparison between the computed data of atomic density of current
calculation vis-a-vis already reported data [68] in Fig. 7, we propose that the theo-
retically computed values of atomic density of elements from Cs atomic number 55
to Lr atomic number 103 have a good correlation with observed data. Thus we con-
clude that the result is encouraging both extensively and intensively.

Invoking the Eq. 21, we would be able to compute the actual density of 103 atoms
because we are considering the physical factor which affects the density at various
conditions. A notable characteristic is observed when we reduce the temperature to
4 K and retain helium inside it, helium turns into a liquid. It acts against the gravi-
tational rules, the viscosity gets increased, and helium flows without any outflow of
its kinetic energy. The main reason for such effect is the variation of density at such
temperature (Fig. 8).

Even though the atomic hardness is an atomic property and depends upon the
atomic size, it is not an unswervingly quantifiable experimental quantity of an iso-
lated atom, and it has no quantum mechanical operator. From an analysis of the man-
ifest common inter-relationship between atomic hardness (1), Ionisation energy and
electron affinity and their relation with atomic radii, the direct relationship between
atomic hardness and the orbital exponent is self-evident. It seems from Fig. 9 that
the profile for atomic hardness and the profile for orbital exponent are both periodic
and reciprocally homomorphic.

From the Eq. 26, we can conclude that the global hardness turns up to be directly
proportional to orbital exponent which we only used to consider as merely a physi-
cal quantity with no significance while deducing the characteristic of an atom. But
from now we should consider it as a periodic descriptor since we would be able to
differentiate atoms with just knowing it orbital exponent.

Hence, it is evident from the Fig. 10 that the computed atomic hardness in terms of
the orbital exponent of the 103 atoms has a good correlation with the effective principal

=@=d new *6( Eq 21)

computed density

® \
o ann? ./ o LA
H B F Al CIl Sc MnCu As Rb Nb Rh In | La PmTh Tm Ta Ir TI At Ac Np Bk Md
Eelements

Fig. 8 Comparative study of computed atomic electron density of 103 elements of the periodic table and
density [67]
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Fig.9 A plot of Atomic Hardness (1) as a function of orbital exponent [70]
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Fig. 10 Comparative study of computed hardness and different calculated hardness [47, 69, 70]

quantum number, the theoretically calculated atomic hardness in terms of energy [69]
and computed hardness invoking force model [70].

The normalized atomic radii of current calculation have a reasonable correlation
with other available theoretical radii computed through the more erudite methods.
Thus, the present approach of computing the size of atoms, density and atomic hard-
ness modestly seems to be a definite scheme.
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4 Conclusion

A new theoretical approach is suggested to define the normalized radii, density and
atomic hardness of 103 elements in the periodic table. Our computed data signifi-
cantly exhibits the periodicity. Semi and Full filled shell structures are also distinct
in our results. A successful comparative analysis between our computed data vis-a-
vis existing experimental / theoretical results establishes our model.
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Abstract

The structure and physico-chemical properties of vanadium-doped gold nanoalloy clusters [AunV]h (n=1-9; A=0,+1) are
reported within density functional theory framework. The ground state configurations reveal that neutral and anionic clusters
favour planar structures for n=1-9, whereas cationic clusters show three-dimensional geometries for n =7-9. Our computed
results show that the highest occupied molecular orbital (HOMO)-lowest unoccupied molecular orbital (LUMO) energy
gap of neutral, cationic and anionic nanoalloy clusters is in the range of 1.41 eV to 2.50 eV, 1.04 eV to 2.37 eV and 1.25 eV
to 2.24 eV, respectively. It justifies the applications of [Au, V] clusters in optoelectronic, photovoltaic and nonlinear optical
devices. The HOMO-LUMO energy gap and molecular hardness reveal a fascinating odd—even alteration as a function of
cluster size. The electronegativity, electrophilicity index and dipole moment of cationic clusters are more as compared to
neutral and anionic clusters. The computed dipole polarizability has a linear relationship with the cluster size. Calculated
bond length, dissociation energy and vibrational frequency for species [Au,]* and [AuV]* (1=0, + 1) are in agreement with
the experimental results.

Keywords Gold-vanadium nanoalloy cluster - DFT - HOMO-LUMO energy gap - Molecular hardness - Electronegativity

1 Introduction and silver [5, 6]. The distinctive physico-chemical properties

of gold clusters are due to significant relativistic effects [7,

Since last few decades, gold and impurity-doped gold
nanoalloy clusters have been gaining a lot of interest due
to significant technological applications in fabrication of
nanoscale devices, material science, bio-science, medical
science and catalysis [1-4]. Gold nanoalloy clusters display
a unique structural, electronic, optical and magnetic proper-
ties which is different from other coin-age metals like copper
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8]. It is well established through theory as well as experi-
ment that physico-chemical properties of nanoalloy clusters
can be noticeably altered by incorporating suitable impurity
[9, 10]. It is reported that physico-chemical properties of
gold clusters can be tuned through proper doping of transi-
tion metal atoms in gold clusters [11, 12]. These bimetal-
lic nanoalloy clusters show distinct physical and chemical
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properties different from pure and mono-metallic clusters.
It specifies that impurity of atoms plays an important role
in enhancing the physico-chemical properties and structure
of bimetallic clusters [13, 14]. These clusters are suitable
candidates for applications in nanoscience, semiconductors
and life sciences [15, 16].

Among the transition metals of the periodic table, vana-
dium is considered as one of the important transition met-
als due to its applications in memory and sensing devices
[17]. Creveling et al. [18] investigated the gold—vanadium
alloys by using heat treatment method. They revealed that
molecular system Au,V displays interesting ferromagnetic
properties at 60° K. Jaque et al. [19] investigated Cu clus-
ters by using conceptual density functional theory (CDFT)
approach. They reported that CDFT method is very help-
ful in computing the physical and chemical properties of
metallic clusters. Poater et al. [20] have performed a detailed
investigation on Cu clusters and Cu monocarbonyls cluster
by using CDFT methodology. Seminario et al. [21] studied
small gold clusters Au, (n=1-4) by using DFT technique.
Authors reported that tetrahedral structure with the lowest
spin multiplicity is not the ideal geometry for neutral Au,
however this structure is preferred for charged clusters. Paz-
Borbon et al. [22] studied gold clusters supported on pristine
and MgO surface with the help of DFT technique. Yan et al.
[23] reported the electron transport characteristic in Au—Si
interface by using DFT method. Authors stated that Au-Si
junctions can be suitable for chemical sensors and switch-
ing devices. Yang et al. [24] investigated transition metal-
doped gold clusters MAu,, (M =YV, Cr, Mn, Fe, Co and Ni)
by using DFT approach. They found that these atoms can
be doped steadily into Au,, cluster without making any sig-
nificant change in the atomic and electronic geometry of the
parent cluster. Du et al. [25] performed extensive study for
the structure of transition metal-doped gold clusters MAu,,
(M =3d-5d) by using DFT methodology. They found that
Mo- and W-doped gold clusters display a perfect icosahe-
dron cage geometry. Ben-Xia et al. [26] studied structural,
electronic and magnetic properties of transition metal-doped
gold clusters AusM (M =Sc—Zn) by using DFT technique.
The ground state configuration of these clusters reveals that
M atom prefers to be placed at the highly coordinated site.
Torres et al. [27] studied [Au,M]* (n<9; M=Sc, Ti, V, Cr,
Mn, Fe, Au) clusters by using Density Functional Theory
(DFT) methodology. They found the lowest energy structure
as n=06 for Sc, n=>5 for Ti, n=35, 7 for V, Cr, Mn and Fe.
Li et al. [28] investigated [MAu4]™ (M =Ti, V, Cr) clusters
by using photoelectron spectroscopy and DFT technique.
The result shows that neutral and anionic clusters favour
planar geometry in which transition metal is placed at the
centre and it also displays large magnetic moment. Doping
of transition metals in gold clusters enhances the physico-
chemical properties and bond strength of bimetallic clusters
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[14, 29]. Blades et al. [30] investigated the geometries, sta-
bilities and magnetic properties of [VCu,]*, [VAg,]" and
[VAu,]* clusters by using DFT method. They stated that
atomic configuration of the host cluster is very crucial in
influencing the bonding properties of an impure atom with
a localized spin magnetic moment. Hua et al. [31] reported
that stabilities and binding energies of aluminium clusters
are enhanced after doping of vanadium in aluminium clus-
ters. Medel et al. [32] reported that stability of neutral and
cationic vanadium-doped silver cluster depends on the shape
of the cluster. Furthermore, they pointed out that for larger
clusters, the lowest energy structure is transit from planar
to 3-d structure whereas the second lowest energy structure
of [Ag,V]* is occupied with 1S and 1P shells. Nhat et al.
[33] studied neutral and anionic vanadium-doped gold clus-
ters by using DFT technique. The study shows that neutral
clusters with even number of atoms favour a high spin state.
Recently, Die et al. [10] reported vanadium-doped copper
clusters by using DFT methodology. They revealed that
doping of vanadium atom in copper clusters enhanced the
chemical stability, binding energy and other physical and
chemical properties of host clusters.

In this report, structure and Physico-chemical properties
of [AunV]x (n=1-9; 1=0,+ 1, —1) nanoalloy clusters are
systematically investigated by using DFT methodology.
The ground state configurations and low-lying isomers of
neutral, cationic and anionic Au,V nanoalloy clusters are
studied. In addition, we have also investigated DFT-based
global descriptors HOMO-LUMO energy gap, molecu-
lar hardness, softness, electronegativity, electrophilicity
index, dipole moment and dipole polarizability of [Au,V]*
nanoalloy clusters. Our data reveal an interesting relation-
ship between HOMO-LUMO energy gap and DFT-based
descriptors of Au,V nanoalloy clusters.

2 Computational details

Among several computational techniques, DFT has
emerged as one of the most successful approaches to deal
with physical and chemical properties of nanoalloy clus-
ters. DFT methods have provided a new dimension in the
field of nanoscience, electronics, physics, chemistry, mate-
rial science, life sciences and even earth sciences [34].
In this report, nanoalloy clusters of [AunV]h (n=1-9;
A=0,+ 1) are investigated within density functional theory
framework. Geometry optimization and modelling have
been performed using computational software Gaussian
16 [35]. For optimization, we have used hybrid functional
Becke three-parameter Lee—Yang—Parr exchange correla-
tion functional (B3LYP) and basis set LANL2DZ. The
hybrid functional B3LYP has been proven very efficient
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for bimetallic clusters especially for impurity-doped gold
clusters [36]. In recent years, B3ALYP/LANL2DZ is widely
used to compute physico-chemical properties of bimetallic
clusters [10, 14, 15, 37].

With the help of Koopmans’ Approximation, Ionization
Energy (IE) and Electron Affinity (EA) of [AunV]k nanoal-
loy clusters are calculated by using the following approach
[38]

I = —€xomo €))]

A= o @

The conceptual density functional theory (CDFT)-based
global descriptors viz. HOMO-LUMO energy gap, molecu-
lar hardness (77), softness (S), electronegativity (y) and elec-
trophilicity index (w) are also computed by using the fol-
lowing equations

_I+A

X=—H 2 3)

where u represents the chemical potential of the system.

1

S = 2 (5)
_ W

®= o (6)

3 Results and discussion

3.1 Geometrical structures of V-doped Au
nanoalloy clusters, [Au V] (n=1-9;A=0,+1,
-1)

The ground state configurations and low-lying isomers of
vanadium-doped gold clusters are discussed in this section.
Several isomers are optimized during the quest for the lowest
energy structure of Au,V nanoalloy clusters, however only
the four most stable structures for each cluster are depicted
in Figs. 1, 2 and 3 for neutral, cationic and anionic state,
respectively. The isomers are placed in low to high energy
order.

3.2 Neutral Au,V nanoalloy clusters (n=1-9)

The lowest energy structure and low-lying isomers of neu-
tral vanadium-doped gold nanoalloy clusters are shown in

Fig. 1. The low-lying isomers are arranged in the format of
N-A-X, where N is the neutral cluster, A is total number
of gold atoms and X represents the position of the lowest
energy structure of each cluster. Furthermore, symmetry,
spin multiplicity state and energy difference between ground
state configuration and isomers for each cluster are also pre-
sented in Fig. 1. The optimized results show that ground
state configurations of neutral Au,V (rn=1-9) nanoalloy
clusters evidently favour planar structure. The lowest energy
structure for AuV nanoalloy cluster shows singlet spin with
bond length between Au and V is 2.514 A, whereas the
bond length between Au—Au for Au, cluster is computed as
2.49 A. It shows that bond length of AuV is larger than that
of Au,. The computed bond lengths for Au, and AuV are in
agreement with the previous reports [33]. The most stable
structure (N-2—1) of Au,V nanoalloy cluster is of symmetry
group C,y, with spin multiplicity sextet. The average distance
between Au—V is 2.686 A and the angle between Au—V—-Au
is 62.35°. The second most stable structure (N-2—-2) with
symmetry form C_y is a linear structure with spin state dou-
blet. It is energetically 1.567 eV higher than the most stable
structure (N-2-1). The isomer N-2-3 with spin state quartet
and point group C,y, is of triangular structure and it is ener-
getically less stable than N-2—1 and N-2-2 by 1.604 eV and
0.037 eV, respectively.

The lowest energy structure of Au;V nanoalloy cluster is
N-3-1 isomer with symmetry group C, and singlet spin state.
The isomer N-3—-1 with Y-shape geometry is obtained by
adding one gold atom to isomer N-2—3. The isomer N-3-2
with singlet spin state and symmetry group Dy, is energeti-
cally very close to the ground state configuration N-3-1.
Nhat et al. [33] found the isomer N-3-2 as the most stable
structure for Au;V cluster, whereas, our optimization result
suggests that structure N-3-2 is energetically less stable than
N-3-1 by 0.006 eV. The isomer N-3-3 is a rectangular struc-
ture with point group C,y and singlet spin state. The isomer
N-3-3 is less stable by 0.057 eV and 0.051 eV from isomers
N-3—-1 and N-3-2, respectively. Isomer N-3—4 is obtained
by exchanging the position of gold and vanadium atoms in
the lowest energy structure N-3—1. The isomer N-3—4 with
symmetry group C; and singlet spin is 1.26 eV less stable
than the ground state configuration N-3-1.

The most stable structure of Au,V nanoalloy cluster is
isomer N-4-1 with point group C,y and doublet spin state.
It is obtained by adding two gold atoms on opposite sides
of isomer N-2-3. The structure N-4-1 is in agreement with
the previous result reported by Nhat et al. [33]. The isomer
N-4-2 with symmetry group C, and spin multiplicity state
doublet, is optimized from structure N-3-3 by addition of
a gold atom. It is energetically less stable by 0.644 eV than
the most stable isomer N-4—1. Isomer N-4-3 with sym-
metry group C,y and doublet spin state is higher in energy
than the most stable structure by 0.715 eV. The optimized
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Fig.1 The ground state con-
figuration and low-lying isomers
of neutral Au,V nanoalloy
clusters (n=1-9)

@ Springer

.
N-1-1, Coy, 1,
AE=0¢eV
o il
2 9 99 |
N-2-1, Cyy, 6, N-2-2, Coy, 2, N-2-3, Cyy, 4,
AE=0¢eV AE =1.567 eV AE =1.604 eV
3 - 2 2
99— & - . - & = s
N-3-1,C,, 1 N-3-2, D3p, 1 N-3-3, Cyy, 1 N-3-4,Cy, 1
AE=0¢eV AE=0.006eV | AE=0.057¢V | AE=1.226¢eV
P a » >
/ @ — B -1 : 3
o - J_. =
9— - > > I
N-4-1, Cyy, 2 N-4-2,C,, 2 N-4-3, Cyy, 2 N-4-4, Cy,, 2
AE=0¢eV AE =0.644 eV AE=0.715eV | AE=1.088¢V
- E ] b 9
R JT-’ R J. _ J
N-5-1, Cyy, 1 N-5-2,Cy, 1 N-5-3, Gy, 1 N-5-4, Cy,, 1
AE=0¢eV AE =0.027 eV AE =0.644 eV AE =0.897 eV
2 = 2 D e =
S | P > 2
| = ) o — = =
@ | @ @ -
- @ &9 &
N-6-1, Dgp, 2 N-6-2, Cq, 2 N-6-3, Cs, 2 N-6-4,Cy, 2
AE=0¢eV AE=0.910¢V AE=1.90¢eV AE=1.978 ¢V
o - > =
& o Sy i = y :".\;___J
&3 p | KK » oo | & j\ 7
- - J
@ —
N-7-1, C,, 1 N-7-2, Cyy, 1 N-7-3,C,, 1 N-7-4, Cyy, 1
AE=0¢eV AE =0.037eV AE=0.511eV AE =0.825¢eV
~Wa f - = " p "\
&——I @9 P @ = ‘T’ ‘r
—— 9 ¢ ) pe—
N-8-1, Cy, 2 N-8-2, Cy, 2 N-8-3, Cyy, 2 N-8-4, C, 4
AE=0¢eV AE =0.465 eV AE =0.503 eV AE=0.817¢eV
@ 2 2 2 -2 I -
A a@——P | k| S
. =
i = N e D@ 2 I & ——
N-9-1, Cy,, 1 N-9-2,C,, 1 N-9-3,C,, 1 N-9-4, Cy,, 1
AE=0¢eV AE=0.318¢eV AE= 091¢eV AE=1.149 eV




Theoretical Chemistry Accounts

(2021) 140:59

Page50f12 59

Fig.2 The ground state con-
figuration and low-lying isomers
of cationic [Au,V]* nanoalloy
clusters (n=1-9)
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isomers of Au,V nanoalloy clusters show that isomers
N-4-3 and N-4-2 are energetically close and have energy
difference of 0.071 eV. The isomer N-4—4 is optimized
from N-4-3 by shifting the position of gold and vanadium
atoms. Isomer N-4—4 with point group C,y and doublet
spin state is less stable by 1.088 eV than the ground state
configuration N-4-1.

The optimized geometries of AusV nanoalloy cluster
reveal that planar structure is more preferable than the
three-dimensional structure. The most stable structure
(N-5-1) with point group C,y and singlet spin state is a
planar structure which is obtained from N-4—1. The isomer
N-5-2 is a three-dimensional structure with point group C,
and singlet spin state. It is less stable by 0.027 eV than the
lowest energy structure N-5-1. Isomer N-5-3 is obtained
from most stable structure N-5—1 by changing the position
of gold and vanadium atom. Isomer N-5-3 with symme-
try group C,y and singlet spin is less stable by 0.644 eV
than N-5-1. Isomer N-5—4 is a planar structure with point
group C,y with singlet spin. It is obtained from N-5-2
by capping with gold and vanadium atom from opposite
sides of rhombus. The energy difference between N-5-4
and N-5-11is 0.897 eV.

The ground state configuration of AugV nanoalloy clus-
ter (N-6-1) is a ring-type structure in which vanadium
atom positioned at the centre. The optimized structure is
in agreement with the previous results [28, 33, 39]. The
isomer N-6-1 with symmetry configuration D¢, and spin
multiplicity state doublet is found from N-4—1 by addition of
two gold atoms. The isomer N-6-2 with point group Cg and
doublet spin is a rhombus-shape structure capped with three
gold atoms from sides. Energetically it is less favourable by
0.910 eV than the lowest energy structure N-6—1. Isomer
N-6-3 is obtained from N-5-3 by adding one Au atom. It has
symmetry configuration Cg with spin multiplicity doublet
and energetically less favourable by 0.99 eV and 1.90 eV
than the isomers N-6-2 and N-6-1, respectively. The isomer
N-6—-4 with symmetry group C; with doublet spin state is
1.978 eV less stable than the isomer N-6—1.

