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FOREWARD
Dr. Sobhan Niyogi
Associate Professor and Officer in Charge
Krishnagar Government College

It gives me immense pleasure to announce that volume VIII of Conscientia, the
academic journal of Krishnagar Government College is being published. Over the
past 176 years- ever since the days of the East India Company rule to the present,
this college has uninterruptedly carried forward the legacy of quality education
in India. Today about 3,500 students enjoy the privilege of using and sharing
the same abode of learning that greats such as D.L.Roy, Umesh Dutta, Jadunath
Mukherjee, Jadunath Bhattacharjee, Lalit Kumar Banerjee, Satish Chandra Dey and
a host of others have used in bygone decades. Teachers deliver lectures from the
podium which had once been used by stalwarts like Pandit Madan Mohan Tarkalankar,
Babu Ramtanu Lahiri, Suresh Chandra Sengupta and many other names remembered with
reverence. I personally feel honoured at obtaining the opportunity to further
promote the excellence of this heritage institution, which has witnessed more than
70 eminent Principals (like Roy Bahadur Jyoti Bhusan Bhaduri, Satish Chandra Dey,
J.M. Sen and several others) over the course of its 176-year old history thus far.
In less than the last ten years this College has secured A grade twice in NAAC
evaluation and very recently the University of Kalyani has declared this College
as the Best Performing College of Nadia District. The faculty members of the
College have been contributing significantly in academic research through regular
publications at various levels.

Conscientia, the interdisciplinary journal of research findings launched by our
College in 2011 strives to publish high quality articles, since the time of its
inception. This journal is an interdisciplinary and multilingual publication and
articles include scientific research findings, socially relevant issues as well
as literary contributions from the various Humanities Departments. This volume is
expected to evoke interest among myriad groups of readers, who will hopefully find
the articles academically enriching and stimulants for intellectual discourse.

I wish to thank all the contributors from various Higher Educational Institutions
for their submissions, the Editorial Board Members from our College, the Advisory
Board Members from various well known Universities and Institutes of West Bengal
and India for their active role for the publication of this particular volume.
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Hydrothermal Synthesis and Structural Characterization of Novel
Iron-bipyridyl Hybrid Keggin Polyoxometalates

Rajarshi Chatterjee *

Abstract

Hybrid organic-inorganic materials are pulling major attention due to their potential to gener-
ate unusual structures and properties by combining the features of the organic and inorganic
components. Among them, hybrid materials containing polyoxometalates (POMs) have shown
fascinating electronic, optical, magnetic and catalytic properties. However, little work has
been done on the synthesis of hybrid organic-inorganic materials containing POMs and iron
complexes. Transition metal complexes such as iron (II) polypyridyl complexes have been
extensively studied for their applications as photo luminescent compounds and sensitizers in
the interconversion of light and chemical energy. Particularly, the tris-(2,2’-bipyridine) iron(II)
complex [Fe(2,2”-bipy)3]*" is the most widely studied transition metal complex which is capable
of splitting water under visible light. In this research, the objective is to study the combination
of iron polypyridyl complexes and Keggin polyoxometalate anions through different ways such
as coordination bonds, hydrogen bonds and ionic bonds to form hybrid organic-inorganic solids.

Keywords

Polyoxometalates, Solvothermal synthesis, Organic-inorganic hybrid

Introduction

Hybrid organic-inorganic materials are prepared by combining organic and inorganic building
blocks [1]. They are attracting increasing interest as a creative alternative for obtaining new
materials with tailored structures and properties [2]. These new hybrid materials have a large
variety of applications such as sensors, selective membranes, all sorts of electrochemical devices,
from actuators to batteries or super capacitors, supported catalysts or photoelectrochemical en-
ergy conversion cells [3-4]. Here polyoxometalate is the inorganic fragment of organic-inorganic
hybrid POM. Derivatization of POMs with organic partners, including synthetic molecules via
covalent bonding as well as electrostatic interaction is expected to result in a synergetic effect
and endow novel functions to the POM hybrid [5]. Moreover, the conjugation of an organic
ligand onto the POMs offers additional advantages, such as better stability and desirable lig-
and orientation [6]. It is well known that polyoxometalates (POMs) are early-transition metal

* Assistant Professor, Department of Chemistry, Bidhannagar College, Saltlake, Kolkata-64
Email: rajuchacha.2009@gmail.com
Received: 09 May 2020 / Accepted: 02 September 2020



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

oxygen anion clusters of well-defined structure and distinct sizes. Intriguingly, many elements
could be easily incorporated in to the POM frameworks, giving rise to fascinating structural
versatility and rich properties. It is therefore not surprising that POMs have broad applications
in various fields including material science. The most noticeable advantage of inorganic-organic
hybrid POM is that they can favorably combine the often dissimilar properties of organic and
inorganic components in one material. In addition, their biphasic structures lead to create
multifunctional materials. For example, inorganic clusters or nanoparticles with specific op-
tical, electronic or magnetic properties can be incorporated in organic polymer matrices [7].
The properties of hybrid materials are not only the sum of the individual contributions of both
phases, but the role of their inner interfaces could be predominant [8]. The nature of the bonds
between organic and inorganic phases has been used to divide into two distinct classes. In
Class I, organic and inorganic components are embedded by weak interphase bonding. Only
electrostatic interactions, hydrogen bonds, or van der Waals interactions are involved. In Class
IT materials, the organic and inorganic moieties are linked together through strong chemical
covalent or iono-covalent bonds [9]. The major challenge to synthesize organic-inorganic hybrid
materials is to keep or enhance the best properties of each of the components while eliminating
or reducing their particular limitations. Recently, ruthenium heterocyclic ligand complex-based
building blocks have been used for the synthesis of hybrid organic-inorganic solids through the
self-assembly. We are interested in the hydrothermal synthesis of iron-polypyridyl complexes
and Keggin polyoxometalate anions through different ways such as coordination bonds, hy-
drogen bonds and ionic bonds to form hybrid organic-inorganic solids. We did choose iron as
it is like ruthenium, one of the congeners of same d® family. Many procedures can be fore-
seen to fabricate POM-based hybrid materials, but solvothermal synthesis of hybrid POM is
a novel method till date. Here, we report novel hybrid organic-inorganic compound [Fe(2,2’-
bipy)s]a[SiW12040] which is synthesized under hydrothermal reaction method. The complex
is characterized by elemental analysis, UV-vis spectroscopy, thermogravimetric analysis, IR
spectroscopy and Single crystal X-ray diffraction.

Experimental

Materials and methods

Sodium nonatungstosilicate, Najo[a-SiWgOs4], was prepared according to the reported method
[10] and was recrystallized three times from triply distilled water before use. Chemicals were
readily available from commercial sources and were used as received without further purifica-

tion. FeCly (AR Loba, India), 2,2’-bipyridine (Merck, India), and HySO, (Merck, India) were
of reagent grade and used as received. Deionized water was used as the solvent.

Synthesis of tris-(2,2’-bipyridyl) iron(II) silicotungstate [Fe(2,2’-bipy)s]2[SiW12040]
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The complex was synthesized hydrothermally from a mixture of ferrous chloride FeCly, 2,2’-
bipyridine powder, Najo[a-SiWgOs4] and de-ionized water. The pH of the resulting mixture
was adjusted with 0.5 mL of 1M H,SO,4 to approximately 2. As expected, control of the pH of
the reaction mixture is critical for the crystallization of compound 1. It can be crystallized in a
narrow pH at around 2 and in a temperature range of 130-150°C. The detailed procedure is as
follows: Najo[a-SiWgOs4] (0.614 g, 0.25 mmol) was dissolved in hot water (20 ml). Then solid
FeCl, (0.158 g, 1.25 mmol) was added to the solution. The mixture was heated with stirring for
30 minutes. 2,2-Bipy (0.078 g, 0.5 mmol) was then added with constant stirring. The resulting
solution was stirred at 80°C for another 30 minutes. The mixture was then transferred with
subsequent pH adjustment into a Teflon jacket stainless steel pressure vessel and kept in an
oven at 160°C for 5 days under autogenous pressure. The solution was cooled by decreasing the
temperature at a regular interval of 5°C over 1 day. The resulting dark red rhombic crystals
of [Fe(2,2’-bipy)s|2[SiW12049] were filtered off, washed with water, and dried at room temper-
ature. Yield: 55% (based on Fe). Elemental analysis: calculated for CgoHygN12040FeaSiWis:
C, 17.95; H, 1.21; N, 4.19; found: C, 16.85; H, 1.03; N, 3.73%.

Physical measurements

The composition of the starting material (NalO[-SiW9034] ) and the final polyoxo product
[Fe(2,2 -bipy)s]a [SiW12049] ) with respect to the atom% of W and Si were estimated by SEM-
EDX method and found to be 9:1 and 12:1 respectively. Elemental analyses were carried out
using a Perkin-Elmer 240 elemental analyzer. Spectral measurements were made in a Var-
ian Cary 1E UV-visible spectrophotometer with 1.00 cm glass cells. IR (400-4000 cm™) was
recorded in KBr pellets on a Nicolet Magna IR 750 series-II FTIR spectrophotometer.

Crystal data collection and refinement

For better structural elucidation, both powder and single crystal XRD were done. Powder
XRD patterns were obtained by Bruker D8 advance diffractometer with monochromatic CuKa
(A = 1.5418 A) with step size of 0.02° 5!, whereas X-ray diffraction data for compound 1 were
collected on a Bruker Kappa Apex II CCD diffractometer with graphite monochromated Mo
K radiation (A=0.71073A) at 293 K. The structures were solved by the direct methods and
refined by full-matrix least squares on F2 using the SHELXTL-97 software. The hydrogen
atoms were treated as riding on their parent carbon atoms with d(C-H)= 0.93-0.95A and Uj,=
1.2Ueqv(C). All the non-hydrogen atoms were refined anisotropically. A summary of crystal
data and relevant refinement parameters for complexlare given below in Tablel and selected
bond distances are given in Table 2. Molecular graphics were prepared with the aid of WinGx
[11] packages.