After optimization of several planar and three-dimen-
sional structures, isomer N-7—1 is found as the most stable
structure. It is optimized from N-6-1 with symmetry con-
figuration C, and spin state singlet. The isomer N-7-2 is a
ring structure formed by Au atoms and capped with vana-
dium atom from one side of the ring. [somer N-7-2 is found
from N-7-1 by substituting Au atom in place of V atom at
the centre of the ring. The second lowest energy structure
with point group C,y, and singlet spin state is only 0.037 eV
higher in energy than the ground state configuration N-7-1.
The isomer N-7-3 is a rhombus-type structure capped with
vanadium and gold atoms from sides. Structure N-7-3 with
point group C, and singlet spin state is energetically less

favourable than isomers N-7—1 and N-7-2 by 0.511 eV and
0.474 eV, respectively. The isomer N-7-4 with symmetry
group C,y and singlet spin state is three-dimensional struc-
ture and higher in energy by 0.825 eV than the ground state
configuration N-7-1.

The ground state configuration N-8—1 of AugV nanoal-
loy cluster with point group C; and doublet spin is a pla-
nar structure which obtained after incorporation of two
gold atoms to isomer N-6-1. The isomer N-8-2 is a three-
dimensional geometry with two layers of rhombus struc-
ture and vanadium atom is placed at the centre. The isomer
N-8-2 with spin multiplicity doublet and symmetry group
C, is energetically less favourable than the planar structure
(N-8-1) by 0.465 eV. The isomer N-8-3 with point group
C,y and doublet spin state is obtained from N-7-3 in which
vanadium atom placed at the centre. It is only 0.038 eV
higher in energy than the 3-d isomer N-8-2 and 0.503 eV
higher than the isomer N-8—1. The isomer N-8—4 is obtained
from N-8-2 in which two layers of rhombus are capped by
vanadium atom from one end. Isomer N-8—4 with configura-
tion C, and quartet spin state is 0.817 eV higher in energy
than the most stable structure N-8—1.

The ground state configuration N-9—1 with symmetry
group C,y and spin multiplicity singlet is obtained from
isomer N-6—1. The structure N-9-2 with symmetry group
C, and singlet spin state is found from isomer N-3-3 by
adding more number of Au atoms on both sides of rectangle.
The isomer N-9-2 is 0.318 eV higher in energy than the
most stable structure N-9—1. Isomer N-9-3 is obtained from
N-9-2 after swapping the position of vanadium and gold
atom. The structure N-9-3 with point group Cg and singlet
spin is energetically higher in energy by 0.91 eV than the
lowest energy structure N-9—1. The isomer N-9—4 is opti-
mized from most stable structure N-9—1 after exchanging
the position of Au and V atom. The structure N-9-4 with
symmetry group C,y and singlet spin state is energetically
less favourable by 1.191 eV than the isomer N-9-1.

3.3 Cationic [Au,V]* nanoalloy clusters (n=1-9)

The ground state configuration and low-lying isomers of cat-
ionic vanadium-doped gold nanoalloy clusters [Au, V]* are
presented in Fig. 2. The low-lying isomers are arranged in
the format of C—A-X, where C is the representation of cati-
onic cluster, A is total number of gold atoms and X repre-
sents the position of the lowest energy structure of each clus-
ter. Moreover, symmetry, spin multiplicity state and energy
difference between ground state configuration and isomers
for each cluster are also presented in Fig. 2. The result shows
that the most stable structure for cationic nanoalloy clus-
ters [Au,V]* (n=1 to 6) is having planar structure, whereas
three-dimensional structure is observed for clusters, n="7 to
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9. The ground state configurations of cationic [Au,V]* are
in line with the geometries reported by Torres et al. [27].
The optimized structure of AuV reveals that formation of
cationic [AuV]* nanoalloy cluster is responsible to decrease
the bond length between Au and V by 0.118 A, which is
in agreement with the previous result reported by Torres
et al. [27]. The result shows that ground state configura-
tion of nanoalloy clusters [Au,V]*, [Au,V]* and [AusV]*
have identical structure with respect to their corresponding
neutral clusters. The most stable structure of [Au3V]™ is rec-
tangular structure (C-3-1) with point group C,,; and doublet
spin. The second lowest energy structure (C-3-2) which is
only 0.027 eV higher in energy than isomer C-3-1, is not
planar but distorted a bit with symmetry configuration C,y,
and doublet spin multiplicity. For [AugV]*, lowest energy
structure C-6-1 with point group C, and singlet spin multi-
plicity is obtained from C-5-1. Isomer C-6-2 with ring-type
structure in which vanadium atom is placed at the centre,
is less stable by 0.138 eV than the most stable structure.
Isomer C-6-2 with symmetry configuration D, is having
singlet spin multiplicity state.

For [Au,V]* nanoalloy cluster, ground state configura-
tion C-7-1 with symmetry group C, and spin multiplicity
doublet is a three-dimensional geometry, where a rhombus
structure is capped by vanadium and gold atoms from oppo-
site faces and with gold atoms from two sides. The second
lowest energy structure C-7—2 with spin multiplicity quartet
and point group C,y is of double layer of rhombus structure,
which is connected back to back. Isomer C-7-2 is 0.365 eV
higher in energy than the most stable structure C-7—1. The
isomer C-7-3 is obtained from C-7-1 after swapping the
position of vanadium and gold atom. It is energetically
less stable than isomers C-7—1 and C-7-2 by 0.762 eV and
0.397 eV, respectively. The isomer C-7—4 is a planar struc-
ture with symmetry configuration C, and doublet spin state.
It is obtained from isomer C-6-2 and energetically less sta-
ble by 1.210 eV than the most stable isomer C-7-1.

The ground state configuration (C-8-1) of [AugV]*
nanoalloy cluster with symmetry group C, and singlet spin
multiplicity is a thombus structure capped by gold atoms
from top and sides. The isomer C-8-2 is obtained from
C-8-1 by swapping vanadium and gold atom. The isomer
C-8-2 with point group C, and singlet spin is energetically
less favourable than the isomer C-8—1 by 0.106 eV. The iso-
mer C-8-3, a planar structure with symmetry group C, and
singlet spin is obtained from isomer C-6-2. It is 0.391 eV
higher in energy than the most stable structure C-8-1. Iso-
mer C-8—4 with symmetry group C,y and singlet spin is
obtained from structure C-5-1, it is less stable than the
ground state configuration, C-8—1 by 0.687 eV.

The lowest energy structure (C-9-1) and second most
stable structure (C-9-2) is obtained from isomer C-8—4 by
addition of one Au atom and exchanging the position of
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vanadium with gold atom. Isomer C-9-2 is less stable than
the most stable structure C-9—1 by only 0.067 eV. Isomer
C-9-3 is a double layer of pentavalent geometry with sym-
metry group C,y and doublet spin multiplicity. Isomer C-9-3
is higher in energies than the isomers C-9—1 and C-9-2 by
0.296 eV and 0.229 eV, respectively. Isomer C-9—4 with
symmetry group C,y and doublet spin is a planar structure
obtained from C-8-2. It is 0.714 eV higher in energy than
the most stable structure C-9—1.

3.4 Anionic[Au,V]™ nanoalloy clusters (n=1-9)

The lowest energy structure and low-lying isomers of anionic
vanadium-doped gold nanoalloy clusters [Au, V]~ are pre-
sented in Fig. 3. The low-lying isomers are arranged in the
format of A—B—X, where A is representing anionic cluster, B
is total number of gold atoms and X represents the position of
the lowest energy structure of each cluster. Moreover, sym-
metry, spin multiplicity state and energy difference between
the most stable structure and isomers for each cluster are
also presented in Fig. 3. The result reveals that the lowest
energy structures for anionic clusters [Au, V]~ are identical
to neutral clusters, except [Au;V]™ nanoalloy cluster. The
optimized structures are in agreement with the previous result
reported by Nhat et al. [33]. The optimized structure of ani-
onic [AuV]™ cluster shows that bond length between Au and
V is increased by 0.186 A as compared to the bond length
formed between Au and V in neutral cluster. The most stable
structure of [Au; V]~ nanoalloy cluster is A-3—1 isomer with
a symmetry configuration D3, and doublet spin multiplicity.
The second lowest energy structure (A-3-2) with point group
Cg and doublet spin state is higher in energy than the iso-
mer A-3—-1 by 0.133 eV. The isomer A-3-3 with point group
C, and doublet spin is less stable than A-3—1 by 0.353 eV.
Isomer A-3—4 with configuration C,y, and doublet spin mul-
tiplicity is energetically less favourable than the most stable
structure by 0.416 eV. The energy difference between isomers
A-3-3 and A-3—4 is only 0.053 eV.

3.5 Electronic properties and DFT-based descriptors
of [Au VI* (n=1-9;A=0,£1)

In this section, we have studied the electronic properties
and DFT-based global descriptors—molecular hardness,
softness, electronegativity, electrophilicity index, dipole
moment and dipole polarizability of [AunV]}‘ (n=1-9;
A=0,+ 1) nanoalloy clusters. The frontier orbitals, the
highest occupied molecular orbital (HOMO) and the low-
est unoccupied molecular orbital (LUMO) are significant
parameters to investigate the electronic properties of clus-
ters at nanoscale. The energy difference between these two
orbitals specifies the minimum energy required for a charge
carrier to move from occupied orbital to unoccupied orbital,
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due to which conduction occurs in any cluster. It is also
established that HOMO and LUMO play an important role
in transfer of charge and bonding during the development
of donor—acceptor interaction in any molecule [40—44].
The HOMO-LUMO energy gap reveals the chemical sta-
bility of nanoalloy clusters. It exhibits that cluster with large
HOMO-LUMO gap offers high stability to species. The
HOMO-LUMO energy gap of [AunV]x (n=1-9;1=0,+1)
nanoalloy clusters is presented in Fig. 4. The result shows
that HOMO-LUMO energy gaps of neutral, cationic and
anionic [Au, V] nanoalloy clusters are in the range of 1.41 eV
to 2.25 eV, 1.04 eV to 2.37 eV and 1.25 eV to 2.24 eV,
respectively. The result reveals that [Au;V], [AusV]" and
[Au; V] clusters have the maximum energy gap of 2.504 eV,
2.374 eV and 2.248 eV, respectively. Similarly, clusters
[AugV], [Au,V]* and [AugV]™ have been observed with the
least value of energy gap in this range. In recent years, it
is reported that energy gap of bimetallic clusters ranging
between 1.2 eV and 3.3 eV is suitable for applications in
nonlinear optical devices, optoelectronic and photovoltaic
especially for solar cells [45-53]. Therefore, [Au, V] clusters
may also be suitable candidate for these applications. We
have found an interesting odd—even oscillation behaviour
in neutral, cationic and anionic clusters with respect to the
function of cluster size, n. Clusters with odd number of n
are more stable as compared to their neighbour cluster with
even number of n. It means that clusters at n=1, 3, 5, 7 and
9 are having more HOMO-LUMO energy gap as compared
to their corresponding neighbour clusters at n=2, 4, 6 and 8.

Molecular hardness is an important parameter to define
stability, binding and dynamics of nanoalloy clusters [54].
Pearson reported that “every molecule tries to arrange them-
selves as hard as possible according to the rule of nature”
[55]. When a molecular system changes from an unstable
state to stable equilibrium state, its hardness value increases,
whereas when it moves from a stable state to unstable state,
its hardness value decreases [40]. The molecular hard-
ness (in eV) of neutral, cationic and anionic V-doped Au
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Fig.4 HOMO-LUMO energy gap of [Au,V]* (n=1-9; 1=0,%1) as
a function of cluster size, n
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Fig.5 Molecular hardness of [AunV]}‘ (n=1-9; A=0,+1) as a func-
tion of cluster size, n

nanoalloy clusters is presented in Fig. 5. The result exhibits
that nanoalloy clusters [Au;V], [AusV]* and [Au;V]™ have
the maximum hardness values of 1.252 eV, 1.187 eV and
1.124 eV, respectively, whereas clusters [AugV], [Au,V]*
and [AugzV]™ have the least hardness values of 0.707 eV,
0.523 eV and 0.627 eV, respectively. The molecular hardness
values also reflect odd—even oscillation behaviour, indicat-
ing that hardness at n=1, 3, 5, 7 and 9 is more as compared
to their corresponding neighbour clusters at n=2, 4, 6 and
8. The computed results show a linear correlation between
molecular hardness and energy difference between the fron-
tier orbitals, i.e. HOMO-LUMO energy gap.

The hardness and softness is a fundamental concept to
understand the depiction of chemical events [54, 55]. The
computed softness (in eV) for neutral, cationic and anionic
Au,V nanoalloy clusters is shown in Fig. 6. The results
reveal that molecular hardness and softness have an inverse
relationship. It indicates that clusters at n=2, 4, 6 and 8 have
a large value of softness as compared to their neighbour
clusters at n=1, 3, 5, 7 and 9. The data show that clusters
[AugV], [Au,V]* and [AugV]™ have the maximum softness
values whereas clusters [Au;V], [Au5V]Jr and [Au;V]™ have
the minimum softness values.
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Fig.6 Molecular softness of [AunV]k (n=1-9; 1=0,+1) as a func-
tion of cluster size, n
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Table 1 Electronegativity of [AunV]}‘ (n=1-9; 1=0,%1) nanoalloy
clusters

Number of au atoms Neutral Cationic Anionic
(n)

1 3.678 11.332 1.032
2 3.788 9.681 0.136
3 5.223 9.945 1.138
4 5.592 9.772 0.226
5 4.446 9.642 0.626
6 5.086 9.089 0.816
7 5.062 9.122 0.759
8 5.463 9.019 0.688
9 5.008 9.093 0.533

Table 2 Electrophilicity index of [Au,V]* (n=1-9; =0, + 1) nanoal-
loy clusters

Number of au atoms Neutral Cationic Anionic
(n)

1 7.388 68.004 0.608
2 7.898 64.217 0.012
3 10.894 47.410 0.576
4 13.915 91.269 0.030
5 7.938 39.163 0.216
6 18.290 47.699 0.531
7 13.879 43.256 0.359
8 17.571 46.518 0.334
9 12.494 41.062 0.168

The electronegativity equalization principle is an
important factor to understand the charge transfer between
donor and acceptor in chemical species [55-61]. It stipu-
lates that when two complexes come in close contact, elec-
trons start moving from lower electronegativity to higher
electronegativity species till the electronegativity of all the
systems—donor, acceptor and adduct will become stable at
some transitional level [40]. The electronegativity (in eV)
of [AunV]X (n=1-9; =0, + 1) nanoalloy clusters is calcu-
lated and presented in Table 1. The result shows that cati-
onic clusters have high electronegativity values whereas,
neutral and anionic clusters have moderate and low values,
respectively. The maximum electronegativity values are
observed for clusters [Au,V], [AuV]* and [AusV]™.

The electrophilicity index is a parameter to calculate
the reduction of energy in donor—acceptor molecular
system due to excessive flow of charge carriers between
donor and acceptor and it is influenced by IE and EA [62].
The electrophilicity index (in eV) of [AunV]x (n=1-9;
A=0, + 1) nanoalloy clusters is presented in Table 2. The
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result reveals that cationic clusters have a high electrophi-
licity index, whereas anionic and neutral clusters have a
low and moderate value, respectively. The maximum value
of electrophilicity index is observed for clusters [AugV],
[Au,V]" and [AuV]™.

The dipole moment (in Debye) for [AunV]x (n=1-9;
A=0,+1) nanoalloy clusters is presented in Fig. 7. The com-
puted result shows that dipole moment of cationic clusters is
more as compared to neutral and anionic clusters. In the case
of neutral clusters, AuyV has dipole moment less than one
Debye, clusters Au,V and Au,V have dipole moment one
Debye whereas, other clusters have large dipole moment. In
cationic state, all clusters have large dipole moment, more
than one Debye. The maximum dipole moment is observed
for [Au,V]* nanoalloy cluster. In anionic state, clusters
[Au,V]™ and [Aus;V]™ have low dipole moment, less than
one Debye, whereas other clusters, n=1, 3,4, 6,7, 8, 9
have large dipole moment, more than one Debye. The maxi-
mum dipole moment of anionic state is found for cluster
[AuV]™ nanoalloy cluster.

The dipole polarizability (in Coulomb-meter?) of neu-
tral, cationic and anionic state is presented in Fig. 8. The
result shows that dipole polarizability of neutral, cationic
and anionic V-doped Au nanoalloy clusters increases with
the cluster size. The dipole polarizability of anionic clusters
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Table 3 Computed and experimental parameters of [Au2]7‘ and [AuV]* (1=0,+1)

Species Exp. bond length A) Computed bond  Exp. vibrational Computed vibrational ~— Exp. dissociation ~Computed dis-
length (A) frequency (cm 1) frequency (cm ~') energy (eV) sociation energy
(eV)
Au, 2.47 16364 2.49 191164 169 2.29+0.02!4 2.26
A 2,631 2.69 130 2.0+£0.31%% 130
Au; 2.58£0.007"%! 273 149+ 10171 114 1.931¢! 1.86
AuV 2.514 219 2.51+0.09!%4 2.48
[AuV]* 2.396 273 1.52
[AuV]™ 2.700 157 1.99
Table 4 Comparison of Au—Au bond distances 6, prefer planar geometry and structural transition occurs
Soeci : - at n="7. The result shows that the HOMO-LUMO energy
pecies Previously reported Species Com- o o >
data (A) puted gap of neutral, cationic and anionic nanoalloy clusters is
data (A) in the range of 1.41 eV to 2.25 eV, 1.04 eV t0 2.37 eV and
1.2 2.24 r ively. This energy range ensur
Au, 5 7268 ALY 578 5eV tp . eV, respectively S energy range ensu .es
An 2 6959 ALV 283 the applications of [Au,V] clusters as optoelectronic,
4 . 3 . . . . .
hotovoltaic and nonlinear optical devices. The nanoal-
Aug 2727071 AugV 2.76 p P

is more as compared to neutral and cationic clusters, except
for [AuV]".

Bond length, dissociation energy and vibrational fre-
quency for species [Auz]k and [AuV]* (A1=0,%£1) are com-
puted and compared with experimental data in Table 3
[63—67]. A good agreement is observed between computed
and experimental result from Table 3. Bond distance of
Au—Au for species Aus, Au, and Aug is compared with the
corresponding mixed clusters in Table 4. Guo et al. [67]
reported the bond distance between Au—Au for species Au,
is 2.72 A. For ground state configuration of Au,, bond dis-
tance between Au—Au is reported as 2.69 A by Balasubra-
manian et al. [68]. Electronic structure of Aug is reported
by Liao et al. [69]. Udayabhaskararao et al. [70] studied
the 13-atom silver-gold cluster, Ag;Au,. They found the
Au-Au bond distance for Aug compound as 2.72 A. Our
results show the Au—Au bond distance for corresponding
mixed clusters Au,V, Au,V and AusV as 2.78 A,2.83 Aand
2.76 A, respectively. It indicates that Au—Au bond distance
in vanadium-doped gold cluster is large as compared to the
pure gold cluster.

4 Conclusion

In this report, we have investigated the structure and elec-
tronic properties of [Au, V]* (n=1-9; 1=0, + 1) nanoalloy
clusters by using density functional theory technique. The
lowest energy structure of neutral and cationic clusters
favour planar structure. Cationic clusters, from n=1 to

loy clusters [Au;V], [AusV]* and [Au,V]™ are found as
the most stable clusters with energy gap of 2.504 eV,
2.374 eV and 2.248 eV, respectively. A strong correlation
is established between HOMO-LUMO energy gap and
computed DFT-based descriptors. The HOMO-LUMO
energy gap and molecular hardness reveal an odd—even
alteration behaviour as a function of cluster size, indicat-
ing that clusters at n=1, 3, 5, 7 and 9 are more stable
as compared to their neighbouring clusters at n=2, 4, 6
and 8. The electronegativity, electrophilicity index and
dipole moment of cationic clusters are high as compared
to neutral and anionic clusters. The dipole polarizability
of neutral, cationic and anionic Au,V nanoalloy clusters
increases with the cluster size. Computed bond length,
dissociation energy and vibrational frequency for species
[Auz]}‘ and [AuV] (4=0,+1) are in agreement with the
experimental data.
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Quantitative Structure -Activity Relationship (QSAR) models are enormously significant to understand the correlation of
chemical structure with the biological activity and toxicity of chemicals. In the ongoing study reveals the prediction power
of toxicity of 45 nitrobenzenes (NBs) entailing some conceptual density functional theory based reactivity descriptors
namely electrophilicity index (o), lowest unoccupied molecular orbital (g,,,) and molecular compressibility (B) along with
the hydrophobicity index (logP). Multilinear Regression (MLR) method is adopted to develop the QSAR model. Stability of
the present QSAR model is confirmed through the cross validation method and is potentially describe the 85% of the

variance of the experimental toxicity.