Table 1: crystal data and relevant refinement parameters
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’ Crystal Data and details of structure refinements for complex 1. ‘
Empirical formula CgoHQ4F€N602()SiO.50W6 (1)
Formula weight 1960
Crystal system Triclinic
Space group P-1(2)
a, b, ¢ (A) 13.160(14),14.750(16), 21.85(2)
a, 3,7 (°) 90, 94.269(10), 90
Volume (A?) 4230(8)
Z 4
Density (calculated) Mg/m? 3.079
Absorption coefficient mm™ 16.6
No of observed data 23196
Independent reflections 7775[Ring=0.088]
Data / restraints / parameters 7775/ 0/592
Goodness-of-fit on F? 1.190
Final R indices [I>2sigma(I)] Ry =0.0706, wR, = 0.1512
Final R indices (all data) R; = 0.0865, wRy = 0.1583
Largest diff peak and hole (e.A™3) 2.034 and —3.662

Compound 1 crystallizes in the triclinic space group P-1. The structure of complex1 consists of
Keggin cluster anion [SiW;5049]* and charge balancing cation [Fe(2,2-bipy)s]**. At the center
of the [SiW12040]4’ anion, the SiO4 tetrahedron is disordered over two positions related by an
inversion center at the site of Si atom (Si-O distances are in the range of 1.46(1) -1.77(1) A).
The classic [SiW12049]* Keggin cluster ion consists of twelve WO octahedra with the three
types of W—0O bond lengths in normal range [12]. As usual, the W-O bond lengths decrease
with the decreasing coordination number of the oxygen atom,with values averaging 2.389(2)A
for four coordination (O,4),1.869(7) A for two coordination (Oyg)and1.644(4) A for the terminal
oxygen atoms (Oy) (Table-2). Bond valence sum calculations indicate all W atoms have the
oxidation number 6*. From the variations of Si-O, W-O distances and the bond angles around
the Si and W atoms it is evident that there is considerable distortion in the SiO4 tetrahedra
and WOg octahedra in the complexes.This is consistent with structural features of polyoxo-
tungstates exhibiting Keggin structures. Even though there are no “classical hydrogen bonds”
between the [Fe(2,2-bpy)s]?t cations and the Keggin ion [SiW5040]* anion in compound 1,
there are several CH...O contacts in the range 2.28-2.60 A between these units (Table 3). These
interactions involve both terminal and bridged oxo groups of Keggin ions. Each [SiW1504]*
anion is hydrogen bonded to eight [Fe(2,2’-bpy)s]?" cations, and in turn each [Fe(2,2’-bpy)s]**
cation is hydrogen bonded to four [SiW12040]4- anions to form a three-dimensional network.
The unit cell depicts the one formula unit of the complex where two [Fe(2,2-bpy)s]?* cations
counter balance the large [SiW;3049]* polyanion as mentioned in ortep view of the complex
(Figla). Besides, pictorial representation of packing diagram with ball and stick model and
overall hydrogen bonded molecular structure are also given below (Figlb,1c) for better under-

10
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Table 3. Atomic distance (A) and angles (°) of Opon ---

Table 2: List of bond distances in complex 1

W-O, 1.626(5)—1.664(1)
W-O,, | 1.767(8) —1.971(6)
W-O,; | 2.191(5) —2.586(6)
Si-0 1.464(7) —1.766(5)
Fe(1) - N(1) 2.32(4)
Fe(1) - N(2) 2.25(4)
Fe(1)- N(3) 2.36(8)
Fe(1) — N(4) 2.21(3)
Fe(1) - N(5) 2.18(2)
Fe(1) — N(6) 2.23(1)

H,,. interactions in the
crystal structure of compound 1.

Donor..H..Acceptor | d(D..H) | d(H..A) | d(D..A) | £ DHA
CO).H(©).0(2) | 094 | 260 | 3.34(5) | 137
C20).H(24).0(5) | 093 | 228 | 31905 | 165°
C(27).H(27).0(22) | 093 | 241 | 3.26(5) | 153°
C(31).H(31).0(12) | 003 | 253 | 3.38(7) | 153°
S
os \\n/“‘ r>

. | [SiW1204] "
[Fe(2.2"-bipy)s]**

Fig.1a.
bipy) 3] 2 [SiW12 040]

Combined ball-stick and Ortep view of one formula unit of [Fe(2,2 -
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Fig.1b. Packing diagram of combined polyhedral and ball and stick model of
[Fe(2,2 -bipy)s]2[SiW12040] viewed along a-axis.

[SiW1204] [Fe(2.2"-bipy)s]'"

Fig. 1c.The [Fe (2,2-bipy)s3]?>* cation linked to[SiW;2040]* anions through hydro-
gen bonding.

The phase purity of compound 1 was confirmed by comparing the powder X-ray diffraction
(PXRD) patterns of the pristine sample and the simulated pattern from the crystal structure.
Purity of compound 1 was confirmed based on the basis of agreement of their PXRD diffraction
patterns and the simulated patterns. (Fig.2)

12
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[Fe(2,2°-bpy)s]2[SiW1,04]

=
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N ]15‘!." \ g g
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Fig.2.The powder X-ray diffraction patterns (blue line, a) and the simulated pat-
terns (red line, b) of compound 1

Results and discussion
Vibrational and UV-vis spectra

For better reasoning of IR spectral values, Keggin anion [SiW5040]* needs a further eluci-
dation. The oxygen atoms in the Keggin fragment of complex 1 can be classified into three
groups i.e. the unshared or terminal O atoms ‘Oy’, the bridging O atoms (Oy,) connecting two
W atoms, and the O atoms (O,.) of the central SiO, moiety. The IR spectra of the compound
(1) gives the characteristic peaks of Keggin anion at 930, 893, 798, and 703 cm™ which are
attributed to v(W-0y), v(Si-0O,), v(W-0Oy,) and v(W-O,) respectively. The higher energies for
the W-O and Si-O stretches are consistent with a strong interaction existing between POM
anion with iron-bipyridyl cationic complex. This hybrid complex also exhibits a band about
3200 cm™, which is the characteristic absorption of aromatic C—H stretch vibration of the
2,2’-bipyridine ligand. In addition, bands at 1587, 1470, 1397 and 1265 cm™ are assigned to
characteristic vibrations of 2,2’-bipydine. The bands at 1105, 1020 and 990 cm™ can be ascribed
to the vibration of Si-O. The bands at 893 and 798 cm™ are ascribed to the vibration of W=0
and W-O-W, respectively. The bands at 1640, 1587, 1397 and 1265 cm™ can specifically be
assigned to the bending vibrations of OH, CH, NH, or the ring stretching frequency of the bipy

13
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ligands. The peaks near 3500 cm™ are ascribed to the stretching vibration of v(O-H) which
indicates the presence of lattice water (Fig-3). The optical absorption spectrum of compound
1 was characterized by a broad band in the visible domain around 445 nm and a band peak-
ing at 270 nm. The visible absorption band is attributed to a metal-to-ligand charge transfer
(MLCT) transition in which an electron located in a metal-based d orbital is promoted into
a ligand-centered 7* orbital [13]. The UV absorption band corresponds to a ligand-centered
m — 7 transition of 2,2’-bpy ligand, which is overlapped with the band of ligand-to-metal
charge-transfer (LMCT) transitions for W(VI) (O—=W).

sS

as

5 l

1470 | 1265
30 1977 1587

%Y

1397

1830

15 1640

03

3600 3200 2800 2300 2000 1800 1600 1300 1200 1000 200 600 40

Fig.3. FTIR spectrum of complex 1, taken as KBr pellet

Thermo gravimetric analysis

The thermal stability of compounds 1 was investigated on powder samples in an air atmo-
sphere in the temperature range 30-700°C. The TG plot (Fig-4) of compound 1 shows a weight
loss of 1.25% from 30 to 200°C, which is attributed to the loss of adsorbed moisture. The
weight loss of 23 to 24% in the temperature range 250-600°C corresponds to the decomposition
of 2,2’-bpy ligand molecules (calculated 23.14%).

14
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105

100 H

Weight %

30 130 230 330 430 530 630
Temperature (°C)

Fig.4. Thermo gravimetric analysis and weight loss profile of complex 1

Conclusion

In summary, a new inorganic-organic hybrid based on the Keggin ion [SiW;5040]* was pre-
pared hydrothermally. In this research paper, the synthesis, structure and properties of hybrid
solid materials containing iron-bipyridyl complex and polyoxometalate anion have been de-
scribed. Till date, Mn and Cu-bipyridyl hybrid POM have been successfully synthesized and
characterized [14]. The successful isolation of compound 1 demonstrates that the hydrothermal
method can also be used for the incorporation of a stable cationic complex like Fe (II)-bipyridyl
into solid compounds through an electrostatic interaction to form hybrid materials. The non-
covalent interactions play an important role in the assembly of the building blocks into solids
which in turn direct the arrangement of these building units in the 3D space and the formation
of 3D structures. There is an increasing interest and need to develop a deeper understand-
ing of the 3D nature and behavior of organic-inorganic hybrid in chemistry. This is driven
by the increased use of engineered hybrid POM and the increased pressure to commercialize
this growing technology. Chatterjee et al [15] in this regard tried new crystal engineering in
accordance to POM chemistry. Keeping in mind the greener side of technology, in this research
article, we want to emphasize on a new synthetic methodology of the basic one-pot synthesis
of polyoxometalate via acid condensation reaction. In short, we have successfully constructed
organic—inorganic hybrid by grafting POM with a metal-organic frame work.

Acknowledgments: The author is grateful to the reviewer of this research article who’s valu-
able and critical suggestions have rendered this paper more substantial, pinpointed and better
understanding.
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The Development of Ligand Design for the Activation of
Low-Reactive C-Cl bond during Palladium Catalyzed Coupling
Reaction

Debajyoti Saha *

Abstract: Ligand environment around palladium has a strong impact on the efficacy of palla-
dium catalyzed coupling reactions. Design of new ligands has been a constant pursuit for several
research groups primarily to enable abundantly available and inexpensive, yet highly reluctant,
chloroarenes to participate in coupling reactions. In recent years, several research groups have
developed new ligands to overcome these challenges. However, very few definite correlations
between ligand structure and reactivity exist to aid such a design, except that alkylphosphines
are superior to arylphosphines in general and NHCs as ligand permit reactions under mild
conditions. This review summarizes the recent advances in ligand design for the activation of
aryl chlorides during palladium catalyzed coupling reaction. We divide our discussion in three
categories — Palladium catalysts supported by bulky and electron-rich alkylphosphine ligands,
Palladium catalysts supported by bulky N-heterocyclic carbenes and palladium catalysts sup-
ported by sterically-demanding triarylphosphine ligands. Special emphasis has been given to
different catalytic activation modes that enable the construction of challenging carbon-carbon
and carbon-heteroatom bond. A brief analysis of substrate scope and limitation as well as
reaction mechanism of these reactions has been included.

Keywords: Ligand design, Palladium, Aryl chlorides, Catalysis, Cross-Coupling

1. Introduction

The element carbon has a fantastic ability to form strong bonds to other carbon atoms
and to other elements such as hydrogen, oxygen, chlorine and sulphur. A carbon atom can
bind other atoms with single, double or triple bonds and form chains, branched structures and
rings of different forms and sizes. This area of chemistry is called organic chemistry, since all
life on earth is based on the versatility of carbon. Common to all molecules in living organism,
so called organic molecules, is the fact that they consist of a more or less complex skeleton of
carbon atoms. Carbon-Carbon bonds are the basis of the chemistry of life itself and its impor-
tance to chemistry is well illustrated by the fact that the subject matter has now been rewarded
with a total of five noble prizes — Grignard reaction (1912), Diels-Alder reaction (1950), Wittig
reaction (1979), Alkene metathesis (2005) and cross-coupling reaction (2010).