Keywords: CDFT, Nitobenzenes, QSAR, Regression, Toxicity

The quantitative structure-activity relationship (QSAR)
analysis is accompanied to derive empirical models that
relate the activity of chemical compounds to their
structure’. The basic assumption is that the chemical
structure of a compound implicit determines its actions
towards biological systems. The most essential scientific
principle of developing a QSAR model includes:
understanding the mechanism of interaction between
compounds and biological system. The attainment of
information about a dose range for the biological effect
of a chemical compound can be useful in the
experimental drug design and toxicity research, and also
calculation of the activity of new chemical compounds.
Further, QSAR modes is popular for saving both time
and experimental resources for synthesizing and
biological experiment of a great number of compounds
and offer possibility of reduction of living thing use in
research and toxicity testing. Various statistical methods
namely regression analysis, partial least squares,
classification trees, and neural networks” are used widely
in developing QSAR.

Toxicity prediction is crucial subject of concern and a
lot of studies have been done to elucidate its effects with
the help of various quantum chemical atomic and
molecular descriptors®. Toxicity arises as a consequence
of stereochemical electronic interaction amongst the
reactive site and toxicant. Toxicity being a basic
observable fact requires understanding of its origin so as
to be concermned of its effects. In vivo and in vitro

methods are followed simultaneously or separately for
the prediction of toxicity. In vitro methodology is mostly
preferred over the other due to its less time consuming
and its economical property. QSAR (quantitative
structure-activity relationship) and QSPR (quantitative
structure-property  relationship) are two major
methodologies for correlating biological activity with
physicochemical  properties  through  descriptors
characteristic of molecular structure and /or properties*™.
QSAR/QSPR domain is being dominated by Density
Functional Theory (DFT) in the recent years. Several
Conceptual Density Functional Theory (CDFT)- based
descriptors have been invoked widely to study the
reactive site, to model biological properties, and in
addition to predict experimental behaviours’*,

Acute toxicity in the domain of QSAR study have
been reported in a large number in the literature'”. Many
authors'®® have introduced quantitative relationship
between toxicity and hydrophobicity, wherein the
hydrophobicities are measured by octanol-water
partition coefficient (logP. values) or octanol-water
distribution coefficient (logD, values) as descriptors.

Response-surface approach has been widely
invoked for the development of mechanistically
comprehensible QSAR modes for toxicity. The
central idea of this approach is that the toxic action
depends on the biouptake and bioavailability as well
as on the electrophilic reactivity of the toxicant at an
active site. log P, or logD, have been introduced as



468 INDIAN J. CHEM. TECHNOL., JULY 2021

a descriptor for encoding biouptake and bioavailability
and energy of lowest unoccupied molecular orbital
(ELumo) as descriptor for encoding the electrophilc
reactivity. This scientific knowledge has been applied
to different species, including the bacterium Vibrio
fischei®', the protozoan Tetrahymena pyriformis™?,
the yeast Saccharomyces cerevisiae’, the mould
Aspergillus nidulans®, the algae Scenedesmus obliquus™
and Chlorella vulgais™, the plant Cucumis sativus™ >,
and mice®.

To improve the statistical fit of the model, additional
indicator variables and other parameters have been
added with the response surface approach”~’.

It is well established that toxicity is a outcome of
electronic interaction among the atom/ molecules of
the reactive site and the toxicant. In present study,
CDFT based descriptor, that is Compressibility is
used in addition to the other descriptors as
compressibility plays a vital role in understanding
various interactions including toxic interactions®' as
like as molecular polarizability which is a promising
descriptor to study chemicl -biological interactions™.

The expression of chemical toxicity is a
combination of penetration into, or through, biological
membranes and the interaction of the toxicant
with the site of action. This principle is modeled
mathematically as the following standard QSAR™.

log (toxicity)'=A (log of penetration) +B (log of
interaction)

Penetration to the site of action is generally
represented by hydrophobicity, most often quantified
by the 1-octanol/water partition coefficient (log P)*.
Interaction of the chemical with the active site is more
complicated and describes electronic and /or steric
properties.

The purpose of the present work is to study the
predictive potential of compressibility for modeling
the toxicity of NBs on Tetrahymena pyriformis along
withthe other well-known CDFT-based reactivity
descriptors like electrophilicity index (o), energy of
lowest unoccupied molecular orbital (g ymo) to
examine the structure activity relationship for 45 NBs.

Theoretical Background

There is a paradigm shift in the realm of conceptual
chemistry due to the density functional underpinning
of Parr et al***’. The useful qualitative entities like
hardness, electronegativity and electrophilicity index
which were abstract semiotic representations are
now considered as theoretical quantities of cognitive

representations. According to DFT, given the electron
density function p(r) of a chemical system and the
ground state energy and everything can be determined.
The chemical potential, p of that system in
equilibrium has been defined as the derivative of the
energy functional E (p) with respect to the electron
density at fixed molecular geometry.

The chemical potential, p, is given by

== E(p)/3p ], (D)

where v is the external potential acting on an electron
due to the presence of nucleus.

The differential definition more appropriate to
atomic system is on the basis that for a system of N
electrons with ground state energy E [N,v],

w=y=[0E/6N1, )

The absolute hardness is defined® as
N=%[0WwWoN],=%[(*EaN")] ..03)

The ansatz for hardness is mathematically difficult
because the numerical method is required to be
invoked to solve it*’. However, Parr and Pearson®,
invoking finite difference approximation, suggested
an approximate formula for the evaluation of hardness
and electronegativity as

=% (I-A) (%)
=72 (I+A) ..(5)

where, | is the ionization energy and A is the
electron affinity of the chemical species.

Pearson*' proceeded further to evaluate ‘I’ and ‘A’
in terms of orbital energies of the highest occupied
molecular orbital, HOMO and the lowest unoccupied
molecular orbital, LUMO by connecting it with
Hartree - Fock SCF theory and invoking Koopmans’
theorem the hardness and electronegativity are
reformulated as

..(6)
(7

n= "2 (-esomo +€Lumo)
and y = -p=- " (gLumo + €nomo )
where I= —enomo, and A= — gLymo.
Parr et al** defined another global parameter, the
electrophilicity index (®), as a measure of the
decrease in energy due to the maximal transfer of
electrons from a donor to an acceptor system and is
given as
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o =W/ (2n) ---(8)

Atomic compressibility’' is defined (B) as a property
of electronic distribution. Thus, the study has been carried
out with the concept that very selected compound
display toxicity due to modification in its volume or size
(compressibility) due to electrophilic (nucleophilic)
attack. Higher compressibility signifies increased
attractive interactions between atoms and molecules
consequently pulling the atoms and molecules together.
In, general, an increase in compressibility increases
closeness of electrons in an atom/ molecule, perhaps
contributing in exhibiting atomic/ molecular character
more significantly, for instance, toxic behavior.

On extending this concept to molecular systems,
Scientist defined group compressibility (GB) as a
summation of compressibility of each atom present in
a molecule®. Atomic compressibility (B) is represented
mathematically®' as

B=(12n’ey/e’)r’/o ...(9)

where e is the unit charge of an electron, r is the
absolute radius of an atom, ® is the electropilicity
index of the atom and g, is the vacuum permittivity
and group compressibility (GP) as represented as

GB =2Bi ...(10)
where B; signify the atomic compressibility of the
i" atom in a molecule with N atoms.

Method of computation

A total of 45 Nitro-benzenes with other substituents
have studied in the present work. The outline of the
structure is shown in Fig. 1.

The experimental toxicity data log (1/IGCs) of the
45 NBs is listed in the table*

Computational study is performed within DFT
(Density Functional Theory) framework and descriptors
have been calculated using conceptual density functional
theory. All the modeling and structural optimization
of compounds have been performed using Gaussian
09 software package®. For optimization purpose,
B3LYP with basis set 6-31G(d) has been adopted.

Atomic compressibility value for each atom taken
from reference’’, to compute the molecular
compressibility with the help of equation (10).

The value for the hydrophobicity term i.e logP
(logarithum of octanol/water partition coefficient) is
taken from reference.

Structural -toxicity models are developed using the
multilinear regression using the statistical software

Figure 1 — Outline of the structure of nitrobenzenes (NBs)

Minitab”. log(I/IGCs) values are used as the dependent
variable and logP, €,m,, ® and P, as the independent
variables. Goodness-of-fit for the proposed model is
accomplished by assessing the coefficient of
determination (R?), R*-adjusted, the standard error (S)
and the number of sample size is also noted. The
robustness of the model illustrates the stability of its
parameters by performing validation of the model
using leave-1/3-of set-out validation.

Results and Discussion

Several linear QSAR models involving one, two,
three and four descriptors are established and
strongest multi-linear correlations are identified by
regression analysis of the Minitab program®.

Four -parameter QSAR models:

log(IGCs)) = - 3.11 + 0.318 log P + 0.0661 p + 3.31
® - 23.4 €umo (1)

N= 45 S = 0.268781 R-Sq = 85.1% R-Sq(adj) =
83.6%

The calculated quantum chemical descriptors, namely
electrophilicity index (o), eLumo, compressibility ()
and the estimated partition co-efficient logP are given
in Table 1

A significant improvement of the quality of QSAR
model is obtained with a combination of the four
parameters, namely partition coefficient logP,
electrophilicity index(w), LUMO energy (€umo) and
compressibility (B). Figure 2 shows the linear correlation
between the observed and predicted toxicity values
obtained using the four parameter QSAR model.
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Table 1 — Descriptor values and predicted toxicity of nitrobenzene derivatives by Eq.11

S. No Compound g umo(au) o (au) B(au)  logP Observed Predicted Residual
toxicity toxicity
log(IGC9)
1 2,6-Dimethylnitrobenzene -0.08672  0.173449 2995 2.87 0.3 0.603992949  0.303993
2 2,3-Dimethylnitrobenzene -0.07445  0.150546  2.995  2.87 0.56 0.241068108 -0.31893
3 2-Methyl-3-chloronitrobenzene -0.08719  0.174427  2.571 3.1 0.68 0.663342446 -0.01666
4 2-Methylnitrobenzene -0.07747  0.156527 2.235 2.41 0.05 0.135016984 0.085017
5 2-Chloronitrobenzene -0.08694  0.173913  2.081 2.34 0.68 0.38172225 -0.29828
6 2-Methyl-5-chloronitrobenzene -0.08827 0.17654 2.571 3.1 0.82 0.695609106 -0.12439
7 2,4,5-Trichloronitrobenzene -0.10982  0.224193 2.081 3.49 1.53 1.449239404 -0.08076
8 2,5-Dichloronitrobenzene -0.10356  0.209766  2.147 295 1.13 1.08764776 -0.04235
9 6-Chloro-1,3-dinitrobenzene -0.11718  0.242234  1.816  2.06 1.98 1.208925518 -0.77107
10  Nitrobenzene -0.08179 0.16491 2.015 1.95 0.14 0.103029698 -0.03697
11 3-Methylnitrobenzene -0.08651 0.173102 2.235 2.41 0.05 0.401413805 0.351414
12 1,3-Dinitrobenzene -0.11382  0.229118 1.75 1.62 0.89 0.942604161 0.052604
13 3,4-Dichloronitrobenzene -0.10659  0.215379  2.147  3.16 1.16 1.243908203  0.083908
14 4-Methylnitrobenzene -0.08381 0.168142 2.235 2.41 0.17 0.321817331 0.151817
15 1,4-Dinitrobenzene -0.12698 0.26173 1.75 1.37 1.3 1.278991766 -0.02101
16  4-Chloronitrobenzene -0.09816  0.196654  2.081 2.6 0.43 0.8022227 0.372223
17 2,3,5,6-Tetrachloronitrobenzene -0.11334  0.236069  2.454  3.73 1.82 1.671893361 -0.14811
18 6-Methyl-1,3-dinitrobenzene -0.10724  0.215088 2.24 2.08 0.87 0.920862213 0.050862
19 3-Chloronitrobenzene -0.0998  0.200436  2.081 2.64 0.73 0.86583791 0.135838
20 1,2-Dinitrobenzene -0.10647  0.373047 1.75 1.84 1.25 1.316979587 0.06698
21 2-Bromonitrobenzene -0.09387  0.190466 1.065 2.52 0.75 0.588756769 -0.16124
22 3-Bromonitrobenzene -0.09913  0.199511 1.065 2.52 1.03 0.741781541 -0.28822
23 4-Bromonitrobenzene -0.09789  0.196454  1.065  2.55 0.38 0.712183948  0.332184
24 2,4,6-Trimethylnitrobenzene -0.08191  0.163948  2.605  3.33 0.86 0.580491684 -0.27951
25 5-Methyl-1,2-dinitrobenzene -0.10223 0.348662 2.24 2.3 1.52 1.31571646 -0.20428
26  2,4-Dichloronitrobenzene -0.10169  0.205448  2.147 3 0.99 1.045496163  0.055496
27  3,5-Dichloronitrobenzene -0.10949  0.222328  2.147  3.34 1.13 1.392008534  0.262009
28 2,3,4,5-Tetrachloronitrobenzene -0.11568  0.239098 2.279 3.94 1.78 1.791887824 0.011888
29  2,3-Dichloronitrobenzene -0.10202  0.206657  2.147 2.9 1.07 1.025420726 -0.04458
30  2,5-Dibromonitrobenzene -0.10324  0.212776  3.475  3.12 1.37 1.231961958 -0.13804
31 1,2-Dichloro-4,5 -dinitrobenzene ~ -0.12284  0.477847  1.882 32 2.21 2.488128523  0.278129
32 3-Methyl-4-bromonitrobenzene -0.09478  0.189942 1.555 3.01 1.16 0.796525166 -0.36347
33 2,3,4-Trichloronitrobenzene -0.10822  0.220949  2.081 3.44 1.51 1.385163842 -0.12484
34 2,4,6-Trichloro-1,3-dinitrobenzene -0.12309  0.269736  1.948  3.41 1.43 1.876273533  0.446274
35 4,6-Dichloro-1,2-dinitrobenzene -0.12206 0.4749 1.882 3.08 2.42 2.421962518 0.001963
36  3,5-Dinitrobenzylalcohol -0.11037  0.222851  2.203  0.43 0.53 0.492654222 -0.03735
37  3,4-Dinitrobenzylalcohol -0.1032  0.354222 2203  0.65 1.09 0.829672482 -0.26033
2,3,5,6-Tetrachloro-1,4-
38 dinitrobenzene -0.14066  0.322619 2.454 2.92 2.74 2.340082588 -0.39992
39  4-Fluoronitrobenzene -0.08513  0.171119  1.697 1.8 0.25 0.133018411 -0.11698
40  4-Fluoro-2-nitrotoluene -0.086 0.172036  1.897  2.26 0.25 0.315909965 0.06591
41 1-Fluoro-2-nitrobenzene -0.08431  0.169296  1.737 1.69 0.23 0.075459884 -0.15454
42 1-Fluoro-3-nitrobenzene -0.09023 0.180471 1.737 1.9 0.2 0.317758254 0.117758
43 4-Nitrobenzaldehyde -0.10872  0.220357  2.248 1.56 0.2 0.808101368  0.608101
44  3-Nitrobenzaldehyde -0.0966  0.193354  2.248 1.75 0.14 0.495534978  0.355535
45 3-Nitroacetophenon -0.09211 0.184343 2.468 1.49 0.32 0.292505258 -0.02749
Cross-validation data points were divided three subsets namely A, B

In order to check the reliability and stability of the  and C. In each of three combinations, two of the
QSAR.mo.del (E_(l- 1.1), the 1eav§ -1/3-of -set -out  subset were combined into one and the correlation
validation is applied in the following way: the parent  equation was determined with the same descriptors.
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Table 2 — Cross-validation of the best QSAR model
Training Set N R? Rzadj Test Set N RZ(Pred) Rzadj(Pred)
A+B 31 0.88 0.86 C 14 0.76 0.73
A+C 30 0.81 0.78 B 15 0.89 0.88
B+C 29 0.88 0.85 A 16 0.84 0.82
Average 0.86 0.83 0.83 0.81
3 R*=0.851 6  Mikolajczyk A, Sizochenko N, Mulkiewicz E, Malankowska
& 25 A & Nischk M, Beilstein J Nanotechnol, 8 (2017) 2171.
E 3 7  Mikolajezyk A, Gajewicz A, Mulkiewicz E, Rasulev B,
= Marchelek M, Diak M, Hirano S, Zaleska-Medynska A &
T s Puzyn T, Environ Sci Nano, 5 (2018) 1150.
E 1 8  Mikolajczyk A, Sizochenko N, Mulkiewicz E, Malankowska
;E ik A, Rasulev B & Puzyn T, Nanoscale, 11 (2019) 1808.
I 9  Shalini A, Tandon H & Chakraborty T, J Bioegiv Availab,
. 0 .-'..0.,5 1 15 2 25 3 9 (2017) 518.
10 Singh P P, Srivastava H K & Pasha F A, Biorg Med Chem,
Figure 2 — Predicted vs observed toxicity using Eq.11 12 (2004)171.
11 Pasha F A, Srivastava H K & Singh P P, Biorg Med Chem,
The obtained equation was used to predict data for the 13 (2005) 6823.
remaining subset. It turns out that the predicted R* 12 gr;ivaStT(% (I;olég)iass’}/la F A & Singh P P, Int J Quantum
. em, .
values using subsets (A+B)’ (B+C) and (C+A? .are 13 Chakraborty T & Ghosh D C, Correlation of drug activities of
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data are unavailable. 21559EN, Joint Research Centre, Ispra, Italy, (2005).
16 Kapur S, Shusterman A , Verma R P, Hansch C & Selassie C D,
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Conclusion . . 17 Bundy J G , Jorriss A W, Durham D G, Campbell C D &
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, lumo olecul p y = Cronin M T D, OSAR Comb Sci, 22 (2003) 204.
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1. Introduction, Definitions and Notations

Fundamental theorem of algebra only gives information about the number of
zeros of a polynomial but not location of the zeros. All zeros of a quadratic poly-
nomial can be derived algebraically for all possible values of its coefficients. But,
difficulty arises when degree of polynomial increases. So, it is desirable to know a
region where the zeros of a polynomial lie.

Problem of finding a region containing all the zeros of a polynomial has a rich
old history {cf.[7]}. In 1829, Cauchy {cf.[7]} develop the following classical result:



5/28/24, 1:15 PM

L Top links
A Back to rsmams.org ¢ Feedback M Contact Us

»

S.No

South East Asian Journal of Mathematics

and Mathematical Sciences
PRINT ISSN : 0972-7752

ONLINE ISSN :2582-0850

South East Asian Journal of Mathematics and Mathematical Sciences >

Title of The Article

CRYPTANALYSIS OF RSA-LIKE
CRYPTOSYSTEM WITH MODULUS $N=pq$
AND $ed \equiv 1 (\bmod ~(p”*2+p+1)
(q*2+q+1))$

CRYPTOGRAPHIC ALGORITHMS USING
FINITE STATE MACHINE, BERNOULLI AND
LUCAS NUMBERS

SPACE OF INVARIANT BILINEAR FORMS
UNDER A REPRESENTATION OF $SL_2(3)$

SIMPLE EFFICIENT BOUNDS FOR ARCSINE
AND ARCTANGENT FUNCTIONS

HANKEL DETERMINANT OF GENERALISED
CLASSES OF STARLIKE FUNCTIONS WITH
RESPECT TO $m$-FOLD SYMMETRIC POINTS

NEW GENERALIZED SUBCLASSES OF BI-
UNIVALENT FUNCTIONS ASSOCIATED WITH
FRACTIONAL DIFFERENTIAL OPERATOR

MAPPING PROPERTIES OF
HYPERGEOMETRIC TRANSFORMS ON
CERTAIN CLASS OF ANALYTIC FUNCTIONS

ON RADIUS PROBLEMS FOR SOME
SUBCLASSES OF ANALYTIC UNIVALENT
FUNCTIONS

ON CAUCHY'S BOUND FOR ZEROS OF
TRANSCENDENTAL ENTIRE FUNCTIONS

Authors

L. Jyotsna
L. Praveen
Kumar

Rachna
Navalakhe
Harsha Atre

Dilchand Mahto
Jagmohan Tanti

Ramkrishna M.
Dhaigude
Yogesh J. Bagul

R. Reena Roy
Thomas Rosy

Uday H. Naik
Raisa M. Shaikh

Virendra
Upadhayay

K. K. Dixit
Ankit Dixit
Saurabh Porwal

U. Vadivelan
S. Sunil Varma
Thomas Rosy

Sanjib Kumar
Datta

https://rsmams.org/journals/articleslist.php?volume=17&issue=3&tag=seajmams&part=0

List of All Articles

Published
In

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Pages

17-28

29-44

45-62

63-72

73-82

83-
100

101-
108

109-
118

South East Asian Journal of Mathematics and Mathematical Sciences - Ramanujan Soceity of Mathematics and Mathematical...

1/4



5/28/24, 1:15 PM

10

11

12

13

14

15

16

17

18

19

20

21

22

CERTAIN PROPERTIES OF JACOBI'S THETA
FUNCTIONS

RELATIONS ON CONTINUITIES AND
BOUNDEDNESS IN INTUITIONISTIC FUZZY
PSEUDO NORMED LINEAR SPACES

STRONG COUPLED FIXED POINTS OF
$\alpha$-ADMISSIBLE REICH TYPE COUPLED
MAPPINGS IN $S$-METRIC SPACES

SOME NEW RESULTS ON F-CONTRACTIONS
IN RECTANGULAR b-METRIC SPACES WITH
AN APPLICATION

COUPLED FIXED POINT THEOREMS OF
WEAKLY $C$-CONTRACTION WITH MIXED
MONOTONE PROPERTY IN ORDERED
MODULAR METRIC SPACES

A COMMON FIXED POINT THEOREM FOR
COMPATIBLE MAPS IN COMPLEX VALUED
METRIC SPACES

FIXED POINT THEOREM IN $M$ COMPLETE
NON-ARCHIMEDEAN FUZZY-METRIC-LIKE
SPACES

NEW OPERATOR VIA STRONG FORM OF
NANO OPEN SETS

EXISTENCE AND UNIQUENESS OF NEW FIXED
POINTS OF $(\psi,\phi)$ CONTRACTIONS IN
RECTANGULAR METRIC SPACES

SOME MORE PROPERTIES OF
(1,2)$S_{\beta}$-OPEN SETS IN
BITOPOLOGICAL SPACES

$\lambda*{\alpha}_{g}$-CLOSED AND
$\lambda*{\alpha}_{g}$-OPEN MAPS IN
TOPOLOGICAL SPACES

APPLICATIONS OF $\hat{g}*{\ast\ast}$s-
CLOSED SETS IN TOPOLOGICAL SPACES

ADRIATIC INDICES OF SOME DERIVED
GRAPHS OF TRIGLYCERIDE

Tanchar Molla

Satya Prakash
Singh

Ravindra Kumar
Yadav

Vijay Yadav

Bivas Dinda
Santanu Kumar
Ghosh

T. K. Samanta

G. V. R. Babu
P. Durga Sailaja
G. Srichandana

Mittal K. Patel
Jaita Sharma
Gunamani M.
Deheri

Shishir Jain
Yogita Sharma

Sanjay Kumar
Tiwari

Himanshu Kumar
Pandey

Sarika Saxena
Abha Tenguria

V. Sutha Devi
M. Lellis Thivagar
S. Vaitheeswari

Jayesh Tiwari
Dileep Kumar
Sharma

V. Subprabha
N. Durga Devi

S. Subhalakshmi
N. Balamani

Anto M
Andrin Shahila S

V. Lokesha
M. Manjunath
T. Deepika

https://rsmams.org/journals/articleslist.php?volume=17&issue=3&tag=seajmams&part=0

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

119-
130

131-
146

147-
172

173-
188

189-
208

209-
214

215-
224

225-
240

241-
252

253-
260

261-
276

277-
284

285-
298

South East Asian Journal of Mathematics and Mathematical Sciences - Ramanujan Soceity of Mathematics and Mathematical...

2/4



5/28/24, 1:15 PM

23

24

25

26

27

28

29

30

31

32

33

34

$ss$-EXCELLENCE IN GRAPHS

ON THE $M$-POLYNOMIAL AND SOME
TOPOLOGICAL INDICES OF THE PARA-LINE
GRAPHS OF THE NANOSTRUCTURE
$TUC_4C_8(R)$

ON CORRELATION OF PHYSICOCHEMICAL
PROPERTIES AND THE HYPER ZAGREB
INDEX FOR SOME MOLECULAR STRUCTURES

EDGE-ODD GRACEFUL LABELING OF
JAHANGIR GRAPH

VERTEX - EDGE DOMINATING COLORING OF
GRAPHS

SIGMA COLORING AND GRAPH OPERATIONS

CORDIAL LABELING FOR NEW CLASS OF
GRAPHS

FUZZY MATROIDS FROM FUZZY VECTOR
SPACES

AN INVESTIGATION ON VERTICAL POROUS
PLATE IN A CONDUCTING FLUID WITH
MULTIPLE BOUNDARY LAYER FLOW OF
CASSON FLUID

G-ATTRACTOR AND G-EXPANSIVITY OF THE
G-UNIFORM LIMIT OF A SEQUENCE OF
DYNAMICAL SYSTEMS

HALL CURRENT EFFECT ON DOUBLE
DIFFUSIVE CONVECTION OF COUPLE-
STRESS FERROMAGNETIC FLUID IN THE
PRESENCE OF VARYING GRAVITATIONAL
FIELD AND HORIZONTAL MAGNETIC FIELD
THROUGH A POROUS MEDIA

A METHOD FOR SOLVING ASSIGNMENT
PROBLEM USING RANKING OF CENTROID OF
CENTROIDS IN TRAPEZOIDAL INTUITIONISTIC
FUZZY NUMBER

A. S. Cevik
I. N. Cangul

V. Praba
V. Swaminathan

Narahari N.
Swamy
Chandan K. G.
B.
Sooryanarayana

Keerthi G.
Mirajkar
Bhagyashri R.
Doddamani
Huchesh H. B.

J. Jeba Jesintha
C. Yogalakshmi

R. Madhiyalagan
A. Wilson Baskar

J. Suresh Kumar
Preethi K. Pillai

J Jeba Jesintha
K Subashini

P Cathrine Silvya
Jabarani

Shabna O. K.
Sameena K.

L. Rama Mohan
Reddy

P. V. Sanjeeva
Kumar

K. Suguna Rao
K. S. N. Siddartha
Goutham

Phinao
Ramwungzan
Khundrakpam
Binod Mangang

Sudhir Kumar
Pundir

Pulkit Kumar
Nadian
Rimple Pundir

K. Dhilipkumar
C. Praveenkumar

https://rsmams.org/journals/articleslist.php?volume=17&issue=3&tag=seajmams&part=0

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17

Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

Volume 17
Issue 3

299-
312

313-
330

331-
346

347-
354

355-
362

363-
372

373-
380

381-
390

391-
402

403-
414

415-
438

439-
446

South East Asian Journal of Mathematics and Mathematical Sciences - Ramanujan Soceity of Mathematics and Mathematical...

3/4



5/28/24, 1:15 PM South East Asian Journal of Mathematics and Mathematical Sciences - Ramanujan Soceity of Mathematics and Mathematical...

QUASI-SYMMETRIC DESIGNS WITH K

35  NUMBERS OF INTERSECTION AS Smita Jain Volume 17| 447-
Shakti Banerjee Issue 3 456
UNREDUCED DESIGNS
A MATHEMATICAL MODEL FOR ESTIMATING
THE RELATIONSHIP BETWEEN PROLACTIN . Gavatir volume 17 | 457
36  AND GROWTH HORMONES IN THE BLOOD OF . _avamn olume ;
M. Chandra Malar Issue 3 468
THE MILKING GOAT TO MAXIMUM
LIKELIHOOD
BULK ARRIVAL QUEUEING SYSTEM WITH Shejal Gupta volume 17 | 469
37 STAND BY SERVER AND MULTIPLE VACATION  Pradeep K. Joshi 'O "© )
. ) Issue 3 478
QUEUEING SYSTEM K. N. Rajeshwari

Brochure of National Conference on “Mathematics and its Application for the Advancement of Computer Science
and Technology

Published issue of the South East Asian Journal of Mathematics and Mathematical Sciences, Vol. 19, No.2, August
2023

Submission method of article through new website of journal

National Council for Science & Technology Communication (RASHTRIYA VIGYAN EVAM PRODYOGIKI SANCHAR
PARISHAD) Department of Science and Technology sponsored workshop during November 15-19, 2023

Copyright 2014 Powered by Ramanujan Society of Mathematics and Mathematical Sciences. All Rights Reserved.
Design By : Hyper Net Solutions

Total View : =.Visitor Counter

https://rsmams.org/journals/articleslist.php?volume=17&issue=3&tag=seajmams&part=0

4/4



ISSN 2320-3447 L0 KOTHA




ITIKOTHA

An interdisciplinary Half Yearly Research Oriented Referred Journa| of
History in Bengali

ISSN 2320-3447 Itikotha (Print)
Vol. IX, No. 2, July 2021 AD

© Bangiya Itihas Samiti Kolkata

Website
www.bangiyaitihas.in
E-mail
bangiyaitihas@gmail.com

Price : 200/-

The publication of this journal has been financially supported
by the Indian Council of Historical Research.
The responsibility for the facts stated or opinions expressed
is entirely of the author and not of the ICHR.

IfoT

o7 R siceite SreRmrslerET Reme wonfie e e s
W T, St A, TR R0%s B

APl
TR 2S5 AR FTI01-7 #IT SRR SBIoAegTT T
FEAFS! 900 004 (AT &S
3-Tegrm
AT I
726, T@= 38 25

Tue
9 e
84, #beTore! 35, Tt 400 0oy

AT
T 2o A oot

€0 : 00 Bt



o
wfoun fres st srafdor]

ISSN 2320-3447 frikotha (Print)
Vol. IX. No. 2, July 2021 AD

s free s e A G

I

RAGTEY

e o weiferang Togmiaw faremaramd (5580-2035) 55
S5E! (I

[ o9

AeaTHa TS AFS-AeF g feum
cres AT

warEr faoid: «reard waigh 34
BRI

Ed

wifs @fezfe «d agsea oz @ 2fozgmera «iEt ©9
RFEE S

AT AN € wfFA—vgd WOF (ATF Wi o F ve
%3 HIbIe

=efge P s
é_ﬁﬁuﬁﬁeWﬁtﬂﬁ?ﬂﬁwﬁﬁﬁmmm v34
w2 AM AR

> 5

wETe FREHS EeYAn B STweeTa Sifed

. HOU-ID8
. i ( q) y8¢
m, AGHiTe, 9fe ¢ Amfeas qrwem: Zfagaeiiel, yan N
A fe e Aifee ¢ amenie o

oo Zfeest! ¢ Gampd
e )Y



oo, >, RYT R, G 2035 8. (ISSN 2320-3447 liikotha) o, yue-sis
WW.bangiyaitihas.in

AN, A, AfE @ Ml sicwE:
SfA5IAT, Sov

Sefq (R
(2N@: 0> GEZ 2030 R, 93C: 3 FFAF 035 R)

RS YW (TR ZRZAAE 03 Sod) fATTHI 3 e
G TS ‘2w Sl F056 T (Civil Disobedience Programme)
@ IR [T fere Aroew A - e WeEe T W6 | 62
TP kel RS o W I2F (Sov8-S553) T beTl SNSRI
IrfFelel W ePIEE SREE Rta ZAE AEIm oS o
‘Ffes Wewes (Social Movement)-49 (¥ sffm g famree
SRETITR) OB AT R Wo i | @ Sifess STwes @i o=
frore? e, Sfte @7 W fed frfe 2Rzweren e
A ceiffee, Aremited g | T, GRS W AN
Safoq s SaEel - WA (Emotion) R W
AT BB | G SREFOCS TREIAT AGLAOL 2SR SR
M4 SIS Q] IS, ATT, SR TGP, OITF e FATE SHIAAICE
ﬁmmwmmﬁwﬂm%mmmﬂ
SRR ST | R @2 Rt ‘i NRCSEfe® (Human
Subjectivity), I ATAITS I HAEE AT fafon wraefd A
fBe1?’ @=2 ‘Frema 2fvzm 62 [eE orda ST (Sab8-383%) CTefd
Rt 2 T fae ¢ (12 T TG Jrw (T (5! I TR AN

T P m————— o Lo ko U

€-mail; arnav121206@@gmail.com



ISSN 2249-3751

HifRey, e @ FeFfe s et siraac #fas!

ANTARMURH

Bilingual Research Journal Subjective to Literature, Society and Culture

WVolt £ 11 Issue : 1 Quarterly Jou

Aifzer ¢ MErelrre aw-*za (21 29)

Village and City in view of literature and society (Part-2)



OISRl

Hifews, wiwe Aegfe s Fetfis gt offas
ANTARMUKH

Bilingual Research Journal Subjective to Literature, Society and Culture
(A Peer Reviewed Journal)

Vol-11 Issue-1 Quarterly  July-September 2021

[ “Published with financial assistance from the Central Institute of
Indian Language (Dept. of Higher Education, Ministry of Human
Resource Development, Government of India) Manasagangotri,
Mysore 570 006 vide sanction letter F. No. 53-2(7)/2014-15/BEN/LM/
GRNT dated 5™ Decenber 2016 under the Little Magazine scheme
of Grant-in-aid”. ]

Ay @ MG aAfFEre A 8 Wgg (7 21F)

Villege and City in view of literature and society (2nd Part)

Editor
Sampa Samanta Bag

SRl

VIS (AT, S, A



e

OSSR A0 A G#lE - (MPH9A, s03y

oot 2 il

HRIN / ¢
ST T AW e W Sl —giast af / 4
O SR ST SoARIICH &el SPTersiiel e — A" i 21wt / o5

I N7 € O NS Qe -BFT SITeN 8 WEHIT (A
a3 SNTEHN—TTS SHIvI / R4

Siaasw e RO AN 8 @w—fAms g / ov
SANEHE IO AT A Fa—Re 7wize / 84
SRS 5E SANIA SEeiita ANERE (Fifow)—Ber= sritiEt / cv

SfoETEE AT SLHE &) SR FRAPEHIN— e are / vy

The Giant Shadow of Modernity : Volatile Urban Dreams and the Village
in Bibhutibhusan’s Adarsha Hindu Hotel—Sourav Nag / 45

29% W23 Fadrel : AEHaY Ntaw Fibe @bt *izg ol @ sEapa
SREAI—ISA AW / by

Social Life of Nagaraka (a cultured citizen) as gleaned from Vatsyayana’s Kamasutra
—Rajesh Biswas / 555

Rural Development, Forest Management, and Violence: The

Case of Jitpur Forest in the District of Murshidabad, West
Bengal—Arnav Debnath / 30



Rural Development, Forest Management, and
Violence : The Case of Jitpur Forest in the
District of Murshidabad, West Bengal

Arnav Debnath

Abstract : A forest can be a useful means of rural development.
It requires administrative planning and state support to work hand
in hand with management of the resources of forest in bringing on
well-being to the local rural people and their participation in the
programme. But absence of such conditions may end up in misuse
of the same : it is detrimental both to the forest and people living
nearby villages to it because it is then no longer able to provide
collective benefits, or even worse, may usher in violence intermixed
with local political interest. The Jitpur forest in the Domkal block
of the Murshidabad district (West Bengal) epitomizes the case. This
article. therefore, tries to find out the reasons operating behind such
scenario within the context of democratic society with reference to
the forest concerned.

Key words: Rural development, Forest Management, Jitpur
forest, Violence, Political Society.

1. Introduction

A forest is not a mere collection of trees, shrubs and bushes rather
a forest is an ‘ecological space’ where the flora and fauna inhabit,
grow, and procreate in their natural courses. The forest, again, 18
an organic entity, an end-in-itself which has been an inseparable part
of the human existence, civilization, and culture. It also hexes a
kind of resistance against the booming industrialization and the so-
called urbanization, against the grey sheds of mundane life. A forest
which is situated in the rural area may be a source, a means: of
patural resources and socio-political tussle as well that sometimes
Jeads to violence. It seems, however, paradoxical, An observer notes
on the one hand “Life in a forest village is wondering™,! and on
the other hand, “beautiful forests were being robbed daily to meet
the demand...by an unholy nexus among a section of forest officials,

Antarmukh ; Vol.-11 Issue-1 July-September, 2021
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Using molecular docking and other studies, 20 compounds extracted from Monochoria hastata (L.) Solms
were screened, and their inhibitory efficiency examined against main protease (3CLpro) of SARS CoV-2.
All the compounds were found to binding with 3CLpro through van der Waals and electrostatic forces of
attractions. Among them, Azelaic dihydrazide (ADZ) was found to have the highest docking score. 3CLpro-
ADZ complex was studied by MD simulation. ADZ was found to disrupt the structure of 3CLpro after 2 ns.
RMSD and RMSF analysis along with sequence and binding energy analysis suggest that ADZ can be a
potential drug against SARS CoV-2.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

The devastating effect of novel coronavirus disease, COVID-19,
progressively affects global health and economy. Such an emer-
gency throws a challenge to the entire scientific community to
work together and come up with an effective antidote against this
deadly virus (SARS-CoV-2). Numerous attempts have been made to
find useful drugs or vaccines to combat this virus [1-4]. But till
date, no specific drug has been found. Drugs like chloroquine, hy-
droxychloroquine, favipiravir, remdesivir, azithromycine etc [5-9].,
extracts from different plants [10-12], normally used in other dis-
eases, are under clinical trial against this virus, but they are being
used with caution.

Coronavirus was first found in 1960 [13]. It returned in new
avatars in 2002 and 2012 to haunt us [14-17]. However, the novel
coronavirus viz. SARS-CoV-2 or COVID-19 has created a pandemic
because of its higher transmission rate (Ry) compared to previ-
ous cases. The SARS-CoV-2 belongs to the B-coronavirus group,

* Corresponding author.
E-mail addresses: nabajyotibaildya@gmail.com (N. Baildya), asoke@klyuniv.ac.in
(A.P. Chattopadhyay).

https://doi.org/10.1016/j.molstruc.2022.132644
0022-2860/© 2022 Elsevier B.V. All rights reserved.

and its genome is quite similar to that of previous SARS-CoV. Al-
though exact origin of this virus is not clear [18], it is trans-
mitted rapidly among human beings by community transmission
[19]. The outer surface of this virus contains spike glycoprotein,
an enveloped membrane and nucleocapsid protein containing a
positive sense single strand of RNA. It mainly binds with human
angiotensin-converting enzyme-2 (ACE-2) receptors using its spike
glycoprotein. Along with spike proteins it contains the cellular ser-
ine protease TMPRSS2, cysteine protease, main protease (3CLpro),
papain-like protease (PLpro) and different non-structural proteins
(nsp) which are basically used for its replication. Therefore, drugs
that effectively block one or more of these proteins or the ACE-2
enzyme involved in binding to host cell or those active in replica-
tion process are much focused [20-22].