The palladium-catalyzed cross-coupling reaction is versatile since it allows a desired carbon-
carbon or carbon-heteroatom bond formation under mild condition without affecting most of
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other functional groups and with very high selectivity. This explains their ready adaptation in
the synthesis of highly complex molecules. A large number of monographs and review articles
have documented the increasing popularity of palladium catalyzed cross-coupling process for a
wide array of applications, ranging from synthetic organic chemistry to material science!. The
various types of C-C cross coupling reaction are outlined in Figure 1.

R1 RZ
M

R1 R2

Suzuki-Miyaura B(OH),
Stille SnR,
Hiyama Si(OR);

RL@—X + H—R? RL@%R’
R?
Heck R1OX y Z R —— » w@f

Figure 1. Various types of C-C Cross-Coupling reaction

Sonogashira

In synthetic laboratory, the catalyst systems that are typically employed are ubiquitous
[Pd(PPhs),] or related catalyst formed in situ from a triarylphosphine and an appropriate
Pd(0) or Pd(II) precursor., In the later case, the palladium is reduced in situ to give a Pd(0)
active species. Unfortunately, whilst useful in promoting coupling of aryl bromides and aryl
iodides, these ‘classical’ catalysts systems suffer from two major limitations. Generally, they
need to be used in high loading — typically a few mol% Pd and they show little or no activity
with more challenging aryl chloride substrates which is cheap and readily available than corre-
sponding bromide and iodide analogs. Low reactivity of chloroarenes is attributed to high C-CI
bond strength compared with C-Br and C-I bond [C-Cl (95 KCal/mol) > C-Br (79 KCal/mol)
> C-1 (64 KCal/mol)] that disfavors oxidative addition step which is believed to be the rate
determining step in most of the cases.

The challenge of overcoming the lack of reactivity of chloroarenes has been addressed by
several groups by innovative ligand design®. Before going into the discussion on design of lig-
and, a detailed understanding of mechanism is necessary. As shown in Figure 2, four different
steps are involved in the catalytic cycle.
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L + Pd-precursor

|

L,Pd(0)

ligand dissociation
(calalyst activation)

Ar-X
ArR - LPdO)
4 ., Oxidative
reductive addition
elimination

(I _Ar (I Ar
L—pd_ L—pd__
\\ R // X

>

¥ N\
M-X M-R
transmelation

Figure 2. Mechanism of Pd-catalyzed coupling reaction

First, the generation of the catalytically active species from the corresponding palladium
precursor needs to be considered. After the ‘true’ catalyst is generated, the oxidative addition
of the aryl halide to the palladium (0) centre takes place. Following a transmetalation reaction,
the final step is the reductive elimination of product. Since the steps involving the generation of
catalytically active species and oxidative addition of palladium (0) into Ar-Cl bond are critical
to determine the rate of coupling reaction, the next part is focused on these issues.

1. Formation of Catalytically Active Species from Palladium Pre-
cursors:

It is first necessary to address the step in which the catalytically active species are gen-
erated from the corresponding palladium precursors. Monoligated LLPd species is 14 es species.
It is coordinatively unsaturated. Therefore, oxidative addition step is facilated. Several au-
thors have shown that even when the same phosphine or carbene ligand is used in a particular
reaction, the source of palladium employed has an important influence on the catalytic cycle.
Hartwig and coworkers recently published a study on the palladium-catalyzed amination of
five-membered heterocyclic halides in which various combinations of palladium precursors and
"‘BusP were tested as catalysts for the reaction of 3-bromothiophene with N-methyl aniline
(Figure 3)*.
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[Pd(dba),)/Bus P

A

[Pd(dba)'Bu,P] [ /Bf\pd Bu.p
[Pd(‘BusP), BugP-Pe o=l
\ [pd!Buap]/

)
catalytic cycle

Figure 3. Catalytic active species from Pd-precursors

The observations reported in this paper strongly suggest that the efficiency of the formation
of the monophosphine complex [Pd(*BuzP)] controls the rate of the amination reaction.

Similar observations were reported also by Littke and Fu, who used ‘BusP in palladium-
catalyzed C-C bond formation,® by Glorius and co-workers, who used bulky carbenes as sup-
porting ligands® and by Buchwald and co-workers, who used (biphenyl)phosphines in C-N and
C-C bond-forming reactions.® According to them, generation of monoligated [LPd] species plays
a very important role in determining the rate of catalysis. There is an equilibrium between
[LPd] and [LyPd] and the equilibrium shifts to the right if ligand (L) is sufficiently bulky (Fig-
ure 4).

L,Pd(0) —=—— LPd(0) + L

Figure 3. Catalytic active species from Pd-precursors

The steric bulk of the ligand, in such a case, should be able to protect and stabilize the palla-
dium centre against decomposition.

2. Oxidative Addition Step:

Several studies have been carried out to establish the effect of different ligands on the
oxidative addition step of catalytic cycle. Sterically demanding ligands have the ability to sta-
bilize low-coordination palladium complexes (LPd) which, owing to their low electron count,
are more reactive. On the other hand, electron-donating ligands generate an electron-rich metal
complex which undergoes faster oxidative addition reaction.

Brown and co-workers” showed that the mechanism of Ar-Cl addition step to zerovalent
[PdLs] complexes is highly sensitive to the bulk of the ligand by the studying a series of com-
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plexes [Pd (*Bus-n Cy3P)s]; n = 0 — 3 of varying steric bulk. (Figure 5).

1.5% Pd,(dba); o

o) 6% ligand
_— \‘\
\)J\OBu + PhCI Ph/\/mOBu

Cs,CO5 (1.1 €q)
120 °C, 40h

Ligand | CysP 'BuCy,P 'Bu,CyP 'BusP

yield (%) ‘ 0 7 53 58

Figure 5. The role of the ligands during oxidative addition

The results indicate that complexes with R3P = ;BusP or ‘BuyCyP undergo oxidative addition
at faster rate. This clearly suggests that the rate of oxidative addition of Pd(0) into less reactive
Ar-Cl bond gets enhanced with increase in the ligand bulk.

The dissociative mechanism for the bulkier phosphines has been substantiated by the recent
isolation by Hartwig and co-workers® of a series of tricoordinated palladium (II) compounds
with general formula [Pd(Ph)X(R3P)] (R3gP = ‘BuyAdP, ‘BusP). The rates of oxidative addition
reactions to generate the [Pd(Ph)X(R3P)] complexes correlate well with the catalytic rates ob-
served for the corresponding systems in cross-coupling reactions. The X-ray crystal structures
of [Pd(Ph)X(R3P)] revealed that these species have a T-shaped monomeric geometry with the
phenyl ring located in a position trans to the open coordination site of the metal. The struc-
tural characterization also showed weak agostic interactions between the palladium centre and
a C-H bond from a ligand — this was suggested to be the interaction that stabilizes the unusual
geometry of these complexes. In this context of palladium-catalyzed coupling reactions, these
tricoordinated species are very important because they demonstrate the possibility to obtain
monophosphine complexes in which both of the substrates to be coupled are attached to the
metal centre.

The steps regarding transmetalation and reductive elimination are less important because
these steps are independent of the halide and therefore, are not discussed here. From the above
mechanistic explanation, it is believed that both electronic as well as steric factors are impor-
tant to design a ligand to be effective for the activation of chloroarene. Generally, bulky and
electron-rich ligands are used in coupling reaction in the context of chloroarene activation.

3. Palladium catalysts supported by bulky and electron-rich alkylphos-
phine ligands:

There are several reseacrh groups who synthesized sterically demanding electron-rich phos-
phine ligands for significant progress towards the activation of chloroarene. Though several
alkylphosphine ligands are reported in the literature, we enlist here some of the representative
ligands which can be divided into two major motifs (Figure 6). One relies on very bulky alkyl
phosphines (A and B).? The other has a biphenyl backbone where a dialkylphosphino group is
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attached to the 2-position of a phenyl ring. The ligands developed by Buchwald (C),'° Beller
(D and E)'"" and Kwong (F)'? are examples of the second motif (Figure 6).

Fu group Hartwig group
<> P
‘Bu._'Bu Fe
e Ph—_|__Ph
Bu £
Ph/\;Ph
Ph
A B (Q-Phos)
Buchwald group Beller group Beller group Kwong group

N

NS W\
| /* 3 <// \

)

\ /
PCy2 PCY? P{Bl.lz Z:\
'Pr N 'Pr N /1 xN~Me
| 7 R = /\1
\[/ X \\ \\\/| CyZP\// |
'Pr L\\
C (X-Phos) D (PAP) E

F(CM Phos)
Figure 6. Bulky and electron-rich alkyl phosphine ligands

These ligands are very efficient because alkylphosphines being electron-rich increase the electron-
density on palladium thereby facilitating the oxidative addition step. In addition, the ligands
are sufficiently bulky to facilitate the formation of monoligated LPd (0) species that are crucial
for oxidative addition of Pd(0) into less reactive C-Cl bond. These catalysts have succeeded in
achieving the coupling of many difficult substrates (e.g. Csp3- Csp® coupling and tetra ortho
substituted biaryl formation) at low catalyst loading.

4.Palladium catalysts supported by bulky N-heterocyclic carbenes:

Although phosphine-based ligands have been investigated most extensively so as to improve
the catalytic proficiency in cross-coupling reactions, recently N-heterocyclic carbene (NHC) lig-
ands have attracted attention because of their many favorable attributes including the relatively
high thermal stability of the Pd-NHC bond.!® The strong binding of the electron-rich carbene
to the metal center ensure longer catalyst lifetime and a consistent reactivity throughout the
course of the transformation. A number of monoligated palladium NHC complexes have been
prepared and demonstrated to have high levels of reactivity as reported notably by Caddick and
Cloke,'* Bellemin-Laponnaz and Gade,'> Nolan,'® Beller,!'” Herrmann,'® and Organ!® (Figure
7).
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Figure 7. Bulky N-heterocyclic carbenes ligands

The activities of complexes G — L have been correlated with the steric environment around
Pd; in general, the bulkier the NHC, the higher the catalytic activity.?? These NHC ligands like
alkylphosphines also promote the C-Cl bond activation very efficiently i.e. at room temperature

and at low catalyst loading.

Though a number of efficient alkylphosphine and NHC carbene ligands are developed for
the activation of chloroarenes, these ligand systems suffer from a severe limitation. First of all,
many of these ligands are unstable in air and are more prone to oxidation. Therefore, these
ligands must be stored under argon atmosphere. Secondly, these ligands are highly expensive.
The cost of some of these ligands, obtained from Strem chemicals is listed below (Figure 8).
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Figure 8. Cost of the alkylphosphines and N-heterocyclic carbenes ligands

This limitation can be removed if ligands are prepared from readily available and inexpensive
materials. Aryl phosphines are cheaper than alkyl phosphines and NHC carbenes. Triarylphos-
phine ligands would be attractive if they can attain comparable catalytic activity with respect to
dialkylphosphino-derived ligands. Over the years, there are different types of triarylphosphines
have been reported in the literature, which are effective with chloroarenes in coupling reactions.