From ancient times, herbs have been used as effective medici-
nal resource. There are approximately 25,000 plants in India which
are used in traditional and folk medicine [23]. An aquatic medici-
nal plant of India, Monochoria hastata (L.) Solms, belonging to the
family Pontederiaceae, is being used as remedy in Indian villages
for various disorders. The extracts obtained from its leaf show an-
tibacterial and anti-viral effects. It contains different types of alka-
loids, phenols, terpenoids, flavonoids, glycosides, monoacyl glycerol
etc. [24]. 20 different compounds were selected from extracts of
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this plant for in-silico screening against 3CLpro of SARS-CoV-2 by
docking and molecular dynamics simulation.

2. Methodology

2.1. Virtual screening of Monochoria hastata (L.) Solms extracts with
3CLpro

The crystal structure of 3CLpro of SARS-COV-2 (PDB ID: 6LU7)
was obtained from the Protein Data Bank. The sdf files of the drugs
were downloaded from PubChem (National Library of Medicine)
and were converted to pdb format to check ligand-protein bind-
ing interactions. UCSF Chimera [25] package was used to clean the
structure of 3CLpro. Autodock Vina [26] was used to investigate
docking between 3CLpro and the drug molecules and necessary
files were prepared by using Autodock Tools.

2.2. Molecular dynamics simulation studies of ADZ docked 3CLpro
complex

Azelaic dihydrazide (ADZ) was found to have the highest dock-
ing score with 3CLpro. The minimum energy docked configura-
tion of 3CLpro-ADZ complex was selected for molecular dynamics
(MD) simulation studies. GROMACS (version 5.1) [27] was used to
perform the MD simulation using CHARMM36-mar2019 force-field
[28] with TIP3P solvation model [29]. Ligand parameters and topol-
ogy files were generated with the help of CHARMM General Force
Field server. Periodic boundary conditions were applied to main-
tain a cubical box in which the 3CLpro-ADZ complex was at least
1 nm from the edges for successive imaging of the complex. To
maintain electroneutrality, four Na* ions were added to the sys-
tem. Energy minimization was carried out by the steepest descent
algorithm followed by conjugate gradient protocol, until the sys-
tem reached a minimum force of 10 kjmol~'nm~!. For equilibra-
tion of the system, isochoric-isothermal (NVT) ensemble was used

Journal of Molecular Structure 1257 (2022) 132644

at 300 K for 100 ps. The time step was set to 2 fs. This was fol-
lowed by equilibration in an isothermal-isobaric (NPT) ensemble
for 100 ps at 300 K. Modified Berendsen thermostat was used for
the NPT ensemble. Here also the time step was set to 2 fs. For
both the NVT and NPT equilibration, 1 nm cut-off was kept for van
der Waals and electrostatic interactions. For the calculation of long
range interactions, smooth particle mesh Ewald (PME) [30] method
was used. Finally, MD simulation was performed for 10 ns using
the equilibrated ensembles with the same cut off as used before.
A modified Berendsen thermostat and a Parinello-Rahman barostat
at 300 K temperature and 1 bar pressure were used. Snapshots of
the trajectory were taken after each nanosecond of simulation.

2.3. Analysis of MD simulations

The trjconv tool was used for analysis of structural trajec-
tories of the 3CLpro-ADZ complex during simulation. Drug, wa-
ter, counter ions and 3CLpro were re-centered within the cubi-
cal box using the same tool. Variation of root mean square devi-
ation (RMSD), root mean square fluctuations (RMSF), radius of gy-
ration (Rg) and solvent accessible surface area (SASA) were plotted
using xmgrace plotting tool. g mmpbsa tool [31,32] was used to
calculate average binding free energy, polar free energy (AGpqyr),
non-polar free energy (AGyon-polar). average MM-energy (AEyw),
van der Waals energy, SASA energy and electrostatic energy. The
change of binding energy with time was plotted using Origin 8.0.

3. Results and discussions

20 compounds, extracted from Monochoria hastata (L.) Solms,
were screened against SARS-CoV-2 main protease (3CLpro). Binding
affinity of these compounds was found to be in the range of —3.6
to —5.8 Kcal/mol as shown in Fig. 1. The highest binding affin-
ity of —5.8 Kcal/mol was observed for Azelaic dihydrazide (ADZ)
against 3CLpro. Previous studies showed that Azelaic Acid and its

F
3
‘eé‘
& o L
5 8 F o
) ™~ £
é? 5?-"‘-‘:. § :‘\:\"
s £§55 s s &8
=) o =~ '
§ &F 4 F wand
& ot & § 3 2 § ¥ & &
& & e w £ & F & F & F 8
S Fi ; & & =
.ée -é' vq“:r'-“",? g 5 4?&5."
F o ¥ §Fo&F N F Ry R
& & & s F §F F > 5 & > o D F
2 ad S F & & & oF D o - & F & L
9.\",? §F &F & & F ¥y F 5§ F & & F g
, & ; & £ & F
v FE gésegg §j§§f§§§§§é’
= & ¥
= ! o F & - ) > F S
sgré\ﬁg‘ié'snf’&?ggegs.geg_bﬁg&
- S F o q‘? .
-cw?wf*\‘rwdv«qui'?e?&“e?q" & GEF
0-
= -1
=
=l
£
= -2
-
-
2 -3
E
2 -4
-1
2
-
8 -5+
=2

Fig. 1. Binding affinity (Kcal/mol) of Monochoria hastata (L.) Solms extracts.
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Table 1
Toxicity parameters for 20 Monochoria hastata (L.) Solms compounds studied.
Compound AMES Max. hERG I hERG II Oral Rat Acute Oral Rat Chronic Hepato- Skin T.Pyriformis Minnow
toxicity tolerated dose  inhibitor inhibitor Toxicity (LD50) Toxicity (LOAEL) toxicity Sensiti- toxicity toxicity
(human) (mol/kg) (log mg/kg_bw/day) sation (log ug/L) (log mM)
1-Methyl —2-pyrrolidinone No 1.077 No No 2.153 1.255 No Yes -0.887 2.861
Azelaic dihydrazide No 0.907 No No 1.762 2.87 No Yes 0.143 2.839
4,5,6,7-Tetrahydro-1-benzothiophene-3- No 0.438 No No 2.049 1.882 No Yes 1.431 1.005
carbonitrile
Phytol No 0.05 No Yes 1.607 1.043 No Yes 1.884 -1.504
2(4H)-Benzofuranone, No 0.783 No No 1.94 2412 No No 0.037 2.224
5,6,7,7a-tetrahydro
2-Pentadecanone, 6,10,14-trimethyl No 0.244 No No 1.532 1.094 No Yes 2.14 -1.478
2H-Pyran-2-one, tetrahydro-6-octyl- No 0.276 No No 1.826 2.429 No Yes 1.491 0.216
1,2,3-Propanetriol, 1-acetate Yes 1.506 No No 1.708 2.789 No No -0.616 3.366
Z,E-3,13-Octadecadien-1-ol No -0.207 No Yes 1.578 1.106 No Yes 1.703 -1.156
Diethyl phthalate No 137 No No 2.09 2.648 No No 0.656 1.441
Phthalic acid, 6-ethyl-3-octyl isobutyl No 1.324 No No 1.712 242 No No 1.468 -1.526
Dodecanoic acid No -0.34 No No 1.511 2.89 No Yes 0.954 —-0.084
Tetradecanoic acid No —-0.559 No No 1.477 3.034 No Yes 0.978 —0.601
Methyl 9- methyltetradecanoate No 0.337 No No 1.653 2.832 No Yes 2.268 —-1.044
Pentadecanoic acid No —0.642 No No 1.458 3.107 No Yes 0.922 —0.842
Dodecanoic acid, 10-methyl-, methyl No 0.421 No No 1.697 2.679 No Yes 2.166 -0.558
ester
9-Hexadecenoic acid, methyl ester, (Z) No 0.125 No No 1.608 2.926 No Yes 2.005 -1.245
Tridecanoic acid, methyl ester No 0.301 No No 1.645 2.779 No Yes 2.191 -0.638
2-Hexyldecanoic acid No -0.574 No No 1.564 3.068 No Yes 0.457 -0.923
Oleic Acid No -0.81 No No 1.417 3.259 No Yes 0.676 1.438

pp9zel (2202) 2ST1 24m3onu3s up)nddjo Jo pu.nof
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hydrazide derivation have high binding affinity with DNA Polymer-
aze | (2KFN) due to enhance H-bonding showing its potential in-
hibitory activity against 2KFN [33]. This observation is in accor-
dance with our simulated results. It has been also reported that
Azalaic Acid showed potential anti-viral inhibitory activity [34]. To
analyze the stereochemistry of the drug-protein complex we have
plotted contour diagram of drug with neighbouring residue of the
3CLpro as shown in Table S2. van der Waal donor-acceptor iso-
surfaces of drug-protein complex clearly indicates electrostatic in-
teraction is exists between them while the 2D contour plot demon-
strates van der Waal and the number of H-bonding interaction be-
tween drug and protein.

To predict toxicity of these compounds, ADME toxicity analysis
was performed using pkCSM online server [35]. All the estimated
pharmacokinetic properties are listed in Table 1.

3.1. ADME toxicity prediction

Pharmacokinetic analysis reveals that the compounds have low
blood-brain barrier (BBB) permeability, with values ranging be-
tween —0.016 and 0.816. The drugs were found to have no effect
on CYP2C9, CYP2D6 and CYP3A4 inhibitors. Skin permeability val-
ues were found between —1.384 and —4.376 for the drugs. These

-5.0 Kcal/mol

4.5,6,7-Tetrahydro-1-benzothiophene-3-carbonitrile

i

A=

H5172
Hip164

N189

Phthalic acid, 6-ethyl-3-octyl isobutyl

-5.1 Kcal/mol

-5.0 Kcal/mol
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drugs also do not inhibit renal OCT2 substrate as shown Table S3
(in Supporting Information).

3.2. Toxicity prediction

Table 1 represents the toxicity level of the studied compounds.
None of the compounds have AMES toxicity and they do not have
hERGI inhibitory activity. Estimated oral rat toxicity values were
found to lie between 1.417 and 2.153 mol/kg. Estimates of chronic
oral rat toxicity (LOAEL) values are in between 1.094 and 3.259
(log mg/kg_bw/day). None of the compounds show hepatotoxicity,
though most of the compounds show skin sensitization.

From the above analysis it is clear that all 20 compounds un-
der consideration could serve as drugs for SARS CoV-2. The bound
structures of some of the drugs with 3CLpro are shown in Fig. 2.

From the docking results it is clear that Azelaic dihydrazide
(ADZ) showed the highest binding affinity to the main protease
(3CLpro) of SAR-CoV-2. The docked structure along with a 2D con-
tour plot of ADZ with 3CLpro are shown in Fig. 3 considering the
electrostatic and van der Waals interactions.

From the above figure it is clear that ADZ binds strongly with
3CLpro via formation of five strong H-bonds ranging from 2.15 to
2.97 A along with donor-acceptor interactions ranging from 2.37 to
2.62 A which are very short with respect to other systems.

TYRS54

/_{sm;

AgN142

-5.3 Kcal/mol

Phytol

-5.1 Kcal/mol

-5.1 Kcal/mol

2-Hexyldecanoic acid

Fig. 2. Docked structures of some of the drugs considered with 3CLpro.
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Fig. 3. Docked structure (left) and 2D contour plot of 3CLpro-ADZ complex.

The lower value of inhibition constant (Ki) between ADZ and
3CLpro indicates stronger binding affinity between them. The
neighboring residues are shown in both the views of the docked
structure. It was decided to carry out molecular dynamics (MD)
simulation on the 3CLpro-ADZ complex to investigate the effect of
the drug on 3CLpro in greater detail. Fig. 4a represents the RMSD
plot of undocked 3CLpro and ADZ, and of 3CLpro-ADZ complex.
Fig. 4b represents the RMS fluctuation plot of docked and un-
docked 3CLpro. The RMSD plot for the 3CLpro showed much lesser
fluctuation as compared to 3CLpro-ADZ complex after 2 ns which
suggests decreased stability of the docked structure vis-a-vis the
undocked one. It is clear from the above analysis that ADZ creates
a huge structural disruption in 3CLpro. This is further supported
by the RMSF plot which reveals that ADZ docked 3CLpro showed
less fluctuations in the residues compare to the undocked 3CLpro.
Moreover, RMSF plots Fig. 4c accounts less fluctuation of the neigh-
boring catalytic residues (HIS41, TYR54, GLY143, SER144, CYS145,
ASP187) to the drug molecule in the binding pocket of 3CLpro.
The structural changes of ADZ docked 3CLpro is also corroborated
by the sequence analysis of the docked and undocked 3CLpro as
shown in Fig. 5.

Sequence analysis revealed that the residues after 202 had
completely changed their positions indicating huge conformational
change within the 3CLpro. The binding free energy of polar and
non-polar groups of the docked structure with respect to time are
shown in Fig. 6¢c and 6d, respectively. With the passage of time,
polar binding free energy (H-bonding and electrostatic) decreased
indicating much stronger binding of the drug ADZ in the 3CLpro

cavity. It is to be noted that the stronger binding of ADZ with
3CLpro explains the huge structural change and protein chain se-
quence changes in 3CLpro. Magnitudes of some major interactions
in the 3CLpro-ADZ complex are listed in Table 2.

The compactness of a system is measured by the radius of gy-
ration (Rg) analysis. Variation of Rg with time is shown in Fig. 7a
for undocked and docked 3CLpro with ADZ. Form Fig. 7a it is clear
that the docked structure is more compact as compared to the un-
docked one. The solvent accessible surface area (SASA) of docked
and undocked 3CLpro are plotted against time in Fig. 7b. The fig-
ure clearly shows that the docked structure has lesser surface area
compared to the undocked structure, which reveals destabilization
of the former.

Fig. 8 represents structural changes during MD simulation. From
the above analysis it is clear that ADZ creates a large impact to
destabilize the structure of 3CLpro. This is also clearly reflected in
Fig. 8. Snapshots are given in the figure after every 2 ns starting
from the beginning. The RMSD plot and Fig. 8 are in agreement
with each other. At 2 ns, a substential conformational change is in-
dicated in Fig. 4a and in Fig. 8. The structure continues to change
as reflected in Fig. 4a and b, and also in Fig. 8. The docked struc-
ture does not seem to attain equilibrium up to 10 ns, i.e. till the
end of simulation, whereas the undocked structure of the protease
reaches equilibrium after 3 ns, as revealed from the RMSD plot
(Fig. 4a). It is clear, therefore, that the molecule ADZ from M. has-
tata destabilized the structure of 3CLpro on binding with it. This
is expected to affect the activity of SARS-CoV-2 to noticeable ex-
tent. 3CLpro plays an essential role in processing the ploy proteins
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Fig. 5. Sequence analysis of 3CLpro after MD in undocked and docked structure.

Table 2
Average values of various binding free energy components of 3CLpro-ADZ complex.
System Binding free energy van der Waal energy, Electrostatic energy, Polar solvation energy, SASA energy (kJ/mol)
(kJ/mOI) AEvdw(k.”n‘ml) AEelec (k.l/mOI) AGpo]ar (k.”m()l)
3CLpro+ADZ -49.1 + 18.8 -82.7+174 -91.3 + 20.0 137.3 + 26.8 -123 1.5
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Fig. 8. Conformational changes in 3CLpro upon binding with ADZ during MD-
simulation.

translated from viral RNA and thus aids in replication of the coro-
navirus. Inactivation of 3CLpro is therefore expected to lead to in-
hibiting viral replication of SARS-CoV-2.

4. Conclusions

20 compounds from the extract of the ethnomedical aquatic
herb M. hastata (L) Solms were screened against the main pro-
tease (3CLpro) of the novel coronavirus SARS-CoV-2. All the com-
pounds were found to have good docking affinity with 3CLpro,
as also desirable properties of pharmacokinetics, as obtained from
ADME and related analysis. Among all the compounds, Azelaic di-
hydrazide (ADZ) was found to have the best docking score with
3CLpro. This docked structure of 3CLpro-ADZ was then subject to
molecular dynamics (MD) simulation for 10 ns. Analysis of the sim-
ulation data viz. RMSD, RMSF, Rg and SASA plots, as well as from
the structures of the 3CLpro-ADZ complex during simulation, the
following conclusion can be drawn: ADZ creates a large conforma-
tional change on 3CLpro after binding or docking with it. This may
cause noticeable change of activity of 3CLpro, and thereby inhibit-
ing the replication process SARS-CoV-2. This calls for further inves-
tigations on effect of same and other compounds of M. Hastate (L.)
Solms on SARS-CoV-2 and ACE2 of host cell.
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Abstract:

The women have significant place in society and play a vital role in the development of
any country. Hence women progress in every field is very important for developing country and
it could be possible only by empowering the women. The education plays an important role in
human progress and women empowerment. Because Education not only educates a woman but
enables her to take decisions and accept responsibilities at her home and outer world. Education
helps a woman to understand her rights to equal treatment like a man in the society of this
nation. Education of women is the most powerful tool to change the position in society.
Occupational achievement, self-awareness and satisfaction are among the many things that will
be ensured by effective use of education. This article describes the need of women's education in
rural area and also focuses on the role of education in women's empowerment in India.

Keyword: Education, women, milestone, Women's empowerment, women's participation.

Introduction:

“Countries and Nations which do not respect women have never become great nor
will ever be in future” - Swami Vivekananda

The term ‘Empowerment’ is defined as "the process of changing the distribution of power
in institutions and interpersonal relationships across society." The empowerment strengthens the
innate ability by way of acquiring knowledge, power and experience. Empowerment is the
process of enabling or authorizing individual to think, take action and control work in an
autonomous way. Women Empowerment is the process by which women control their own lives
by establishing those rights, from their homes to the international stage, by knowing what their
rights are. Nowadays women Empowerment is a global issue and discussion on women political
right are at the fore front of many formal and informal campaigns worldwide. The concept of
women empowerment was introduced at the international women conference at Nairobi in 1985.

Women have a very in-distinctive position in our economy and are an indispensable part
of the society. But women are discriminated and marginalized at every level of the society
whether it is social participation, political participation, economic participation, access to
education, and also reproductive healthcare. Women are found to be economically very poor all
over the India. A few women are engaged in services and other activities. So, they need
economic power to stand on their own legs on per with men. It has also noticed that some of
women are too weak to work. They consume less food but work more. Therefore, from the
health point of view, women folk who are to be weaker are to be made stronger. Another
problem is that workplace harassment of women. There are so many cases of rape, kidnapping of
girl, dowry harassment, and so on. For these reasons, they require empowerment of all kinds in
order to protect themselves and to secure their purity and dignity. Hence women empowerment
is necessary and important for development of country. The only way a society or nation can
move forward, and aspire to economic growth and development is not just through education-
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but especially education among the women citizens. Once she is on the move, the family moves,
the village moves, the nation moves.

Objectives of the study:
¢ The main objective of our study to find out how the education played an important role in
the empowerment of Indian women
e Assess the present scenario of women empowerment in India.

Methodology:

The present paper is based on secondary data. The required data was collected from
Government records, Indian census record from 2001 to 2011, various articles, Newspaper,
books, internet sources and journals etc.

Need of Women Empowerment:

In present Scenario, Women empowerment and gender equality in India is India is an
alarming Same problem such as dowry, domestic violence, sex selective abortion, female
infanticide are still prevalent. As per the 2011 Census, women are subject to disadvantages as
compared to men in terms of literacy rates, labor participation rates and earnings. The Census,
2011 reveals that total literate population is 74.04% comprising 65.46% female and 82.14%
males. The gap between women and men is severe. While 82.14% of adult men are educated,
only 65.46% of adult women are known to be literate in India. The gender bias is higher
education, specialized professional trainings which hit women very hard in employment and
attaining top leadership in any field. Literacy Educational levels are the increasing for Indian
women still there is gap between Male and female literacy rate which can be seen in the
following Table.