5. A journey towards the development of palladium catalysts sup-
ported by sterically-demanding triarylphosphine ligands:

A surprisingly mild and versatile method for palladium-catalyzed cross-couplings of aryl
chlorides in the presence of triarylphosphine ligand was first reported?! by Greogory C. Fu et
al. in 2001. They synthesized a number of ferrocene-derived triarylphosphine ligands L1-L3
and utilized them in Suzuki-Miyaura coupling reaction of an unactivated aryl chloride (Figure
9).
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¢l BOH): 4 594 Pdy(dba)s

Me 6% ligand PPh PPh
+ 9 Me QZ 2 ©/ ?
K3PO4.H,O TMS
3P0O4.HyO(2.4 R Fe Fe
eq)toluene, 70 °C Mé Me Me
Me  T1ed %} %}

Entry Ligand Yield (%)
=H; L1
1 L1 37 = Me L2
2 L2 87
3 L3 8
4 PPh; <2

Figure 9. Suzuki reaction of aryl chloride: triarylphosphines as ligands

These results indicate that the TMS group is an important contributor to the remarkable
reactivity of L2. Around the same time, Richards et al. described®® Suzuki coupling of an
unactivated aryl chloride (4-chlorotolene) and an activated aryl chloride (4-chloronitrobenzene)
that proceeded in good yield, using a hindered, ferrocene based ligand with palladium.

A triarylphosphine ligand (L4) was synthesized by Stockland et al.>® where chlorine group is
attached at the ortho position of two of the phenyl rings of PhyP. This ligand L4 is also useful

in promoting the C-Cl bond activation in both electron-withdrawing and electron-donating
chloroarenes (Figure 10).

entry ArCl Ar'B(OH), Product Yield (%)

\>—©— PhB(OH), Ph 95 c
Ph
p
PhB(OH), QPh 50 Jv\ Cl

Me
@ Reaction condition: ArCl (1.0 mmol), Ar'B(OH), (1.5 mmol),
KF (3 mmol), Pd,(dba); (1 mol%), L4 (4 mol%), 90 °C, 30 h

2

L4

Figure 10. Suzuki coupling of aryl chlorides using L4

In 2004, Kwong et al. developed®* a new air stable and active ferrocenyl triarylphosphine
(L5) and established its effectiveness in the palladium—catalyzed Suzuki-Miyaura coupling of
chloroarene. Most importantly, ligand L5 promoted the cross-coupling of chloroarene with
alkylboronic acid, a challenging substrate (Figure 11).
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entry  ArCl ArB(OH), Product  Yield (%)

1MeOC Ocu "BUB(OH), Meoc—Q"Bu 95
2 Qm "BUB(OH), Qngu 88 @Fe-

OMe OMe L5
@ Reaction condition: ArCl (1.0 mmol), Ar'B(OH), (1.5 mmol)

Pd,(dba); (2 mol%), LS (4 mol%), K3POy4 (3.0 mmol), 110 °C,
24 h

PPh,

Figure 11. Suzuki coupling of aryl chlorides using L5

A very interesting result in this field came out in 2006. Tsuji developed a series of ligands?
bearing 2,3,4,5-tetraphenylphenyl (TPPh) moiety on one of the phenyl rings of triarylphos-
phines (ortho L6, meta L7, para L8). Among them, ligand L6 is a particularly efficient ligand
to utilize unactivated aryl chlorides in different palladium-catalyzed reactions i.e. Suzuki-
Miyaura coupling and Mizoroki-Heck reaction (Figure 12).

seQe
L6 L8

PPh, L7
Cl o 1.5 mol% Pd-catalyst O
. \)k 052003 (1.1 mmol) . XX OMe
OMe 1,4-dioxane (1 mL)
110 °C, 22h

entry phosphine yield (%)

1 L6 >99

2 L7 0

3 L8 0

Figure 12. Heck coupling of aryl chlorides using L6 — LS8
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To elucidate why L6 is a very efficient ligand in these catalytic reactions, stochiometric re-
actions of L6 with Pd(dba), were carried out at 50°C in THF followed by subsequent addition
of maleic anhydride. The complex was crystallized from THF/ pentane mixture. From the
X-ray crystal structure, it was found that palladium in the complex is bound to one of the
phenyl rings of the TPPh moiety in 1? fashion. This n* coordination is only possible with the
ortho derivatives (L6). With the meta (L7) and the para (L8) derivatives, such n* coordina-
tion and the resulting high catalytic activity cannot be expected. In the catalytic reactions, the
intramolecular 1? -coordination stabilizes the mono-phosphine species, but such coordination
would disrupt to generate highly unsaturated, catalytically active Pd(0) species in presence of
the substrate. Similar observation was made by Buchwald et al. where they found stabilization
of LPd(0) through 1 —coordination26.

In this context, the ligand diphenyl(2’,4’,6’-triisopropylbiphenyl-2-yl)phosphine (L9) syn-
thesized by Buchwald et al. cannot be overlooked.?” The ligand L9 is as efficient as alkylphos-
phine ligands synthesized by the same group (Figure 13).

0,
S Catalyst (1 mol%) : (/JE N A peh,
73 T PN
R1

ﬂ 7] + Ar-B(OH),
[ K3PO4.H20, THF 'Pr
rt Tl\

R1
R!= EWG, EDG 85% - 98% l/
'Pr

Figure 13. Suzuki coupling of aryl chloride using Ligand L9

We also described a new 1,3-diphenylphosphinoindole, L10 as a useful ligand for palladium
catalyzed Suzuki-Miyaura reaction (Figure 14).2® A closer investigation revealed that the ligand
operates in a monodentate mode and the 3-diphenylphosphinoindole derivatives were effective
as a class of ligand. The donor property and consequent catalytic efficacy of the phosphino
group was found to be dependent on the nature of the N-substituent of the indole. A trend of
the chemical shift of the 3'P nucleus seems to be in tune with the observed reactivity trait.

B(OH
©F2 10 (8 mol%) PPh;

(V)
ot PA(CHACN),Chy (4 mol%) o Lios @
NaOH, DMA N

R? 120°C R? PPh,
R? = H, 4-OMe, 4-CH4
72 -92%

Figure 14. Suzuki coupling of aryl chloride using Ligand L10
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We reported a set of l-aryl-pyrazole/ pyrrole derived aryldiphenylphosphino ligands and
utilized them for chloro activation of aryl chlorides (Figure 15).2 We also discussed a com-
parative study of steric and electronic effects of phosphine ligands on a structurally related
motif resembling biaryl, in the context of palladium-catalyzed Suzuki-Miyaura and Hiyama
coupling reactions with chloroarenes. Based on the results, we concluded: (a) optimal steric
environment around phosphorus in a triarylphosphine could render a ligand as effective as its
aryldialkyl analog, and, (b) hemilabile participation by a spectator donor atom in the ligand
did not necessarily ensure improved catalytic performance.

/ \
L11 (6 mol%) W
Pd(OAC), (3 mol%
ArCl +PhSi(OMe)s TB‘:\(S 1°312[(), mol%) , phar  L11= ,ﬁ,K(,PPhZ
. 14-Dioxane 0 oo C1
100 °C ~

Figure 15. Hiyama coupling of aryl chloride using Ligand L11
6. Conclusion:

Despite the noteworthy advancement, a number of challenges still remain. Obviously, the
price advantage of aryl chlorides over other coupling partners only holds if comparable turnover
numbers can be attained and if the catalysts are of similar cost. In many of the pioneering
studies that have been described above, relatively high catalyst loadings have been employed.
For industrial applications in particular, it will be important to establish that higher turnover
numbers and turnover frequencies can indeed be achieved. Additionally, more experimental
and theoretical studies are required for gaining insights into the reaction mechanisms that will
be helpful for designing the ligand for asymmetry catalysis. We hope that this review will
encourage further research in this field.
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NH4SCN mediated Synthesis of Chromenopyridinone Derivatives
From [-Chloro o — f-Unsaturated aldehyde

Shaishab Kumar Dinda*

Abstract: A green one pot synthesis of 6 H-chromeno[4,3-b] quinolin-6-one derivatives which
are the main core of the natural product of Polyneomarline C using ammonium thiocyanate
is described. Reaction of 4-chloro-3-formyl coumarin or different -chloro o — S-unsaturated
aldehyde and different aromatic amine or 4-amino and 6-amino coumarin in water-methanol
solvent (2:1) at 60 °C afforded the desired products. The advantages of this strategy are good
yields, no chromatographic separation and free from oxidant, heavy metal catalyst and toxic
by-products. The 4-chloro-3-formyl coumarin is obtained by Vilsmeier Haack reaction of 4-

hydroxy coumarin.
NH, CHO
. NH.SCN. 1, /© @ 8
DMSO, 110 °C, SN
1 12n
o 0" o

o expected but not
observed

observed

Keywords: 6H-Chromenol[4,3-b] quinolin-6-one, green synthesis, ammonium thiocyanate, 4-
chloro-3-formyl coumarin, neat reaction, Polyalthianemoralis C.

Introduction: In last one or two decades, one-pot tandem chemical transformation without
metal catalyst has widely been used for the synthesis of complex organic molecules. A vari-
ety of chemical conversions, like oxidation, reduction, substitution, condensation, etc. have
been developed using this principle.l!! Aqueous reaction without using catalyst has many
advantages such as decrease of wastes, less toxicity, maximum efficiency, decrease energy
requirement of the reactions, designing bio-degradable products, economic and time factor.
Hence, heterocyclic ring formation using this green protocol is an active and attractive field.
Coumarin derivatives represent the core structure of many naturally occurring compounds
with significant biological activities.) Lamellarinsand related pyrrole derived alkaloids isolated
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from diverse marine organisms are well known for their remarkable biological activities.[?l The
coumarin derivatives fused with aza-heterocycles specially the pyridine nucleus have been re-
ported to possess antiallergic,*?antidiabeticl*’land analgesicl*dlproperties. Santiagonamine
is a naturally occuring pyridine fused coumarin derivatives found in the stems and branches
of Berberisdarwinii Hook which is a shrub that is found in South America having wound-
healing properties.l”) Goniothalinel® is an another natural pyridocoumarin alkaloid isolated from
the Australian rainforest plant Goniothalamusaustralis having antimalarial activity against a
chloroquine-sensitive Plasmodium falciparum line (3D7). Polyneomarline C!7) is also a natu-
ral 6 H-chromeno[4,3-b]quinolin-6-onederivative isolated from the Polyalthianemoralis A. DC.
used as Chinese herbal medicine. Coumarin fused pyridinel® derivatives have been reported to
possess anti-hypertensive activities, anti-HIV activity, androgen receptor antagonist activity,
optoelectronic activity and can act as fluorescence dyes. All these observations establish the
importance and bioactivity of pyridine fused coumarin derivatives. So, the synthesis of pyridine
fused comarin is increasing trends of Organic Chemists. Many methods!®'% to synthesize of
these types of compounds have been developed by many group of scientists using different types
of Lewis acids/Bases, metal catalysts with different solvents. The 6 H-chromenol[4,3-b]quinolin-
6-one skeleton constitutes the backbone of Polyneomarline C (Figure 1). We were interested
to prepare some non-natural analogs of this type compounds by easy process. Many synthe-
sis of 6H-chromeno[4,3-b]quinolin-6-one derivatives has been described in the literaturel!!-1?
by some groups using different reagents, catalyst, solvents andultrasound irradiation. In our
present work we have reported a green one pot synthesisof 6 H-chromeno[4,3-b]quinolin-6-one
derivatives which are the main core of the natural product of Polyneomarline C using ammo-
nium thiocyanate by reaction of 4-chloro-3-formyl coumarin!™® and different aromatic amine in
water-methanol solvent (2:1) at 60°C and various aromatic amines. In this method there is no
need for chromatographic separation.

MezN
MeO

MeO

OMe

Santiagonamine antibiotics®  Goniothaline® Polyalthia nemoralis C’

\

Figure 1: Naturalpyridocoumarin scaffolds

Result and Discussions:

Recently A. Hajra and his co-worker have developed a novel, simple method for the synthe-
sis of 2-aylbenzothiazoles by Iy-mediated oxidative annulation of arylbenzaldehydes, aromatic
amines,and ammonium thiocyanate as sulphur source. Applying the same methodolology, our
target was to synthesize 2-coumarinyl benzothiazole starting from 4-chloro-3-formyl coumarin
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instead of aromatic aldehyde but we got 6 H-chromeno|[4,3-b]quinolin-6-one derivatives. So our
first task was to find out an optimal condition to prepare the 6 H-Chromeno|4,3-b]quinolin-6-
onein best possible yield using different methodologies. Reaction between 4-chloro-3-formyl
coumarin (1 equivalent) and 4-chloroaniline (1 or 2 equivalent) (Scheme 1) was studied under
different conditions with different temperatures and times. But in all cases only pyridocoumarin
derivatives were obtained but no 2-coumarinylbenzothiazoles was found. Results of the detailed
studies are summarized in Table 1. It was found that reaction of 1 and 2a in water-methanol
solvent (2:1) at 60°C in presence of ammonium thiocyanate proved to be the best condition
and leads to the desired product in 98% yield within 2 hours. Here ammonium thiocyante acts
as an acid catalyst not the source of sulphur. Thus treatment of 4-chloro 3-formyl coumarin
(lequivalent) and different aromaticamines (1 equivalent) proceeded to give the corresponding
6H-Chromeno[4,3-b]quinolin-6-one derivatives under same condition (Table2). The reaction
between Chloro-aldehyde of a-tetralone and 4-chloro aniline under similar condition did not
give any cyclised product (scheme 1). The "H-NMR (400 MHz, DMSO-dg) data is in confor-
mity with the assigned structure for the 6 H-Chromeno[4,3-b|quinolin-6-onederivatives 3d and
given bellow (Fig. 2) and HRMS data are also in agreement with the molecular formula of 3d.
In general, the reactions are very clean, without any side product with remarkable yields and
donot require any chromatographic separation. Recrystallization from hot acetone provides
analytically pure sample. The probable mechanism is not certain. Here pyridine ring instead of
aylbenzothiazoles is formed due the presence of ortho chlorine atom of the substrate. Immine
or enaminoimine is not formed due to high reactivity of 4-chloro-3-formylcoumarin as it contain
electron withdrawing lactone as well as chlorine atom.

Table 1. Optimization studies in the selective formation of pyrido[3,2-c/coumarin derivatives

(3a).

O
0 CHO  NHz2  goent,
| + catalyst
Cl -
1 Cl
2 3 4 5

Cl

Table 1. Optimization studies in the selective formation of pyridocoumarin 3d

Entry. reactants Solvent additive Temp (°C) Time(h) Product (3) Product (4/5)10P¢
1 la:1b DMSO NH;SCN/I, 110 12 95% -
2 la:1b H,O:MeOH  NH;SCN/I, refluz 12 93% -
3 la:1b H,O:EtOH  NH,;SCN/I, reflux 12 50% -
4 la:1b HyO:MeOH NH,;SCN reflux 2 96% -
5 la:1b H;0:MeOH NH,SCN 60 2 98% -
6 la:1b Hy;O:MeOH NH,;SCN 80 2 98% -
7 la:1b H,O:MeOH - reflux 12 trace -
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(a=2; b=3d in equivalent)

Conditions: Best optimum condition for the reaction is shown in bold entry

cl NH, Gl o
CHO NCHO ol
~ sy CO ?
(X oo
o
N — X a2 O
+

not obtained NH,SCN, 3d
H,0O:MeOH (2:1)
60 °, 2h

NH,
@f\l i

CHO

O~ ~0

NH,SCN,
3 oo H,O:MeOH (2:1)
e 60 °, 2h

Scheme 1. Formation of the pyridocoumarin derivatives

Table 2. Substrate scope ofreaction for the synthesis of 3(a-g)

‘ Br Me

N/| NZ i|

L O
(@) (@)

0" ~0
(98%, 3a) (98%, 3b)

82%, 3e 85%, 3f 82%, 3g

Conclusion: In conclusion, we have developed an environmentally benign method for thesyn-
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thesis of 6 H-Chromeno[4,3-b]quinolin-6-one derivatives backbone of natural product Polyneo-
marline C scaffolds in good to excellent yields in presence of ammonium thiocyanate at 60 °C in
aqueous methanol solvent without chromatographic separation from 4-chloro-3-formylcoumarin
and different substituent aromatic amine. The most noteworthy features of the present protocol
are simplicity of procedure, high atom economy, cost effective and superior yields.

Experimental:

Preparation of 6 H-chromeno [4,3-b] quinolin-6-onederivatives 3 (a-g): General method. Com-
pound 1 (1.0 equiv.) and 2 (1.0 equiv.) were taken with 2mL MeOH, 4 mL H,O and NH,SCN
(1.0 equiv.) in a round-bottom flask (25 ml) and it was placed in a heating oil bath. The
heating of the resulting mixture was carried out up to 2 hours in open flask at 60 °C. The
progress of the reaction was monitored by TLC. Excess methanol was distilled out, the pale
yellow solid mass was filtered, washed with water and dried under vacuum to obtain the 6 H-
chromeno[4,3-b]quinolin-6-one 3(a-g) in 82-98% yield.
9-Bromo-6H-chromeno[4,3-b]quinolin-6-one (3a) White solid, yield, 98%; mp 260-261°C (Ace-
tone); 'H NMR (400 MHz, DMSO-dg) 7.49 (m, 2H),7.71 (¢, 1H, J = 7.4 Hz ), 8.13 (brs, 2H),
8.66 (d, 2H, J = 9.4 Hz), 9.35 (s, 1H) ppm; > CNMR (100 MHz, DMSO-d6): 110.1, 115.0, 117.4,
123.7, 124.4, 124.6, 127.9, 129.0, 129.3, 130.5, 132.9, 133.1, 141.3, 152.5, 154.1, 161.2; HRMS
(ESIL, 70 eV): m/z = 325.9821 (M*+H), 327.9791 (M*4+H+2) [Calcd mass for C;sHoBrNOy:
325.9817 (M*-+H), 327.9786 (M*+H+2)].

9-Methyl-6H-chromeno|4,3-b]quinolin-6-onel'*?l (3b) White solid, yield, 98%; mp 231-233°C
(Acetone); 'H NMR (400 MHz, DMSO-dg) 2.56 (s, 3H), 7.49 (t, 2H, J = 8.3 Hz), 7.69 (m,
1H), 7.88 (dd, 1H, J = 1.6 8.7 Hz), 8.08 (s 1H), 8.13 (d, 1H, J = 8.7 Hz), 8.66 (d, 1H, J =
8.0 Hz 1H), 9.25 (s, 1H) ppm;HRMS (ESI, 70 €V): m/z = 262.0874 (M*+H) [Calcd mass for
Cl7H12NOQZ 262.0868 (M++H)}

9-Methoxy-6H-chromeno[4,3-b]quinolin-6-onel''*P(3¢): White solid, yield, 96%; mp 228-230°C
(Acetone); 'H NMR (400 MHz, DMSO-dg) 3.86 (s, 3H), 7.22 (m, 2H), 7.39-7.47 (m, 3H), 8.10
(d, 1H, J = 9.6 Hz), 8.70(m, 1H), 9.0 (s, 1H) ppm; *C NMR (100 MHz, DMSO-dg): 56.4,
107.2, 107.3, 117.7, 120.0, 124.7, 125.4, 127.4, 129.0, 130.8, 132.6, 132.7, 139.4, 147.3, 152.5,
158.4, 161.1 ppm;HRMS (ESI, 70 eV): m/z = 278.0811 (M*+4H)[Calcd mass for C17H;3NOs3:
278.0817 (M*+H)] 9-Chloro-6H-chromeno|[4,3-b]quinolin-6-onel'* (3d) White solid, yield, 95%;
mp 243-245°C (Acetone); 'H NMR (400 MHz, DMSO-dg) 7.51 (t, 2H, J = 8.0 Hz), 7.7 (¢, 1H,
J=7.7Hz),8.03 (dd, 1H, J = 2.2 9.0 Hz ),8.24 (d, 1H, J = 9.0 Hz), 8.50 (d, 1H, J = 2.2 Hz),
8.68 (d, 1H, J = 7.4 Hz), 9.33 (s, 1H) ppm; *C NMR (3C NMR 100 MHz, DMSO-dg)):117.7,
117.9, 121.8, 125.2, 125.6, 128.9, 130.2, 131.4, 133.4, 134.6, 134.7, 140.7, 150.4, 150.5, 153.3,
161.6; HRMS (ESI, 70 eV): m/z = 282.0329 (M*+H) [Calcd mass for C;gHgCINO,: 282.0322
(M*-+H)]

Compound(3f):

White solid, yield, 82%; mp 250-252°C (Acetone); 'H NMR (400 MHz, DMSO-dg)7.29 (d, 1H,
J=7.7Hz), 743 (d, 1H, J = 8.1 Hz), 7.65-7.74 (m, 3H, J = 7.8 Hz), 8.20 (d, 1H, J = 8.1 Hz),
8.69 (brs, 2H), 9.14 (s, 1H) ppm.
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Compound(3g):

White solid, yield, 85%; mp 246-248°C (Acetone); 'H NMR (400 MHz, DMSO-d6)) 7.36 — 7.52
(m, 2H), 7.70 (m, 2H), 7.99-8.20 (m, 2H), 8.44 (d, 1H, J = 8.4 Hz), 8.63 (d, 11, J = 8.4 Hz),
9.32 (s, 1H) ppm.

Compound (3g):

White solid, yield, 82%; mp237-239°C (Acetone)'H NMR (400 MHz, DMSO-dg) 7.40 (m, 2H),
7.73 (t, 1H, J = 7.5 Hz), 7.92 (t, 1H, J = 7.4 Hz), 8.02 (d, 1H, J = 8.5 Hz), 8.27 (d, 1H, J =8.1
Hz), 8.89 (s, 1H), 9.36 (s, 1H).
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Cu,0O NANO Materials thin film

Goutam Kumar .Paul *
ABSTRACT

Nanotechnology R and D is directed toward understanding and creating improved materials,
devices, and systems that exploit these new properties. Preparation of cuprous oxide (CuyO)
thin films on glass substrates and nitrogen doping into CusO were studied by using reactive
radio-frequency magnetron sputtering. It has huge potential for application to photovoltaic
cells to be more specific for the top layer in a tandem structure. I am trying to improve of
CuyO properties doping with nitrogen.