1951 18.33 27.16 8.86 18.30
1961 28.3 40.4 1535 25.05
1971 34.45 45.96 21.97 23.98
1981 43.57 56.38 29.76 26.62
1991 52.21 64.13 39.29 24.84
2001 64.83 7526 53.67 21.59
2011 74.04 82.14 65.46 16.68

90 -
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50
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The above table, we come to know that at no point could the literacy rate of women
match that of men. As a result, 72 years of independence, Women occupy a secondary position
in our social hierarchy. Inspire of being aware of her position, women can't transform the
situation due to lack of education. Therefore, women's empowerment can't be effected unless we
persuade the importance of women's education.

Role of Education in Women’s Empowerment:

According to Nehru, “If you educate a man you educate an individual, however, if you
educate a woman you educate a whole family. Women empowered means mother India
empowered”. Hence to educate women is more important than men. Education in India plays the
most crucial role in women empowerment because it enables them to responds to the challenges,
to confront their traditional role and change their life. So we can't neglect the importance of
education in reference to women empowerment. Education increases women's self-confidence
and also enables them to find better job and she can help family economically. It develops the
women's capabilities to fight against injustice, domestic violence, corruption and many other bad
elements in the society. Education empowers women to make choices that can improve their
welfare, including marrying beyond childhood and having fewer children. Education helps a
woman to understand her rights to equal treatment like a man in the society of this nation and
realize that she is not inferior to man. It enables her to take decisions at her home and it enables
her to accept responsibilities at her home and outer world. Education will help women to
empower through the knowledge of science and technology to face the challenges of today's
technological age and it helps her to build career path. Finally education not only educates a
woman but also helps her realize that she is a vital part to the society.

The impact of women empowerment in Rural Areas:

Women’s empowerment in rural India is far less visible than in urban areas. Rural
women, as against women in urban settings, face inequality at much higher rates and in all
spheres of life. In rural areas of India generally education problems are faced by girls due to
family responsibilities such as caring for younger siblings, domestic work etc. Also there are
some barriers for women's education in rural areas like Priority to Son's Education Compared to
Daughter's Education, Lack of Adequate Number of Female Teachers and Gender Bias in
Curriculum Still Exists etc. From the start, girl children are seen as burdens rather than blessings,
bearers of exorbitant dowries, who will eventually move into the homes of their husbands. The
result is low literacy rate among women. The female children are not receiving the same
medical, emotional and educational attention as their male counterparts due to some
overwhelming cultural and economic reasons. It was observing that women were always
depicted as weak and helpless, often as the victims of abuse and beatings. We can say that these
depictions are strong barriers for improving women's position in society.

The illiterate women have high levels of fertility and mortality and with more children
she cannot pay proper attention on them and hence a woman's lack of education has a negative
impact on the health and well-being of her children. The illiterate women have poor nutritional
status, low earning potential, and little autonomy within the household. In order to fight against
all these socially constructed gender biases, girls and women have to swim against the system
and for this they require more strength. Obviously such strength comes only from the education.
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Conclusion:

Women empowerment is there but still we have miles to go on this path of
empowerment. We hope that in coming year’s ahead women empowerment will prove its worth.
Women are an integral part of a society. They play an important role in determining the destiny
of a nation. The education of women is the most powerful tool to change the position of society.
Education also brings a reduction in inequalities and functions as a means of improving their
status within the family. We can say that the progression of women in society is not possible
without education. Without educated women the world cannot become a better place for peoples.
That's why women's education is needed to turn this world into better place. We can conclude for
development and evolution of any country there is need for women's education. In the 21st
century we see that women are working in each field of corporate world, empowering them is
truly essential and necessary. We cannot ignore the importance of women education in reference
to women empowerment. The goals or dreams of our citizens will not be achieved without
effective education of women.
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Enhancing School Education:
Challenges, Innovations, and Future Directions
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School education plays a pivotal role in shaping the future of
individuals and societies by providing foundational knowledge,
skills, and values essential for personal development and societal
progress. However, the landscape of school education is fraught with
challenges that necessitate innovative solutions and strategic
directions 10 ensure quality, equity, and relevance in educational
outcomes. School education serves as the foundation for individual
development and societal progress. This research article examines the
multifaceted landscape of school education, exploring its current
challenges, innovative practices, and future directions. By
synthesizing existing literature and empirical studies, this article aims
to provide a comprehensive overview of key issues in school
education, highlight innovative approaches being adopted globally,
and propose strategies for advancing quality and equity in education
systems. The findings underscore the critical role of school education
in shaping lifelong leaming outcomes and contributing to inclusive
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INTRODUCTION :

School education is fundamental to * fostering
intellectual  growth, social development, . and
economic empowerment among individuals. [t forms
the bedrock of human capital formation and plays a
pivotal role in shaping future generations' capabilities
and opportunities. Amidst global efforts to achieve
education for all, the landscape of school education is
evolving, driven by technological advancements,
demographic shifts, and evolving societal needs. This
research article delves into the complexities of school
education, addressing current challenges, innovative
practices, and emerging trends that shape the
educational landscape.

Concurrently, changes in teaching methods are
redefining how education is conducted. The shift
towards  student-centered learning approaches,
project-based learning, and experiential learning
indicates 4 departure from conventional didactic
methods (Clark & Mayer, 2018). There is a growing
recognition among educators of the significance of
cultivating eritical thinking, collaboration, and
problem-solving abilities, This section examines the
efficacy of these instructional changes in improving
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student involvement and equipping learners for the
demands of a swiftly changing global environment.

In the ever-changing field of education, it is now
more important than ever to effectively plan for the
future. This article undertakes a thorough
examination of the current trends and advancements
that are influencing modern education (Jones &
Brown, 2018). As various social, technological, and
global factors continue to impact the field of
education, educators policymakers, and stakeholders
are confronted with the task of adjusting to this
changing environment.

Justification of the study:

Studying challenges, innovations, and future
directions in enhancing school education is
imperative for advancing educational quality, equity,
and relevance in a rapidly evolving global context. By
addressing current challenges, embracing educational
innovations, and envisiomng luture  directons,
stakeholders  can  colluboratively  shape  a
transformative  agenda that  empowers  learners,
strengthens educational systems, and contributes o
sustainable societal development. This study aims to
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Evaluation: Methods, Applications, and Challenges in Research and Practice
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ABSTRACT

Evaluation is a svstematic process of collecting, anahzing, and
interpreting data to assess the design, implementation, effectiveness, and ~ 4rmicle hstory:
impact of programs, policies, interventions, or iniriarives. Evaluation plays = .16 Octaber 2021

. . . . ) =il Recelved in revised form
a crucial role in assessing the effectiveness, impact, and qualitv of SRR
programs, inferventions, policies, and initiatives across diverse fields. The  yccepted 30 December 2021
overarching goai of evaluation is to generate credible evidence that
informs stakeholders abour the strengths, weakunesses, and ouicomes of the
entiry being evaluated, with the aim of improving its performance and Keywords: The Design.
achieving desired outcomes. This research article explores the Implementrion, Effectiveness,
multifaceted nature of evaluarion, examining its methods, applicarions, ~werventions. Policies, And
and challenges in both research and practical contexts. Bv synthesizing ~ tiatives.
current literature and empirical studies, this article aims to provide a
comprelensive understanding of evaluation processes, highlight
inovative approaches, and discuss kev challenges faced by evaluators.
Ulrimatelv, this research contributes to enhancing the rigor and relevance
of evaluation practices in informing decision-making and improving
outcomes.

ARTICLE INFO

Hosting by Innovatus Publishing Co. All righis reserved. © 2023

Introduction:

The process of teaching and leaming includes evaluation. Teaching and learning are both enhanced by it.
Rather than being a one-time event, evaluation is an ongoing procedure. Students’ values of judgement,
educational standing. and accomplishment can be shaped by this. As with any area of educational
endeavour, evaluation. in some shape or another, is intrinsic to the teaching and leaming process.
Therefore, it's ideal for educators to learn all they can about assessment and how to use it m the
classroom. (Cabrera,2006)

Incorporating value judgement into assessment is what evaluation is all about. Its focus is on putting its
results into practice, which in turn requires making a value judgement on a product. process. or
advancement in light of predetermined goals and principles. It is common practice to give suggestions for
positive actions in evaluations, (Trochim, & Kane,2005) A qualitative assessment of the current state of
affairs 1s, thus, evaluation. It demands proof that the programme is good. appropnate. or effecnve.
Valuation is the process of determining the value of an item, process. or programune so that unportant
decisions can be made regarding it. (Dougherty, & Conway,2008)

Significance of the Study:

the study of evaluation - encompassing its methods, applications, and challenges - holds significant
implications for research, policy, and practice. By advancing our understanding ol how to effectively
evaluate programs and interventions, this study contributes to improving decision-making, enhancing
accountability, fostering innovation, and addressing pressing sociefal challenges. Ultimately, evaluation
serves as a cornerstone for evidence-based practice, driving continuous improvement and promoting

European Journal of Innovation In Nonformal Education Volume 1, No 02 | Dec - 2021 | Page [273
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TEACHER PROFESSIONAL DEVELOPMENT: MODELS AND
OUTCOMES

Dr. Bhabesh Pramanik
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Abstract Key words: Professional

Teacher professional development (PD) plays & crucial role in Development, Teaching,

enhancing teaching effectiveness and student outcomes. This Effectiveness, Student
research article explores various models of teacher PD. Achievement.
examines their effectiveness, and analyzes the outcomes for
educators and students alike. The study synthesizes current
literature, discusses challenges and best practices, and provides
recommendations for implementing etfective PD programs in
educational settings. Beginning with their initial preparation
and continuing all the way until retirement, professional
development of feachers is an ongoing process. Teachers are the
key players in bringing about change in the classroom, which is
why investing in their professional development is so crucial.
The study emphasised the positive impact of effective methods
and approaches on the growth and development of teachers in
an era marked by rapid technological advancements and
changing educational paradigms. It highlighted strategies tor
teacher professional development for 21st century education.

Introduction: Teacher professional development (PD) is recognized globally as essential for
improving instructional practices and fostering student achievement. The landscape of PD has
evolved significantly over the years, moving from traditional one-off workshops 10 more
comprehensive, ongoing nodels aimed at sustained improvement. This article aims to explore
different PD models, their effectiveness, and the outcomes they produce in terms of teacher growth
and student learning. (Bayar, 2014)
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A NOTE ON THE BOUNDS OF ZEROS OF POLYNOMIALS AND
CERTAIN CLASS OF TRANSCENDENTAL ENTIRE FUNCTIONS

TANCHAR MOLLA® AND SANJIB KUMAR DATTA(®

ABSTRACT. In the paper we wish to find bounds of zeros of a polynomial. Our
result in some special case sharpen some very well known results obtained for this
purpose. Also, we obtain lower bound for a certain class of transcendental entire
functions by restricting the coefficients of its Taylor’s series expansions to some

conditions.

1. INTRODUCTION

Fundamental theorem of algebra asserts that every non constant polynomial of
degree n with complex coefficients has exactly n zeros but gives no information about
location of zeros of a polynomial. All zeros of a polynomial of degree less than or
equal to 4 can be derived algebraically for all possible values of its coefficients. But,
difficulty arises when degree of polynomial is greater than or equal to 5. So, it
is desirable to know bounds of zeros of a polynomial. Problem of finding bounds
for zeros of a polynomial is classical one which is essential in various disciplines
such as controling engineering problems, eigenvalue problems in mathematical physics
and digital audio signal processing problems {cf. [18]}. Gauss and Cauchy were
first contributors in this area [16]. To find bounds for the moduli of the zeros of a
polynomial, Cauchy {cf. [16]} introduced the following classical result:

Theorem A [16]. If P(z) = Z;L:o a;z’ is a polynomial of degree n, then all the

zeros of P(z) lie in [2] < 1+ mazo<j<m-)|5].

Theorem A was improved in several ways by many researchers {cf. [6], [13], [15] &
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On a g-Analogue of the Right Local General Truncated M-
Fractional Derivative

We introduce a g-analogue of the right local general truncated M- fractional
derivative for a-differentiable functions. From this newly defined operator,
q-analogues of the standard properties and results of the a-right local
general truncated M-fractional derivative like the Rolle’s theorem, the mean
value theorem and its extension, inverse property, the fundamental theorem
of calculus and the theorem of integration by parts are obtained. In context
with this g-fractional derivative operator, a g-analogue of a physical
problem, the falling body problem, is obtained. Also, the g-vertical velocity
and the g-distance are obtained from this problem and the solutions has been
compared and shown in the graphs for various combination of q-parameter
and fractional order o with the classical ordinary solution.

Rajendrakumar B. Chauhan
Meera H. Chudasama

JIMS, 2023, 16(1), 1-22

Bahadur’s Stochastic Comparison of Asymptotic Relative
Efficiency in Combining_infinitely Many Independent Tests in
Case of Conditional Extreme Value Distribution

Bahadur’s stochastic comparison of asymptotic relative efficiency of
combining Infinitely many independent tests in case of conditional extreme
value distribution is proposed. Six distribution-free combination producers
namely; Fisher, logistic, sum of p-values, inverse normal, Tippett’s method
and maximum of p-values were studied. Several comparisons among the six
procedures using the exact Bahadur’s slopes were obtained. Results showed
that the logistic producer is the best procedure.

Mohammed Al-Haj Ebrahem
Abedel-Qader S. Al-Masri

JJMS, 2023, 16(1), 23-40

Monotone Iterative Technique for a Coupled System of
Nonlinear Conformable Fractional Dynamic Equations on Time
Scales

In this paper, we investigate the existence of extremal solutions for a
coupled system of nonlinear conformable fractional dynamic equations on
time scales, by applying the monotone iterative technique combined with
the method of lower and upper solutions. At last, an example is given to
illustrate our main result.

Bouharket Bendouma

JJMS, 2023, 16(1), 41-55

On :-strong Commutativity Preserving with Endomorphisms

In this paper, we investigate commutativity of a prime ring with involution.
More specifically, we introduce certain algebraic identities of -strong
commutativity with two endomorphisms, and study their connection with
the commutativity of these rings. Finally, we provide examples to show that
the various restrictions imposed in the hypothesis of our theorems are
necessary.

S. Dakir
A. Mamouni

JJMS, 2023, 16(1), 57-66

Properties of Rationalized Toeplitz Hankel Operators

In this paper, we introduce and study the notion of Rationalized Toeplitz
Hankel Matrix of order (ky, k,) as the two way infinite matrix (a‘-j) such that
(lij = U,i+k2,j+kl

where k| and k, are relatively prime non zero integers. It is proved that a
bounded linear operator R on L? is a Rationalized Toeplitz Hankel operator
[5] of order (ky, k,) if and only if its matrix w.r.t. the orthonormal basis {z":
i € Z} is a Rationalized Toeplitz Hankel matrix of the same order. Some
algebraic properties of the Rationalized Toeplitz Hankel operator Re like
normality, hyponormality and compactness are also discussed.

https://journals.yu.edu.jo/jjms/Vol16No1Contents2023.html

Ruchika Batra (Verma)

JJMS, 2023, 16(1), 67-78
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3/8-Simpson Type Inequalities for Functions whose Modulus of
First Derivatives and its g-Th Powers are s-Convex in the
Second Sense

The purpose of this study is to improve certain existing results concerning
the Simpson type inequalities involving four point called Simpson second
formula. First, we prove a new integral identity. Then, we use this identity to
come up with a new Simpson second formula inequalities for functions
whose first derivatives are s-convex. We also deal with situations in which
the first derivatives are bounded and Lipschitzian. In addition, some
applications are given to show how well our main results work.

N. Laribi
B. Meftah

JJMS, 2023, 16(1), 79-98

Generalized Riesz Representation Theorem in n-Hilbert Space

In respect of b-linear functional, Riesz representation theorem in n- Hilbert
space have been proved. We define b-sesquilinear functional in n-Hilbert
space and establish the polarization identities. A generalized form of the
Schwarz inequality in n-Hilbert space is being discussed. Finally, we
develop a generalized version of Riesz representation theorem with respect
to b-sesquilinear functional in n-Hilbert space.

Prasenijit Ghosh
T. K. Samanta

JIMS, 2023, 16(1), 99-115

A Classification of Kenmotsu Manifold Admitting _«-Einstein
Soliton

In this paper, we initiate the study of x-Einstein soliton on Kenmotsu
manifold, whose potential vector field is torse-forming. Here, we have
shown the nature of the soliton and find the scalar curvature when the
manifold admitting -Einstein soliton on Kenmotsu manifold. Next, we
have evolved the characterization of the vector field when the manifold
satisfies #-Einstein soliton. We have embel lished some applications of
vector field as torse-forming in terms of x-Einstein soli ton on Kenmotsu
manifold. Also, we have studied infinitesimal CL-transformation and
Schouten-Van Kampen connection on Kenmotsu manifold, whose metric is
«-Einstein soliton. We have developed an example of x-Einstein soliton on
3-dimensional Kenmotsu manifold to prove our findings.

Soumendu Roy

Santu Dey

Arindam Bhattacharyya
Xiaomin Chen

JJMS, 2023, 16(1), 117-138

Position Vectors of a Relatively Normal-slant Helix in Euclidean
3-space

In this paper, we give a new characterization of a relatively normal- slant
helix. Thereafter, we construct a vector differential equation of the third
order to determine the parametric representation of a relatively normal-slant
helix according to standard frame in Euclidean 3-space. Finally, we apply
this method to find the position vector of some special cases.

Abderrazzak El Haimi
Amina Ouazzani Chahdi

JJMS, 2023, 16(1), 139-152

A Note on the Bounds of Zeros of Polynomials and certain Class
of Transcendental Entire Functions

In the paper we wish to find bounds of zeros of a polynomial. Our result in
some special case sharpen some very well known results obtained for this
purpose. Also, we obtain lower bound for a certain class of transcendental
entire functions by restricting the coefficients of its Taylor’s series
expansions to some conditions.

Tanchar Molla
Sanjib Kumar Datta

JJMS, 2023, 16(1), 153-163

The formation of rings of fractions and the associated process of
localization are the most important technical tools in commutative algebra.
Krasner (m, n)-hyperrings are a generalization of (m, n)-rings. Let R be a
commutative Krasner (m, n)-hyperring. The aim of this research work is to
introduce the concept of hyperring of fractions generated by R and then
investigate the basic properties such hyperrings.

M. Anbarloei

JJMS, 2023, 16(1), 165-185

https://journals.yu.edu.jo/jjms/Vol16No1Contents2023.html
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ABSTRACT

Gold is a precious metal with limited existence. Gold is employed for storing value. India’s gold price
is linked with international price of gold. In case of global uncertainty people tends to hedge their
funds through gold ETF, which increases the demand for gold as fund houses need to buy gold for the
new investments, as gold ETF are backed by physical gold and so gold prices risc in intcrnational
markets. Again if rate of interest decreases by Federal Reserve, demand for gold increases. There are
many other reason for rise of gold prices, in international markets some of them are duc to weakness
of dollar, huge stimulus packages for revive of economies, US and Chinese tensions etc. From an
economic and financiai point of view, goid price fiuctuations are important and interesting. in india
price of gold is affected by depreciated rupee, inflation, crude price etc. Here the gold price is
depended variable while CPI, Crude oil, Exchange rate are independent variable. Gold price is
measured by rupee per Troy ounce, inflation is measured by €PI, Crude oil is measured by Indian
rupee per Barrel and Exchange Rate is measured in rupee to that of US dollar (INR). 124 monthly
observations from January 2011 to April 2021 were used for our study. Unit root test, correlation
analysis, granger causality test were employed for analyzing data. The empirical results show positive,
moderate relationship between gold price, CPI, INR whereas negative correlation between crude price
and gold price though of less significance. However CPI and INR showed positive or direct correlation
with high level of significance. Unidirectional relationship was found between CPI and INR.