Key words: nano, Cu,O, Thin film

INTRODUCTION

The increased application of transparent conducting oxide film as conducting layer as well
as one of the electrodes in modern solar cells is the motivation of study of conducting ZnO
films. These films are prepared by several deposition technique like metal organic chemical
vapor deposition [1] DC or RF magnetron sputtering [2], spray pyrolysis [3] and sol-gel process
[4]. These ZnO films are n-type in nature. On the on the hand cuprous oxide (Cuy0O) is one
of the promising direct band-gap semiconductors with band-gap energy 2.0 eV. It has huge
potential for application to photovoltaic cells [5-7], to be more specific for the top layer in a
tandem structure. It is p-type in nature. In this paper I will discuss the preparation of CusO
film and its improvement with doping for use in nano structure solar cell.

EXPERIMENTAL

Polycrystalline p-Cu,O thin film was grown by means of RF magnetron sputtering on corning
7059 glass substrate using a Cu target of 99.99% purity. Oxygen was introduced during the
growth of Cu,O through a nozzle whose end was placed near the substrate. We prepared two
samples for CuyO, one undoped (Sample 1) another doped with nitrogen (Sample 2) with flow
rate 10ml/sec. The thickness of each film was around 1500nm The hole concentration of CuyO
was in the range between 6x10°cm™ and 2x10'7ecm™. The schematic diagram of apparatus is
shown in Fig.1.
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Figure 1

The XRD profiles in # — 20 mode using Cu-K,, radiation of the heterostructures from sample
1 and sample 2 are shown in Fig.2. Diffraction peaks of (111) planes of CuyO observed. We
found intensity of Cu (111) diffraction peak for both the sample.
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Figure 2

Surface characterization was carried out using atomic force microscopy (AFM). Fig. 3 shows
atomic force microscope (AFM) images of samples with undoped CusO and Ny doped CuyO
thin films.
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Undoped CuyO Ny doped Cu,O

Figure 3

The electrical conductivity, the carrier concentration and Hall mobility of the films were
measured by the van der Pauw four-probe technique with a square configuration in the at room
temperature. The four contacts each have an area of about 0.05 cm?, with gold deposition.
Ohmic contact between electrode and Cu,O films was confirmed before measurements were
taken. The measurements for Hall effect were carried out utilizing a magnetic field of 2 kG and
the substrate area (1 cm?) in this measurement was much lower than the area around the pole
pieces of the magnet.

RESULTS AND DISCUSSION

The X-ray diffraction (XRD) patterns of three of the doped films are shown in Fig. 1. They
indicate a tendency for orientation along the (111) direction. There is no remarkable change
in crystallinity and crystalline size with doping but slight gradual decrease peak intensity with
doping has been observed. Fig.2 shows the surface morphology of CuyO surface. The surface
shows polycrystalline structure with well-defined grain boundaries. The average sizes of the
grains have increased with doping from 60 nm to 90nm.

The carrier concentration, mobility and resistivity of the samples are listed in table 1. Result
indicates that both the carrier concentration and Hall mobility measured at room temperature
increase with doping. As a result, the resistivity is decrease with doping. This is due to
increase of grain size with doping. The basic model was proposed by Volger [8] and Petriz [9]
and the refinements were done by Orton and Powell [10]. The CuyO doped with N2 is better
for fabricate electrical devices.

Sample name | Resistivity | Mobility | Carrier concentration
(Ohm-cm) | (Cm?/V-S) (Cm™)
Undoped 32.1 7.0 2.55x101°
N, doped 22.2 9.2 1.5x10'
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CONCLUSION

In this article I have reported a study of p-Cu,O thin film prepared by dc reactive mag-
netron sputtering and subsequently No doping, clearly showing the enhancement of electrical
and morphological properties in respect to undoped film.

ACKNOWLEDGMENT

The author acknowledges the help of Prof. K. Akimoto, Tsukuba University, Japan for
helpful discussion and suggestions during the experiment. The authors also acknowledge with
thanks the cooperation received from Dr. S.Bera of Tamralipta Mahavidyalaya, Tamluk, Purba
Medinipur, West Bengal, India in carrying out this study.

REFERENCES

[1 ] C. Mattevi, H. Kima and M. Chhowalla, J. Mater. Chem., 21, 3324 (2011).
[2 ] J. Deuermeier, J. Gassmann, J. Brotz, and A. Kleina J. Appl. Phys. 109, 113704 (2011)
[3 ] S. Kozhukharov and S. Tchaoushev, J. Chem. Tech. Meta., 48, No.1, 111 (2013).

[4 ] A. Dehghanghadikolaei, J. Ansary and R. Ghoreishi, Proc. Nat. Res. Soc., 2, 02008
(2018).

[5 ] A. Ait hssil, L. Atourki, K. Abouabassi, A. Elfanaoui, K. Bouabid, A. Thlal, S. Ben-
mokhtar and M. Ouafi , AIP Conference Proceedings, 2056, 020006 (2018).

[6 | C. Jayathilaka , L. S. R. Kumara, K. Ohara, C. Song, S. Kohara, O. Sakata, W. Siripala
and S. Jayanetti , Crystals, 10, 609 (2020).

[7 ] K.Akimoto, S. Ishizuka, M.Yanagita, Y.Nawa, G. K. Paul, T. Sakurai., J. Solar energy,
80, 715, (2006).

[8 ] J. Volger, Phys. Rev. 79, (1950) 1023.
9 ] R. L. Petriz, Phys. Rev. 104, (1956) 1508.

. W. Orton an . L. Powell, Rep. Prog. VS. , .
10 ]J.W. 0O d M. L. Powell, Rep. P Phys. 43, (1980) 1263

43



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

Barrow Holographic Dark Energy Model with GO Cutoff

Arindam Saha *

ABSTRACT: This paper deals with Barrow holographic dark energy (BHDE) model in a spa-

tially flat FLRW universe with Granda-Oliveros infrared (IR) cutoff, L = (aH? + SH?) . We
investigate the evolution of universe which is assumed to be filled with noninteracting pressure-
less matter and BHDE as dark energy (DE) candidate. Both interacting and non-interacting
cosmological scenario are considered here. It is found that this model is theoretically powerful
to describe the late time accelerated phase of the universe. We note that the model behaves as
the phantom source and the stability of the model is seen to depend on the Barrow exponent

A.

Keywords- Barrow holographic dark energy, FLRW universe, Granda-Oliveros infrared (IR)
cutoff, Cosmological parameters

I. INTRODUCTION

Accumulated data from various cosmological observations indicate that our universe is now
experiencing a phase of accelerating [1]. It has been predicted that this late accelerating phase
is attributed to an unknown matter having negative pressure known as dark energy (in short
DE). There are many models proposed for dark energy in the literature through modified the-
ories of gravity ([2] - [3]) and dynamical scalar fields ([4] - [8]).

Recently, a new form of dark energy based on holographic notion has been proposed consid-
ering the existence of some cosmic horizon. Based on the holographic principle in the framework
of quantum gravity, the holographic dark energy (HDE) has been constructed. This dark energy
model is very effective in describing the late-time acceleration quantitatively ([9] - [14]) and has
been tested through observations ([15] - [17]). This model associates the dark energy density
to the cosmic horizon and horizon entropy plays a crucial role in the HDE models. Another
characteristic feature of HDE models is the long-distance cut off, also known as infrared cutoff
(IR cutoff hereafter). This cutoff is not uniquely defined in cosmology. The particle horizon
radius (Ry), the Hubble horizon (L = H™!), the future event horizon (r3), the Ricci scalar
curvature radius (Rcc), the apparent horizon radius (L = (H?+ £)), the formal generalization

1

of Roe, known as Granda-Oliveros (GO) cutoff, given by L = (aH? + 3H?) *, the age of
universe (7"), the conformal age of the universe (), the radius of the cosmic null hypersurface,
etc ([18] and the references there in are a comprehensive but not complete list of IR cut off
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used in cosmology).

Cosmological models are usually constructed taking into account perfect fluids or a mix-
ture of non-interacting perfect fluids and each of them evolves separately according to energy
conservation law. But the cosmological observations admit an interaction between them, hence
it is interesting to study cosmologies with an interacting mixture of fluids. The exchange of
energy among these fluids might play important role in the evolution of the universe.

J. D. Barrow ([19]) investigated the consequences for the black-hole area introducing fractal
structure for the horizon geometry and proposed a new black-hole entropy relation which is

given by
A 1+2
= () .

where A and A are the standard horizon area and Planck area respectively. The exponent A
is bounded as 0 < A < 1 and denotes the quantum -gravitation deformation and hence the
deviation from Bekenstein-Hawking (BH) entropy. This expression resembles Tsallis entropy
but the involved physical principles and interpretation are completely different. With help
of holographic principle, the use of Barrow entropy leads to Barrow holographic dark energy
(BHDE) whose energy density is given by

pp = CL>7? (2)

where C'is a parameter. The standard holographic dark energy density pp = 3c2M2AL™2 can
be obtained in this case A = 0, where C' = 3¢* M2 with ¢? the model parameter and Mp is the
Planck mass.

In this present paper, we consider BHDE model in flat FRW universe with GO cutoff, which
is defined as ([20], [21])

D1
L= (aH®+ BH?) * (3)
Hence, substituting L in Eq. (2), we obtain the energy density of Barrow holographic dark
energy namely

2—A
2

pp = C(aH® + SH?) (4)
where o and 3 are constants.

Recently, Saridakis [22] shown that the BHDE possesses basic HDE as a sub-case in the
limit where Barrow entropy becomes the usual Bekenstein-Hawking one and this new scenario
exhibits more richer and interesting phenomenology. Anagnostopoulos et al. [23] showed that
the BHDE is in agreement with observational data, and it can serve as a good candidate for the
description of dark energy. In the present work we study the dynamics of flat FLRW universe
filled with a pressure less matter and BHDE. In the next section the cosmological parameters
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are discussed using relevant field equations of flat FLRW cosmology. In section (3) a non-
interacting and in section (4) an interacting BHDE model are discussed and finally in section
(5) results from interacting and non-interacting models are compared and overall findings are
summarized.

II. FIELD EQUATIONS AND THE COSMOLOGICAL MODEL

The dynamics of universe is governed by Einstein field equation is given by:

1
Rap — §QABR = kT, (5)
where A and B runs from 0 to 4, Rap is the Ricci tensor, R is the Ricci scalar and Typ
is the energy-momentum tensor. The 5-dimensional spacetime metric of Kaluza-Klein (KK)
cosmology is (Ozel C. et al. 2010) the following:

dr?

2 _ 2 2
ds® = dt* — a* (t) T

+ 7% (d6” + sin®0dy?) | (6)

where a(t) denotes the scale factor and k = 0,1(—1) represents the curvature parameter for flat
and closed(open) universe. The Einstein’s field equation in flat universe for the metric given
by (2) becomes:

a
p=33 (7)

. .2

i a
R L 8
p P (8)

The Hubble parameter is defined as H = g and the covariant derivative of five dimensional

energy-momentum tensor ﬂ’gB = 0 yields the continuity equation:
p+3H(p+p) =0, (9)
Using the equation of state p = wp in five dimensions, the equation of continuity reduces to
p+3Hp(l+w) =0, (10)

where the total energy density p = pp + pm, Where pp corresponds to dark energy and p,,
is for matter including Cold Dark Matter (CDM) with w,, = 0. For non-interacting fluid,
the conservation equations for pg, pp and p,,, p,, are seperately satisfied. For interacting dark
energy models:

P+ 3H py =0, (11)
pp+3Hpp (1 +wp) =0, (12)
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Density parameters are defined as

L (13)

Ccr pCT‘

where p., = 3H?. Eq. (12) can be written in terms of density parameters as:
Q +Qp =1 (14)
Using Egs. (13) and (14) we obtain:

1
1=— 1
T+ O (15)

Substituting Eq.(2) in the expression of density parameter as in Eq.(13) we obtain

il (8) 7

Taking the time derivative of the density parameter with Eqgs. (7) and (11) and defining

Qp' = X5 we get
2
O =(1-Qp) [% (—a—k(%) H2AA)+3

d(Ina)
Furthermore, the equation of state for Barrow holographic dark energy is given by

2 (3% TS _
ﬁ( +(C> bii >+3(1 QB)] (18)

Deceleration parameter is also evaluated as

(17)

1
wp=—1——
B 305

H 1

2
3\ 2 24
=g o ()

ITI. COSMIC EVOLUTION OF NON-INTERACTING BHDE MODEL

To describe the cosmic evolution the cosmological parameters {2z, wp and ¢ have been ploted
versus z for some values of A in Figs. (1), (2) and (3) respectively, whenever {2gy = 0.73 and
Hy= 0.07 Gy~ L.
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Figure 1: The evolution of Qp with z for different values of A. Here, Qpy = 0.73, and

Hy = 0.07 Gy~

Figure 2: The evolution of EoS parameter wg with z for different values of A. Here, Qpy =
0.73, and Hy = 0.07 Gy~

Figure 3: The evolution of ¢ with z for different values of A. Here, Qg =

Hy = 0.07 Gy~

0.73, and

The evolution of density parameter g with redshift(z) for different values of model pa-
rameter A is found consistent with the current observations. Dark energy clearly dominated
the late universe and gradually evolves to {2z = 1 in the future regardless A values. We can
observe that the EoS parameter of BHDE with GO cutoff begins in a quintessence era wg > —1,
but remains in phantom era in late time. Moreover it is observed that wg approaches to the
cosmological constant (wg = —1) at a value of redshift parameter in past and it is independent
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of model parameter A, however it varies considerably with A throughout the evolution of uni-
verse. For higher A values the universe transits into the phantom era faster as compared to
lower A values. Fig. (3) shows the evolution behaviour of the deceleration parameter (¢) of the
BHDE model versus redshift (z). The deceleration parameter goes to negative in recent past,
suggesting a late time acceleration of the universe. For different values of A, the present value
of ¢ is seen to vary from -0.3 to -0.1 which is very much acceptable in light of supernovae data.
For A is high the universe entered the accelerated phase earlier. In order to investigate the
classical stability of the BHDE, we need to study the evolution of of the square of the sound
speed evaluated as
v — d]'ﬁ _ 15_B . PB

= — =wp +Wp— 20
dpp  pB b BPB (20)

For the present model of BHDE ¢? is given by

) M 2N H

v IwB—l-Q—B—l-mﬁ, (21)
where
%20 92A 305\ T8 an
M=1-= - Jig= 22
35 35(2—A)<C> ’ 22)
and
%2 2A 305\ T8 s () 4
N=1-22_ Hos(-52) 23
5w ) (23)

The square speed of sound v?, represented by Eq. (21), is plotted as a function of redshift (z).
It is observed that the BHDE model is unstable during the cosmic evolution.

_.,.....lul:...mrh\‘
—  A-002
£,=005

47=008

Figure 4: v? versus z for different values of A. Here, Qg = 0.73, and Hy = 0.07 Gy~ .

IV. COSMIC EVOLUTION OF INTERACTING BHDE MODEL
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We now study the evolution of universe filled by two liquids that are interacting. The total
energy density p = p,, +pp, where p,, and pp denote the energy density of dark matter (DM)
and BHDE respectively. The conservation law is decomposed as

pm + 3Hp = Q, (24)
pp+3Hpp (1+wp) = —Q, (25)
(26)

where @Q gives the interaction between BHDE and DM. Here Q = 30 H (p,, + pp), where b is
the coupling constant. One can easily show that the the deceleration parameter (¢) and EoS
parameter (wp) have the same form as those of the non-interacting case. This indicates that
the mutual interaction between DE and DM does not affect them. We only need to calculate
Qp and v? in this case. The calculation leads to

=5,
%(—oﬁ—(g—gﬁ) H2AA>+3

From the Eq. (26) one can easily notice the dependency of evolution of the density parameter
(2B) on both the model parameter and the coupling parameter b%. It is observed that the
future evolution of the density parameter is more influenced by the variation in the coupling
parameter value (Fig. (5)). In the future universe the dark energy density dominates but its
share is suppressed for a higher value of 2. On the other hand, the future evolution of the
density parameter is almost independent on the model parameter A (Fig.(6)).

Oy = (1-Qp) — 3b* (27)

— 5,2 001

ba 2=:).'33

b32=005

Figure 5: The evolution of density parameter Q5 with redshift (z) for different values of b%.
Here A = 0.08.

Again to explore the classical stability of the interacting BHDE model we calculated the
square speed of sound as

M
v = wp + — + — (28)
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—  N002

8,005

d3=008

Figure 6: The evolution of density parameter with redshift for different values of A. Here
b?=0.01.

where M, N are given by Eqgs. (22) and (23) respectively. Evolution of the classical stability of
this model is shown in Fig. (7). It is interesting to note that the interacting BHDE model with
GO horizon as the IR cutoff is stable throughout the whole cosmic evolution for a particular
choice of the model parameter (A) and the coupling parameter (b%). This is in contrast with
the model with Tsallis holographic dark energy models where it begins to show stability from
itself whenever ¢ — 1 [24].

40 R
—  A-002
8,=00%
o MLLIELL - cer 33008

Figure 7: Classical stability of the interacting BHDE model for different values of A.

V. DISCUSSION

The recently suggested Barrow holographic dark energy has been investigated in flat FLRW
universe with Granda-Oliveros infrared (IR) cutoff. With this choice of IR cutoff we have de-
rived evolution of the cosmological parameters such as the density parameter (2g), the equation
of state (EoS) parameter (wp) and the deceleration parameter (¢) as a functions of the redshift
parameter z. It is seen that the present model can successfully incorporate late time accelera-
tion of universe, though accommodating a late time phase of acceleration is often challenging
in HDE without interaction in dark sector. One can obtain the usual thermal history of the
universe, with the sequence of matter and dark energy eras. In other words both interacting
and non-interacting BHDE models shows a smooth transition from deceleration era in early
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universe to present acceleration era of the universe. Dark energy dominates the late universe
and gradually evolves to Q0 = 1 in future regardless of A value. But its share is supressed for a
higher value of the coupling parameter b in case of the interacting model. The corresponding
dark energy equation of state (EoS) begins in a quintessence regime, remains in phantom regime
in late time. It varies considerably with Barrow exponent A during the evolution of universe,
but becomes equal to the cosmological-constant value -1 at a value of z which is independent
of A. We also observe that non-interacting BHDE model is stable during the cosmic evolution.
The interacting dark energy model, however, is favourable for a stable universe depending on
the choice of model parameter A. Finally we would like to mention here that one can extend
the analysis of the present paper in the case where Barrow exponent depends on time and scale
to incorporate more complex and dynamical deformation of black hole horizons. This necessary
study lies beyond the scope of the present work and is left for future investigation.
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Angle Between Annihilators of Two Frames of subspaces in A
Hilbert Space

Gopal Das *

Abstract
In this paper, we study the angle between two closed subspaces of H in terms of annihilators
of frames of subspaces.

Keywords: Annihilators of subspaces, frames, angle between subspaces

1. Introduction :
Let H be a separable Hilbert space. A sequence { fy}rer in H is called a frame for H, if for all
feH,

AIlFIP <D I f 2 < BIISIIP

kel

for some positive constants A, B and [ is an index set.

The constants A, B are called a lower and an upper bound of the frame respectively. The notion
of frames was first introduced by Duffin and Schaeffer (1952) in the context of nonharmonic
Fourier Series. Daubechies et. al. (1986) applied the notion of frames in the field of wavelet
and frequency analysis, analysis and design of over sampled filter banks and error corrections
codes. Young (1980) proved that every element in the space can be represented as a series in
terms of elements in a frame. In next section we recall some definitions and related results.

2. Some Definitions and Notations: A frame is called exact, if it ceases to be a frame
when an element in removed. A sequence in H is said to be a frame sequence if it is a frame
for its closed span.

If M and N are closed subspaces of H. We denote M © N = M N N+ where N* = {z € H :
(r,yy =0forally € N}. If M NN = {6} , we denote by M + N the direct sum of M and N.
If the sum is orthogonal, we write M @& N. Here we recall the definition of angle between two
subspaces of H which was introduced by Kato (1984).

Definition 1: Let M and N be two closed subspaces of the Hilbert space H. The cosine of
the angle of M and N is

c[M,N] =sup{|(u,v)| :ue M N,ve No M, |u| =1,|v|| =1}.
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If M C Nor NC M, we define ¢[M, N] = 0. The sine of this angle is denoted by s[M, N] =
(1 —c[M,N]?) (1/2).
Following properties are well known from Antezana et al. (2005):

1. ¢[M,N]=¢|N,M]=¢[M & N,N|=c[M,N o M|

2. If dim M < oo, then ¢[M, N] < 1.

3. ¢[M,N] < 1if and only if M + N is closed.

4. ¢[M,N] = c[M*+, N1].

5. c[M, N| = ||PxPrneml| = |[Pyuen Pyl = [|Pu Py — Punnl|
6. s[M,N]=dist(N,{x € M & N :|z|| =1})

Definition 2: If V is a vector space over the field F' and S is a subset of V| the annihilator
of S is the set S® of linear functionals on V such that f(a) =0 for every a € S.

In this paper we study the angle between two closed subspaces of H in terms of annihilators of
frames.

3. Main Results If V' is a vector space over the field F' and S is a subset of V| the annihi-
lator of S is the set S® of linear functionals on V such that f(a) =0 for every a € S.

In this paper we study the angle between two closed subspaces of H in terms of annihilators of
frames.