KEYWORDS: Goid Price, Infiation, Consumer Price ievei, Exchange Rate
INTRODUCTION

India is the world largest consumer of gold and consumes around 446.4 MT of gold per year.
Production of gold in India is only 1.4 to 1.5 MT per year. Thus India imports large amounts of gold
of which around 15% to 17% is through illegal method. According to RBI only notified entity by
DGFT (like MMTC, HHEC, STC, PEC, MSTC, GJEPC etc) could import gold directly in India. Gold
is one among the oldest means of exchange known to us besides its role as a metal or as a commodity.
In fact gold has a dual role, both as a commodity and currency. Till today it continues to be a
psychological barometer of market sentiment. Governments all round the world holds gold as a

forcign cxchange rescrve, highlights the importance of gold.

Indian people buy gold for consumption as jewellery, investment or as a hedging instrument. Usually
the price of gold is affected by various economic factors such as inflation, exchange rate, interest rate,
price of crude, lastly demand and supply of gold etc. Inflation is the rise of price of goods and services
thus if the inflation goes up, the value of local currency goes down therefore people purchase more
gold to safeguard their value of wealth because gold is seen as a store of value. Inflation might be for
several reasons like increase in price of oil or due to decrease in rate of interest, as intercst rate falls,
moncy flow increases in the cconomy, income rises, demand for goods and services increases which
further leads to inflation. Again if the imports are greater than export, demand for US dollar increases,
which helps Indian rupce to depreciated as compared to US dollar. We need more Indian Rupees to
buy one US dollar, thus import of gold is more costly than before.
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PROMOTING DE-DOLLARIZATION: A GLOBAL MONETARY
RESET
'AMRITENDU ROY
Abstract

Dollar has been used as the world’s commanding reserve currency since World War 11 At
present, dollar is the primary currency used in cross-border transactions, held by central
banks in reserves, and traded in foreign exchange markets. It gives the US control in the
international financial market. This dollar system has its own consequences in geopolitical
risks, cyclical liquidity risks and inflationary crises which is directly associated with US.
Morcover, the US's own over-indebtedness and stagflation also damaged the long-term
credibility of the dollar. This has led some emerging economies to re-assess the role of the
dollar. Many countries like Russia and China are making cfforts towards ending the
dominance of dollar i.e. De-dollarization.

Kevwords: Dollar, Petrodollar, Sanctions, Inflation, Gold, Weaponization
De-Dollarization

De-Dollarization refers to decreasing the dollar’s governance in global markets, substituting
US dollar as the currency used in

1. Trading oil or other commodities
2. Bilateral trade agreements

3. Buying US dollars as forex reserve
4. Dollar-denominated assets

US enjoy a disproportionate amount of influence in global economy due to its dollar usages
in international trade and commerce. US has used dollar as a weapon to impose sanctions to
achieve foreign policy goals. Thus central banks of different countries interest to De-
dollarization are driven by the desire to cover the geopolitical risk.

Causes of Dollar Prominence

In order to understand US dollar dominance in global economic system, it is important to
study the importance of dollar. US helped Israel in 1973 at Yom Kippur War. Thus Arab
countries impose an official ban on the oil which hiked the prices of petroleum products. Oil
prices were hiked from 3 dollars to 17 dollars per barrel, which led to one of the biggest
economic recession of the world. USA decided to separate its dollar from gold, and it led to
rapid decline of dollars value.

After the collapse of Bretton Wood system, the status of dollar was enhanced by the secret
agreement with oil rich Saudi Arabia related to oil exports. Saudi Arabia’s energy trade with
other countries must be in dollars according to the deal made with US, and in return US
provided military assistance in form of selling weapons to Saudi Arabia.

Currently 60% of foreign exchange reserve of central banks and about 70% of global trade is
done using US dollars.

' Assistant Professor, Department of Economics, Dumkal College, Murshidabad, West Bengal, India
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Abstract

Dollar has been used as the world’s commanding reserve currency since World War 11. At
present, dollar is the primary currency used in cross-border transactions, held by central
banks in reserves, and traded in foreign exchange markets. It gives the US control in the
international financial market. This dollar system has its own consequences in geopolitical
risks, cyclical liquidity risks and inflationary crises which is directly associated with US.
Moreover, the US's own over-indebtedness and stagflation also damaged the long-term
credibility of the dollar. This has led some emerging economies to re-assess the role of the
dollar. Many countrics like Russia and China are making efforts towards ending the
dominance of dollar i.e. De-dollarization.
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De-Dollarization

De-Dollarization refers to decreasing the dollar’s governance in global markets, substituting
US dollar as the currency used in

1. Trading oil or other commodities
2. Bilateral trade agreements

3. Buying US dollars as forex reserve
4. Dollar-denominated assets

US enjoy a disproportionate amount of influence in global economy due to its dollar usages
in international trade and commerce. US has used dollar as a weapon to impose sanctions to
achieve foreign policy goals. Thus central banks of different countries interest to De-
dollarization are driven by the desire to cover the geopolitical risk.

Causes of Dollar Prominence

In order to understand US dollar dominance in global economic system, it is important to
study the importance of dollar. US helped Israel in 1973 at Yom Kippur War. Thus Arab
countries impose an official ban on the oil which hiked the prices of petroleum products. Oil
prices were hiked from 3 dollars to 17 dollars per barrel, which led to one of the biggest
economic recession of the world. USA decided to separate its dollar from gold, and it led to
rapid decline of dollars value.

After the collapse of Bretton Wood system, the status of dollar was enhanced by the secret
agreement with oil rich Saudi Arabia related to oil exports. Saudi Arabia’s encrgy trade with
other countries must be in dollars according to the deal made with US, and in return US
provided military assistance in form of selling weapons to Saudi Arabia.

Currently 60% of foreign exchange reserve of central banks and about 70% of global trade is
done using US dollars,
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the country was under Buddhist rule for about 400 year since the mid 8™ century.
None of the available studies have focused on its reasons. This paper is an attempt to
evaluate the scope of Buddhist tourism in West Bengal while addressing this research
gap found from interdisciplinary literature survey. Although there is abundance of
descriptive historical and archaeological studies on abandoned Buddhist monasteries
of West Bengal, spatial analysis dedicated to Buddhist tourism development is rare.
Extensive literature survey has been followed by committed field workto obtain data
which are historiographic, toponymic and archaeological in nature. IRSLISS Il images
have been analyzed to evaluate the changing course of rivers on the Buddhist ruins
and the effects of flooding on them. An appraisal is made on policy measures to
exploit the maximum potentials of Buddhist tourism which may bring opportunities
of income and scope of employment, thereby contributing to backward area

Keywords: development.
Buddhism, heritage, river,
historiography, toponymy Copyright © 2022 Published by Vidyasagar University. All rights reserved.

Introduction: only structure around which the issues of Buddhist
tourism have been seriously dealt with. Three other
seats of ancient Buddhist monasteries namely
Karnasubarna (Murshidabad district), Subarnabehar
(Nadiadistrict) and Bangarh (Dakshin Dinajpur district)
are woefully neglected because of the lack of
appreciation of their tourism value in government
level.The goal of Buddhist pilgrimage is not merely
the visiting of the sacred centres considered to be‘axis
mundi’ (Eliade, 1959) but to pass through an itinerary
of greater and lesser sites (Behrendt, 2009). The lesser
category sites are characteristically not associated with
the life of Buddha or any miraculous event associated
with the divine power of the Lord. Buddhist tourism
of India incorporates a number of such sites that are
more cultural and historical rather than sacred.
Monastery tourism is already emerged as an off shoot

The Buddhist sites distributed across the whole India
are considered as precious resources for heritage
tourism development. The states like Uttar Pradesh,
Bihar, Odisha and Maharashtra are drawing large influx
of Buddhist tourists, both domestic and international
every year by virtue of Buddhist heritages but instead
of the rule of a Buddhist dynasty from 8" to 11t
century AD, the tangible Buddhist heritage in Bengal,
particularly in West Bengal, a state of India being
considered insufficient till the discovery of the
Moghalmari Buddhist monastery of Paschim Medinipur
district which is comparable with the Somapura
monastery of Bangladesh, a UNESCO declared world
heritage site. Before the discovery of Moghalmari,
Nandadirghi monastery of Jagjivanpur, situated in the
interfluve of Punarbhaba and Tangon River, was the
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of Buddhist tourism, which could rather be classified
as heritage tourism than a branch of religious tourism.
With a focus on addressing the research question on
why the ruins of Buddhist heritage in West Bengal
have not been successfully utilized for tourism, the
present study is undertaken to fulfill the following
objectives:

a) To evaluate the status of the Buddhist ruins
in West Bengal with special emphasis on
the role of river on them.

b) To recommend policy measures for a
comprehensive planning and management
of monastery based Buddhist tourism in
West Bengal

With a view to the growing tourist traffics in excavated
Buddhist sites, it is essential to focus on their art,
architecture and cultural history for better tourism
marketing. This not only may generate income and
employment but also sensitize the community living
in the vicinity of such centres on the past glory of
their civilization so that spontaneous public
participation could be obtained for ensuring the
preservation of the past heritages. There is no doubt
that lack of community awareness on the value of
excavated sites in the past led to their decay which
could be prevented otherwise. This paper isan attempt
to address the research gap on the past role of rivers
in depletion of Buddhist monasteries when the popular
hypothesis assumes only on the role of religious
rivalries for their mysterious disappearance from
cultural landscape.

Data and Methods:

Spatial distribution of the ruins of Buddhist
monasteries of West Bengal is under study with special
emphasis on Moghalmari. Detailed field work was
made first at Moghalmari and it has been then
compared with Jagjivanpur where experimentation to
develop heritage tourism could not be materialized
few decades ago and scope of developing such tourism
in the soils of West Bengalis somewhat challenged.
Extensive field works have been made to collect both

primary and secondary data on the places of other
threefamous Buddhist ruins of West Bengal namely
Karnasubarna, Bangarh and Subarnabehar (Table.1).
Satellite images (IRSLISS 11I) have been used to analyze
their spatial organization focussing on shifting of river
courses in relation to their survival from flood hazards.
In this context, maps have been produced using
Geographical Information System (GIS) in the domain
of Arc GIS 10.1 version. With triangulation of
qualitative aspects of the attraction factor, the Buddhist
heritages have been assessed from tourism promotion
perspectives. A number of policy recommendations
have been derived by studying the demand of the
visitors and perceptions on the value of Buddhist
heritage by the host communities.

Study Area:

In the present study, focus is primarily made on
Jagjivanpur buddhist sitein Habibpur Block of Malda
district, and Moghalmari buddhist site of Dantan |
Block in Paschim Medinipur district. From a mound
named Tulabhita, a copper plate inscription of
Mahendrapaladeva (9 Century AD) was discovered
(Chakrabarti, 2001) from which patronage of Pala
dynasty of Bengal to this monastery is prominent. The
ground plan of the monastery resembles with the
world famous Nalanda Mahavihar while the sculptural
pattern is the manifestation of post-Gupta art of India
(Sen Majumdar, 2013). The discovery of the Buddhist
monastery at Moghalmari was made in the year 2003
from excavation of a large mound at Moghalmari named
“Sakhisonar Dhipi”.

The Bengali word Dhipi denotes the structural mound
while Sakhisona according to folklore, was the
daughter a local king named Raja Bikramkeswari. The
love story of Princess Sakhisona and Ahimanik, the
adopted son of one of the ministers of the then
Amarabati state (presently in West Bengal and Odisha
border) is a subject matter of popular folklores in the
region. In Jhargram under Jambani block, in a
picturesque village named Kuliapal, a local weekly
market is named after the princess Sakhisona.

Table 1: Ruins of monastic complexes in West Bengal

SI. No. Place District Name of the Mahavihar
1 Datan Paschim Medinipur Sribandak
2 Jagjivanpur Malda Nandadirghi
3 Karnasubarna Murshidabad Raktamrittika
4 Bangarh South Dinajpur Devikot
5 Subarnabehar Nadia Subarnabehar

Source: Compiled by the authors, 2021
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Fig. 1: Study Area
Map prepared by the authors

In Nayagram Police Station, a huge ground is also
named after her. The mound in Moghalmari was
popularly known as “Sakhisonar Pathsala”, the primary
school (called Pathsalain Bengali language) where
Sakhisona met first Ahimanik. The epigraphic records
from 6 to 10" century, establish the historic presence
of Dandabhukti as a province of ancient Bengal, where
the monastery was situated. Table.2 presents a
comparison between these two Buddhist sites.

Among the other three Buddhistruins, the condition
of Subarnabehar site is the worst. Only a few bricks of
the ancient monastery is found scattered in
Subarnabehar where maximum human encroachment
took place and the site was never been under any
protection. Both in case of Subarnabehar and Bangarh,
role of river as a destructive agentis worth mentioning.

The situation of Karnasubarna however is better but
the neibouring community is reluctant on its
preservation since the site never contributed to the
local economy by generating sufficient revenue from
tourism. The occasional domestic visitors interested
in history come and become disappointedviewing its
condition and also lack of facilities and tourist
amenities. Such grim scenario is the inspiration to
undertake this study with research question on the
requirements that could make the state a Buddhist
tourism paradise. Fig 1 represents the location of
these monasteries with special emphasis on
Moghalmari and Jagjivanpur.

Results and Discussion:

Moghalmari, the site of ancient Buddhist Sribandak
Mabhabihar is the most promising site forBuddhist

Indian Journal of Geography and Environment, 19 (2022)
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Table 2: General comparison between Jagjivanpur and Moghalmari archaeological sites

Items Jagjivanpur Moghalmari
Location Lat- 25°02’ N, Long- 88°22’E Lat- 21°57’ N, Long- 87°16’E
Nearest Town Malda Kharagpur
District Headquarter Malda town in North Bengal Midnapore town in South Bengal
Distance from District Head Quarter 41 km 63 km
Area (sq. mtr) 78.58mXx 78.33 m 80m X 80m
Antiquity documented 9™ century AD 6™ century AD
Involvement of conservational State Archaeology since 1990 State Archaeology since 2013
agency
Community involvement Not found Yes
Museum on site Not found Yes
Nearest Railway station Malda town (41 km) Belda (15 km)

Source: Field Survey 2019-20

PALEOCHANNELS OF SUBARNAREKHA AND -

8T*120°E BT4TE BTHETE

Fig. 2: Paleochannels of Subarnarekha River
(Map prepared by the authors)
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tourism in West Bengal. From the stand point of
archaeological design, it iscompared with the
Somapura Mahabihar of Paharpur founded in 9®
Century by the Pala kings, which is located in Rajshahi
district of Bangladesh (i.e. eastern portion of undivided
Bengal under British Rule before 15™ August,
1947).Recognition of Somapura Mahabihar as
UNESCO’s World Heritage Site (in the year
1985)depicts the heritage value of Moghalmari
monastery which is characteristically of similar type
excavated in the year 2003. The Chinese pilgrim Huen-
Tsang, who visited Tamralipta kingdom in 638 AD
reported the presence of ten active monasteries.
Moghalmari, a monastic complex that dates back to
5%/6t"century ADmight be one of them (Datta, 2010).
Once located on the bank of the Subarnarekha as
evident from the presence of paleochannels and
evidences of river shifting in the region (Fig 2), the
monastery was then situated on the levee of the river
near the junction point of inland trade route and the
river route connecting Bengal and Odisha in ancient
period. The linear inland trade route is referred to as
Danda and the region in the reign of king
Shashanka(600-637 AD), the first powerful king of
Bengal was known as Dandabhukti (bhukti stands for
the integral part of kingdom). Pataliputra, the nerve
centre of the then North India’s trade and commerce
was connected with Tamralipta port for sea trade by
this historical road, which was extended towards south
probably upto Vishakhapatnam. Instead of imposing
direct rule from his capital at Karnasubarna, Shashanka
preferred to appoint local rulers. Somdatta was one of
them, the ancestor of whom ruled present Dantan
and its surrounding areas during 6"-7% century AD
(Mukherjee and Mukherjee, 2014).

The word Dantan has association with another popular
legend regarding the waterway transportation of
Buddha’s tooth that was distributed from his mortal
remains after cremation in the 5%century B.C. The
tooth was worshipped about 800 years at Dantapur, a
place in Kalinga, a Buddhist kingdom (present Odhisha)
and according to a few scholars, the shrine of Lord
Jagannath at Puri was the original place of tooth
worship (O’Malley, 1908). However, with the fall of
the Buddhist empire in Kalinga, this tooth was said to
be transported to Ceylon through the Tamralipta port,
which is now worshipped at the temple of Kandy, the
most revered Buddhist site in Sri Lanka. It is firmly
believed that the tooth relic was sheltered at the
monastrial complex of Moghalmari before it was sent
to Ceylon in the first quarter of the 4™ century from
which the locality derived the name Dantan (Danta

means tooth and pur stands for city) . The non-believers
however relate the place name with the Datun (tooth
stick) of Sri Chaitanya, a 15" century legendary
Vaishnava leader who visited the place on his way to
Puri.

Moghalmari is now a village situated at a distance of
5.2 kms north from the Dantan town. The place named
Jahajghata (meaning harbour) in Dantan (near Dantan
High School) issignificant toponymic data supporting
the presence of a sheltered site for the ships. The
place named Jahajdubi (Jahaj stands for ship and dubi
means submergence) within paddy field at present
near the Moghalmari village is indicative of the past
incidence of sinking of ship/ships. The river
Subarnarekha which was then navigableused to flow
beside the Sribandak Mahabihar (now it has been
shifted about 5 kms in western direction) and the
lowland used for paddy cultivation today was once the
river bed (Fig. 2). If the tooth legend is taken into
consideration, Moghalmari Mahabihar was serving the
devoteeseven in the beginning of the 4™ century. In
the Dathavamsa (literally means the history of the
tooth relic), a chronicle of Ceylon, written in Pali
language by Dhammakitti, a 13™ century Buddhist
scholar, it is mentioned that Princess Hemlata and
Prince Dantakumar brought the tooth of Buddha from
Kalinga to Sri Lanka using the Tamralipta port (Pradhan,
2005). The Mahagovinda Sutta, another famous
Buddhist text mentions Dantapura of Kalinga was one
of the six famous cities of contemporary India.The
tooth of Buddha was kept there in a magnificent stupa
built by king Brahadutta who received the tooth relic
from Khema, a Buddhist monk in 5" Century B.C.
(Ganguli. 1975).

The name Moghalmari (literally means the slaughter
of the Mughals) is of medievalorigin. It may have
historical association with a series of battles fought
by the Mughals in the year 1575 against the Afghans
in which they faced considerable casualties despite of
final win. A few scholars however reservea different
opinion that ‘mari’ is a word depicting road, which
facilitated the movement of Mughal troop in the 16%
centurythat persisted since the time of Shashanka in
7% century connecting Pataliputra with
Visakhapatnam. The disappearance of the monastery
beneath a mound at Moghalmari might be the
outcome of the destruction made by Mohamedans
during the battle fought at the time of Akbar, the
Great Emperor (Vasu,1911).

Buddhism was established in Bengal by royal patronage
of anumber of dynasties among which the Mouryan of
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the 3" century BCwas the pioneer.King Ashoka (273-
236 BC), the Great Emperorhimself was said to be
present physically at Tamralipta port on occasion of
sending his son and daughter to Ceylon with the
branch of Bodhi tree.It was I-tsing, a Chinese traveler
who noticed the presence of Ashoka’s stupa during
his travel at Tamralipta in the later half of the 7t
centurywhich was probably one of the 84000 stupas
said to be built up by Ashoka in different parts of
Indian subcontinent. The archaeological evidences and
epigraphic records represent that Buddhism was a
dominant faith in Tamralipta kingdom during the Sunga
(185-73 BC) and Kusana (30-300 AD) period when
Tamralipta’s maritime trade with outside world was at
its high (Dasgupta, 1958). Buddhism had been more
consolidated itself in the region in succeeding years
as evident from the travel record of Fa-Hien (405-411
AD) who observed the presence of 24 monasteries in
the region.(Ramachandran,1951) The monastery where
tooth relic of Buddha was kept before its transportation
to Ceylon might be one of them.

As the excavated monasterial complex of Moghalmari
dates back to 6™ century AD, it may be assumed that
it had been developed on ruins of previous Buddhist
establishments. By the Hindu Guptas, who ruled
during 300-500 AD century, Buddhism was never
treated as the religious rival of Hinduism. The Palas
who rose from the middle of the 8" century and ruled
for a period of about 400 years were devout
Buddhistsand their reign is known as the Golden Age
of Buddhism in Bengal (Chakma, 2011). The similarities
between the Moghalmari monastery and the famous
Somapura Mahabihar of Paharpur (that was founded
not before the 8™ century) depict that art and
architecture of Paharpur was guided by the model of
Moghalmari monastery, because Moghalmari which
was established much earlier as evident from

historiographic records. As the gigantic monastery
and the magnificent temple at Somapura werenot built
even in the early 7" century, it was unnoticed by
Chinese pilgrim Hiuen-Tsang during his travel (Gill,
2007). Archaeological data further reveals thatthe
Buddhist establishments of Moghalmari were inspired
from the art and architectural stage of Nalanda, the
principle seat of Buddhist learning in Northern India
where Hiuen- Tsang stayed for years(Hazra, 1983).
The great monastery of Nalanda came into prominence
towards the close of 5" century AD (Roy Acharyya,
2005).The stucco work of Stupa No- 3 at Nalanda
clearly depicts the relationship between Nalanda
Mahabihar and Sribandak Mahabihar, which are
contemporary and thereby considered to be the
paradise for archaeological tourism. For architectural
ornamentation, stucco work was made at the outer
boundary wall of the Buddhist temple complex of
Moghalmari following the Nalanda architectural style,
which provided protective coating for the structures
(Basu, 2008).The ground plan of Moghalmari Buddhist
complex is different from Nalanda, whichresembles
Paharpur. Moghalmariis thus endowed withheritage
tourism potentials not only from the standpoint of
antiquity but also for a finer craftsmanship manifested
in its art and architecture (Sanyal, 2001). Table 03
represents the phases of excavations undertaken by
the Department of Archaeology, University of Calcutta
who discovered the monastery excavating a mound at
Moghalmari in the year 2003.

Since November 2013, Archaeological Department of
West Bengal Government took over the custody of
the excavated monasterial complex and the conscious
efforts on developing tourism based on this Buddhist
site had beeninitiated from the Block level
administration of West Bengal government.
Organizing a Buddhist festival at the site in the year

Table 3: Major Excavations Outcomes at Moghalmari

Phase Major discoveries that attract the attention of tourists

2003-04 Phase | in the mound MGM 1 (Sakhisonar Dhipi) gave indication on presence of a monastic
complex

2006-07 Phase Il concentrated on eastern and southern side of MGM I and discovered a wall of the
monastic complex, the square/rectangle structures used as cells of the resident monks,
structure of circular bricks forming the bases of stupas and other antiquities such as
pottery strewn over the surface, stucco figures

2007-08 Phase Il was devoted to the discovery of stucco decorated walls in the eastern side
specially

2009-10 In the Phase IV, the entrance of the monastic complex was discovered in the northern side

2010-11 In the Phase V, the prayer hall of the monastery was excavated

2011-12 In Phase VI, stucco works, pottery, and votive tablets are further discovered

Source: Review of literatures and excavation reports by the authors, 2012
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2016, the place was first successfully introducedin
the Buddhist tourism map of the country. It is
noteworthy to mention that on the day of the festival
(i.e. 24" January, 2016) in which Buddhist monks from
all over the country were gathered at Moghalmari for
special prayers, about 40 artifacts dating back to 5%
and 6" centuries had been unearthed by the effort of
the Archaeology Department, Govt. of West Bengal
(Khanra and Pandey, 2016).Undoubtedly such
coincidence boosted the glory of the place as a
potential Buddhist tourism destination.

Among the sites in the periphery of the ruins of the
Moghalmari monastic complex, Satdeula (the name
derived probably from presence of seven deuls) is
another archaeo-tourism site. According to folklore,
the Pala king Dharmapala (770-810 AD)visited this
place and his presence could have been linked with
rejuvenation or reconstruction of the Buddhist
establishments in the region.Archaeological
investigations revealedthat the rebuilding of the
monasterial complex took place in the 9% century for
the second time after its 6™ century construction
phase.Dharmapala and his son Devpala (810-847 AD)
were very famous for their patronage to the Buddhist
monasteries of eastern India and Sribandak Mahabihar,
one of the oldest monastery in their kingdom could
not be deprived from their aids and supervisions.
Satdeula, only 7 km from Moghalmari is famous for its
archaeological remains said to be built by
Dharmapala,who married the granddaughter of
Dhruba, the king of Biratgarh. Some historians
however identified this Dharmapala as the regional
ruler of Dandabhukti, who dug a pond (nearly 7 acres
surface area at present) in the east side of the village
for the benefit of people. It was named Dharmasagar
after him. The nearby conspicuous Sharasanka Dighi
was probably named after Sarasanka Deva of Ganga
dynasty who ruled over present Odisha. It is the largest
pond of the state covering 117 acres 35 decimals of
area that could be used for diversified water centric
recreational purposes. According to legend on its
antiquity, the digging of this water body was initiated
by King Ashoka (273-236 BC), while Shashanka in the
7% century had further dug it and thus by the effort of
a number of kings in different epoch, such a huge
waterbody came into existence. A few kilometers of
its west, there is another pond named Bidyadhar
(surface area 21 acres 30 decimals) named after
Bidyadhar, who was a minister of 12th century Odisha
king. The territory was under Odisha kingdom after
the end of the Pala rule in eastern India.According to
atale, this waterbody was connected with Sharasanka

Dighi by an underground tunnel (Ghosh and Mahapatra,
2016). All such water bodies offer immense
potentialities to develop recreational tourism
coatedwith historical flavor.

Hiuen-Tsang wrote a vivid description of
Karnasubarna. Archaeological excavations in the early
1960s unearthed the Buddhist monastic complex but
the excavated ruins still lie in total neglect from
heritage tourism development point of view (instead
it is located only 15 km far from the modern town
Berhampore) situated in the left bank of the river
Bhagirathi (Fig-3).It is noteworthy in this context that
this monastery was also affected due to multiple
flooding and shifting of the Bhagirathi River after the
8" century (Majumdar, 2019).1t is because of the
favourable location in the interfluve of Punarbhaba
river and Tangan riverthe Jagjivanpur monastery was
the least affected from such flooding. In North Bengal,
vagaries of Punarbhaba are responsible for the decay
of Devikot and Bangrah Archaeological complex.

As the Buddhistswere subject of slaughtering by the
Muslim rulers, any renovation of Buddhist complex
after 12 century in Bengal was absent. Either they
turned into mounds with time or converted into
shrines of other religions.For the ruins of
Subarnabehar (the name of a mouza at present that
supposed to acquire its name from a bihar i.e.
monastery), clear evidences of the course change of
Jalangi river could be traced from satellite images
(Fig.4). An Archaeological monument preserved under
the supervision of Archaeological Survey of India
named Ballaldhipi (after the name of Ballal Sen, the
most powerful king of Sena dynasty in Bengal) is about
5 km from the site of the lost Subarnabehar. According
to the archaeologists, a Hindu temple-palace structure
was imposed on the base of a 9" century structure. In
the 9* century, the region was under the Buddhist
Pala rule and the Hindu Sena dynasty has taken over
the monarchy from them in the 11% century after which
this structure was probably rebuilt.It previously might
be a Buddhist monasterial complex as seems from its
fortified boundary and internal structural
arrangements (Roy, 1997). Ballal Dhipi is therefore a
suitable site in the proposed Buddhist tourism circuit
particularly when it is not possible to incorporate
Subarnabehar.

There is a Hindu temple in Subarnabehar Mouza
dedicated to Lord Nrisinha, an incarnation of Lord
Vishnu. From the sculpture, it appears that it was
probably a Buddhist Tantric deity of Subarnabehar and
came under the fold of Hinduism with the fall of
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Fig. 3: Impact of river shifting on Karnasubarna
(Map prepared by the authors)

Buddhism in Bengal. The large waterbody in the
vicinity of the temple is the evidence of the past course
of Jalangi that destroyed the monastery. A flow path
of the paleo-channel is still prominent in the field.
The Alakananda bill in the confluence of this past
course of Jalangi with the Bhagirathi where
Krishnachandra, the legendary king of Krishnagar built
aretreat in the year 1776 named Gangabas (literarlly
meaning an abode on the Ganga) might be the river
coursethat destroyed Subarnabehar. The detailed
microlevel geomorphological studies made by Basu
(1976) and Sarkar (2002) vividly explain the river
dynamics of the area which strengthens the
observation on the past role of the river in the
destruction of one of the stupendous monasterial
complex of ancient Bengal. A devastating earthquake
took place in the region in 1762 A.D.( Mukhopadhyay,
2009) and the lineament passing through the region
(Chakrabarti& Nag, 2015) is the key in understanding
the river dynamics and landscape change experienced
by the region.The paleochannels have been widely
accepted as historic evidence of changing drainage
pattern in Ganga —Bhagirathi river system as revealed
from the application of Remote sensing technology
(Chakrabarti et. al., 2001)

Sensitivity is prerequisite in developing Buddhist
tourism sites because of concern over commodification

IMPACT OF RIVER SHIFTING ON SUBARNABEHAR j,\' -
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Fig. 4: Impact of river shifting on Subarnabehar
(Map prepared by the authors)

and negativity affecting the spiritual dimension of
certain sites (Hall, 2006). Fortunately for the sites
under discussions, it is not a problem because worship
had been discontinued in remote past. They are rather
classified as secondary sites concerning education and
festivities ofthe Buddhist pilgrims who undertake
travel as the expression of reverence to the history of
their religion. Such travel is designated as pilgrimage
tourism which is intermediate between religious
tourism and pure pilgrimage, thereby demands a
better understanding of the Buddhist heritage in
terms of history, culture and aesthetics.

If the following measures would be adopted, it will
gradually develop the excavated Buddhist monastic
complexes suitable for promoting sustainable
Buddhist tourism

. Beautification around the excavation sites with
provision of amenities and facilities for satisfying
visitors (as demanded by 97 percent respondents
not being satisfied with the present state of
affairs).

II.  Development of Archaeological museum near the
site preferably preserving the sculptures and
artifacts found during excavation (the present
status is described unsatisfactory during
interview by 75% visitors of Moghalmari who
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simultaneously have praised the effort of local
club for display of some excavated items in their
premise. In Jagjivanpur no such museum is
present as well as in other three places generating
utter dissatisfaction of tourists.

IIl.  Train the local youth to serve as guide narrating
the folklores associated with the site as well as
explaining the historical and Archaeological
significance of the monastery in order to generate
more interest among the heritage tourists.

IV.  Launch the archaeo-religious sites through virtual
tourism platform especially for the Buddhist
dominated countries as it is a modern mode of
tourism marketing whichis information
technology based and constantly growing as well
as acting as means to mitigate the adverse
consequences of mass tourism (Voronokova,
2018). The advanced technical capacity of fifth
generation (5G) network may provide the better
opportunity to experience the feeling of visit
without reaching the site and thereby virtual
reality could be used for advertising the Buddhist
heritage places to obtain the advantages of the
growing digital economy.

V. Provision of adequate security with the
installation of modern security measures in the
sites by employing civic police from local youth,
who could be designated as Tourist Police.

Destination image is vital for Buddhist tourism and it
is essential to develop comprehensive planning and
management system so that allegation on
commodification of Buddhist culture could be avoided.
The idea of pilgrimage to spiritual centres which is
intrinsic in nature was introduced by Lord Buddha
himself(Singh and Rana, 201 1). The monastery tourism
has to serve both the demand of the Buddhists and
the demand of secular tourists attracted for Buddhist
culture and heritage for which a careful handling and
sensitive planning is necessary (Asraf, 2005). This
study is a contribution in such planning process with
its retrogressive, retrospective and prospective
approaches.

Conclusion:

Pilgrimage for the Buddhists is described as physical
movement symbolic of inner spiritual journeys and
Buddhist tourism might be effective as a sustainable
activity only when environmental damage and
commercialization of the spiritual experiences could
be avoided by implementation of inclusive planning

measures.Excavated Buddhist sites are icons of
identity and pride in the context of the past civilization
of Bengal. Heritage is that part of the past given special
emphasis in the present for contemporary purposes
such as cultural, economic or social (Graham, et.al,
2000). Buddhist tourism could serve such purposes
for whichsustainable planning is essential
incorporating environmental, economic and socio-
cultural issues.The Buddhist monasteries like
Moghalmariin West Bengal may invariably attract large
number of visitors generating both income and
employment. If commodification and
commercialization of heritage is required to boost
the arrival for the interest of local and national
economies, it must be done with maximum level of
sensitivity and care (Aplin, 2002). For sustainable
marketing of the Buddhist monastic complexes of
West Bengal, it is essential to concentrate on
introducing the scope for appreciation of intangible
heritages of Buddhist culture on the platform of
tangible structures. There is huge scope in
experimenting with different forms of dance-
dramacomprising diverse dimensions of Buddhist folk
heritageonce persisted in Bengal. Inclusive technology
driven space management and a wisersite
sustainability surveillance may ensurethe bright
futureof Buddhist tourism in and around the excavated
Buddhist sites for which acommunity oriented
integrated heritage tourism planning is the additional
necessity.
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Introduction: Impaired functioning, distress, and/or poor health can arise from maladjustment, which is
caused by inadequate responses to demands that can happen at any point in a person’s life. Maladaptive
processes are those that lead to bad results, such as particular behaviours, ways of thinking, or emotions,
and maladjustment is the end result of these processes.

Many different situations, including social, psychological, and biological ones, make use of the words
maladjustment and maladaptive. A person's difficulties in forming and maintaining relationships,
particularly with their peers, are at the heart of social inaladjustment. When people are slill learning how
to fit in with their peers and deal with interpersonal conflicts, they are more likely to exhibit maladaptive
behaviours in this area. During this time, kids encounter shifting social and educational environments.
Peer rejection can result from aggressive or rough play. among other maladaptive behaviours, exhibited
by children who struggle to adapt to these new situations (Ladd & Price, 1987).

In the field of psychology. the words maladjustment and maladaptive can also mean a person’s level of
emotional regulation. Emotions usually have an adaptive role in how people engage with their
surroundings. Therefore, a lack of capacity to react suitably to the ever-changing needs of a particular
circumstance, or high levels of "emotional inertia" (Kuppens, Allen, & Sheeber, 2010), may characterize

psychological maladjustment.

Significance of the Study:

The significance of studying maladjustment, focusing on its causes, consequences, and interventions, lies
in its profound impact on individuals, families, and society as a whole. By addressing these aspects
comprehensively, the study aims to enhance understanding, improve treatment outcomes, and promole
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Pedagogical Approaches in the Light
of National Education Policy 2020

Dr. Bhabesh Pramanik
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Abstract Keywords:  NEP 2020,
The National Education Policy (NEP) 2020 represents a creativity, multidisciplinary
landmark reform initiative aimed at transforming the Indian | education. teaching and

education system. The National Education Policy (NEP) 2020 | learning, pedagogy, creativity.
introduced by the Government of India marks a significant
departure from traditional educational frameworks, aiming to
transform the landscape of teaching and learning across schools
and higher education institutions. This research article explores
the pedagogical approaches advocated by NEP 2020, analyzing
their implications for teaching and learning practices in schools
and higher education institutions. By examining key policy
recommendations and their potential impacts, this study aims to
provide insights into how educators can adapt and innovate
pedagogically to foster holistic development and prepare
students for the challenges of the 21st century. The pedagogical
approaches outlined in NEP 2020 represent a paradigm shift
towards inclusive, flexible, and quality education. By
reimagining teaching and learning practices, embracing
technological —advancements, and prioritizing  holistic
development, India can aspire 1o achieve educational
excellence and equity for all learners.

Introduction:

A new approach to education that is both comprehensive and interdisciplinary has been proposed by
the Indian government in their National Education Policy (NEP) 2020. To foster students' critical
thinking, creativity, and problem-solving abilities, it stresses the need of rethinking educational
procedures. The pedagogical concepts and methodologies presented in NEP 2020 are the subject of
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Introduction: “In India the tribes form a significant section of the populztion mainly beczusz of %0
factors:{z) they constitute 8.14% of the w1z} population, numbering £.45.11.216 persons (2001 census)
and (bj they have distinct cultures, dialects and economic pursuils in differsm ecolozical semings.
Since independence they have been incessantly drawing the atiention of policy mzkers beczuse of their
geographical isolation. backwardness, shyness of contact, primitive 1raits etc. Since the 16th cenmury.
tse tribes have been perceived as sub-humans who live under primitive conditions™(Xzxa, 2005)
“Ancient Indian texts and historical documents describe them zs dasyus, daiivas, rzksbasas and
nishads. Moreover, in the sociological and anthropological literatures this community has been
described by various nomenclatures such 2s zbongines/aboriginals (Risley 1903.. Elwin 1944),
submerged humanity (Das & Das 1955) and backward Hindus™. (Ghurye 1963) But these people have
been conceptualized as Scheduled Tribes under anticle 342 of Indian constinution.

Scheduled tribes are defined under Article 366(25) of the Indian Constitution as those groups thai are
designated as such in Article 342 of the Constitution. Any tribe, tribal community, or subset thereof
that the President, by public notice, has designated 25 2 Scheduled Tribe is considered w be 2 "Trbe”
under Article 342 of the Constitution. All states except Haryana. Punjab, Chandigarh. and Dzlhi have
Scqeduled Tribe populations, as shown in the 2001 Census. A group of people reside in a cenaim arez
along the Himalayzs, which siretches from the western states of Jammu & Kashmir. Himachal
Pradesh. and Utirakhand to the northeastem states of Assam, Meghalaya. Tnpura. Arunachal Pracdesh.
Mizoram, Manipur, and Nagaland. Orissa, Madhya Pradesh, Chhattisgarh. 2nd. 1o a lesser degree.
Andhra Pradesh are hill states in centrzl India where there is another concentration. Jharkhand and
West Bengal are also home 1o indigenous peoples.
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A Comparative Study on the Educational Barriers of Tribal Girls
Students at Secondary and Higher Secondary Level

Dr. Bhabesh Pramuanik
Principal, Dumkal College, Murshidabad

Abstract Keywords: Higher
The present study aims 1o find out the educational problems of | Secondary. Tribal Girls
tribal girls students at secondary and higher secondary level. In | Students,  Society.  Primary
terms of school location. medium. and kind. it has also | Education. National

attempted 10 compare the educational issue at the secondary and | Development.
higher secondary levels. The researcher has used a combination
of primarv and secondary sources to accomplish this. The
prunary data was gathered via the use of a validated structured
questionnaire. Books, journals, and other secondary sources
were used in order to compile this data. The study’s findings
indicate that indigenous girls' educational challenges at the
secondary and upper secondary levels are similar. To sum up.
tribal female students encounter a wide range of challenges that
make it impossible for them to study or advance in their studies.
In addition to seeing education as a liberating force, we must
work to eliminate barmers that prevent women from gaining
access to lugh-guality. universal education.

Introduction:

Reforming and transforming society is best accomplished via education. Because it serves as a
foundation for growth. education is a crucial component of nauonal development. The country’s
educational system as a whole will always have a higher secondary education component. It connects
elementary and secondary schools. (Majumdar,& Sikdar, 2017). While secondary school broadens
one's horizons, primary education teaches one the fundamentals of life and paves the way to further
study. For historically oppressed groups including religious and linguistic minorities. as well as those
from tribal backgrounds, it is crucial in improving their socioeconomic status and raising their
knowledge of the need of self-governance. For increased access and engagement. females seek out
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