3. Main Results:

Suppose H be a finite dimensional Hilbert space with inner product (,). We show that every
frame in H contains a subset which is a basis for H. Here we use the notion of frame operator.
For each frame { fk}?zl:l) in H, we define following operators in H as follows:

T:-C"— H
by T({cx}ity) = 25y Crfr
T is called synthesis operator and S = TT™ is called frame operator, where T™ is the adjoint
operator of T and

S:H—H

is defined by

S(f) =TT*(f) =Y _Af. fi) f,¥f € H
k=1
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Theorem 3.1:
Let {fi}{j—) be a frame in H. Then {f,} has a subset which is a basis for H.
Proof: Suppose S H — H be the frame operator of the frame {fk}?li:n in H. Clearly S is

self-adjoint and bijective.
Now for each f € H, f =SS f =>"" (S7'f, fu) fr, [ can be represented as

F=> (S fi) fi
k=1

Therefore span{fi}y = H. If {fi}7, is linearly independent, the span{fi}}~, is a basis of
H, otherwise by deletion theorem of vector space, there is a subset of span{ fi};, in H which
is a basis of H.

Now we study the cosine of the angle of two subspaces in terms of annihilators of the subspaces.
Suppose P = {f1, fo, v, [} and Q = {g1, g2, -, gm } be two subsets of H and F' = span(P)
and G = span(Q). The annihilators of P and @ are defined as

P'={ge H : g(f;) =0 forall f; € P and Q° = {h € H* : h(g;) = 0 for all g; € Q, where H*

is the dual space of H.

Then P° = span{f;, f5, ., fi} and Q" = span{g}, g3, -, g5, } where { [T, f5, .., fi} and {g}, g5, ., 9}
denote the dual bases of P and @) respectively.

Now for any ¢ € P° and h € Q° g and h can be expressed as g = Zle g(f)fF and

h = 2211 h(gz‘)gf
Then

S g fig) if m<k _, .
Uingi) = {zﬁﬂxm Flg) if msk  Wn9)

Theorem 3.2: Let H be a finite dimensional Hilbert space with the inner product (,) and
P = {fi1, fay s fr} and Q@ = {91, g2, .y gm} be two subsets of H and F' = span(P) and
G = span(Q). Then c[F,G] = ¢[P°, Q°], where S° denotes the annihilator of the set S.

4. Conclusion:

A frame in a finite dimensional Hilbert space H spans H and so it has a subset which is a basis
of H, and angle between two subspaces of H is equal to the angle between the annihilators of
frames of those subspaces.
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Understanding the Barriers in Making the Villages Free from Open
Defecation

Debasree Bose *

ABSTRACT: Sanitation is a way of life, which requires change in attitude and behavior
based on internalization of the need for sanitation. There are many social, economic and other
types of barriers which are faced by the individual or the community in adopting sanitation
practices and making the area ODF. However, sanitation programme in India has remained es-
sentially top down which fails to address the bottlenecks at the said levels and being guided by
a blue print approach even lower units of administration also face bottleneck in implementing
the programme. Therefore, situation in the grass root level in adoption of sanitary practices
seems to change very slowly or is hardly changing in some areas. UNICEF and World Bank
have developed a tool for Bottle Neck Analysis (WASH-BAT) in inter-related sector of Water,
Sanitation and Hygiene. The overall aim of the WASH-BAT is to increase sector resources and
efficiency to achieve more sustainable and equitable outcomes. The core field visit in the GPs
reveal quite contrasting features among ODF and Non-ODF GPs which has been addressed
in the above section. Naturally, the outcome of WASH-BAT complements the causes behind
poor performance of the GPs. The barriers are actually turned out as the main reasons for lack
of progress in the GPs. The paper has also suggested some policies for improvement of such
scenario.

Key words: Sanitation, WASH-BAT, ODF, Gram Panchayat (GP), Community

1. Introduction:
Sanitation is a way of life, which people acquire with general improvement of their social and
economic conditions. That is hardly felt as a need by the people in the rural areas. However,
given the importance of safe sanitation practice for a healthy living and the high burden of
preventable diseases to which people are exposed due to poor sanitary practice the government
has given much importance to making the country ODF (Open Defecation Free). However, it is
also interesting to note that even understanding at the policy level has matured over time and
focus on making compact geographical areas ODF has been given only recently, nearly three
decades after the Central Rural Sanitation Programme (CRSP) was launched and construction
of toilets was the expected programme outcome. Improving sanitary practices requires action
at the level of every individual requiring change in behaviour which also requires more resources
to be invested onetime for acquisition of requires sanitary facilities and small amount of regu-
lar expenditure for procuring soap and other cleaning materials to facilitate rigorous hygiene
practice. Therefore, migration to a better sanitary behaviour requires not only social issues
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related to behaviour changes and demand for required infrastructure but also issues related to
delivery of services for construction of sanitary structures as well as availability of funds. The
latter is associated with both adoption of appropriate policy for allocation of resources and
management of supply for smooth delivery of services. Usually demand of the people is taken
care by the market but due to poor demand operation of market has been limited, particularly
in the rural areas. In this context the government has to step in for both generation of de-
mand and also take care of the supply arrangement as has been adopted in implementation of
sanitation programme in India. The programme interventions should ideally take care all the
issues involving demand of toilets and supply of quality infrastructure for attainment of ODF
status. There has been improvement in approach to sanitation to make the programme more
participatory and led by the people. However, the same has remained essentially top down
which fails to address the bottlenecks at the implementation level.

This paper analyses the bottlenecks found through field survey in the rural areas of Maharash-
tra. The bottlenecks have been identified through two different processes. The first is through
field study conducted for identifying bottlenecks in the year 2014 and 2015 and the second one
is visit to study status of implementation of Swachh Bharat Mission (SBM) in selected ODF
Gram Panchayats (GPs) and poor performing GPs during the year 2016. Main findings are
that there exists severe bottlenecks and the bottlenecks faced to implement the programme
increases as one goes down from the district to the village level. The paper also identifies some
of the required policy changes to remove the bottlenecks in attainment and sustenance of ODF
status in the rural areas, which are generally applicable for the other states also. The first and
the most crucial step to take action against any social problem is to locate the areas of shortfalls
and difficulties that hindering the smooth path of progress. Many have raised concern about
the poor sanitation scenario in rural India; a “social stigma” for which the country had been
fighting a multi-decade battle. Acute state of sanitation in rural India is well known but the
causes behind such condition still remains a puzzle. Sanitation has been accorded with high
priority in National Agenda now a days with the initiation of Swachh Bharat Mission (SBM).
But the situation in the grass root level seems to change very slowly or hardly changing in
some of the cases. The reasons behind such sluggish rate of progress required to be addressed
as soon as possible to let the hard stone rolling. The bottleneck analysis fetches out the existing
barriers in each tiers of hierarchical system of administration in rural Maharashtra.

2. Data and Methodology:
UNICEF and World Bank have developed a tool for Bottle Neck Analysis (WASH-BAT) in
inter- related sector of Water, Sanitation and Hygiene. The overall aim of the WASH-BAT is
to increase sector resources and efficiency to achieve more sustainable and equitable outcomes.
It is basically a sector analysis tool that identifies enabling factors to measure the extent of
bottlenecks by providing suitable scores against each factors. For this study four districts,
namely, Nanded, Osmanabad, Aurangabad and Jalna, with different geographic settings and
performances under SBM, have been chosen. Two blocks from each of these districts, one with
better and the other with worse performance under SBM (G) during the year 2015-16, were
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selected for the study.

Sampling Method: GPs were identified keeping in mind the diversity in performance and
phase of implementation of the SBM across four districts following stratified random sampling
method so that each district must have at least one NGP and one AIP poor performing GP
for the sake of comparison. The study conducted in 13 GPs as shown in the Table 1 below,
which also shows the nature of each GP selected for the study. The study is based on mainly
Focus Group Discussion (FGD) and observations. Hence entire GPs are served as samples of
the study. The community level study was conducted in the villages within the GPs where the
study was conducted and HHs from wide section of the society was consulted to obtain their
feedback.

Table 1: List of GPs Studied and their Features

S1. No. District Block GP Nature of GP
1 Sillod Bharadi ATIP Poor performing
2 Aurangabad Sarati NGP GP
3 Aurangabad Apatgaon AIP Good performing
4 Jowdwadi ATIP Poor performing
5 Ardhapur Delub NGP GP
6 Nanded Amrabad AIP Poor performing
7 Mukhed Tandali AIP Poor performing
8 Lohara Nagral NGP GP
9 Osmanabad | Tuljapur Arli (Khard) AIP Poor performing
10 Sarola NGP GP
11 Mantha Thengewadgaon NGP GP
12 Jalna Ambodakadam | AIP Poor performing
13 Ghanswangi | Maharjawala | AIP Good performing

For the selection of enabling factors an indicator was worked out against every enabling factor
to judge the condition to be satisfied for presence of the factor. There are several aspects to
be judged against each indicator for which five predominant criteria, which need to be satisfied
for having favorable conditions for the enabling factor to be operative, were identified based on
previous experience and prior visit to the field. For Community level the enabling factors were
5 and that for the GP was 10 (same as 2014-15) and those at the Block and ZP levels increased
to 7 from 6 considered during the exercise taken up in the year 2014-15. The ground reality in
respect of each criteria was to be captured through a system of assigning score. Such exercise
tends to become subjective. To avoid subjectivity to the extent possible, the most possible five
scenarios were identified in respect of each criteria through preliminary discussions and field
knowledge gathered from visiting the districts. Thus, each question related to any particular
indicator had five possible levels of responses from most enabling to most obstructing situations
and that helped to classify the replies for assigning scores objectively.

Based on the ground reality, a score in a scale of 0 to 1, in steps of 0.25, has been assigned to
indicate each possible scenario. The scheme of scoring is given in Table 2 below. The score
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is 1 if the criterion has no possibility of facing a bottleneck and the score is 0 if the chance
of facing a bottleneck is very high. The situation in between has been segregated into three
different categories: (i) one with adequate performance which does not substantially affect the
implementation of SBM, (ii) the next condition reflects equal chance of performance or non-
performance and the same has been termed as average performance against the criteria and
(iii) the third condition reflects a more adverse scenario in which severe bottleneck is likely to
be faced but the work does not get stopped and the same has been termed as weak performance
against criteria. The score has been assigned based on the score of the possible response, which
is closest to the actual response for any enabling criterion. All the factors and the criteria
have been given equal weightage since working out relative weightage is neither easy nor felt
necessary. The score of each enabling factor in respect of each tier has been worked out by
taking the average score considering all the responses from that particular tier.

Total score below 2 under any enabling factor has been considered to signify severe bottleneck
and that between 2 and below 4 is considered moderate bottleneck. The analysis presented
below is based on total score under each factor. For easier interpretation of the score those
have been shown in different colours. Red signifies severe bottleneck, yellow signifies moderate
bottleneck and green signifies absence of any significant bottleneck.

Table 2: Scoring Criteria

Score Description

1.00 No issue associated with criterion
0.75 Adequate performance against criterion
0.50  Average performance against criterion
0.25 Weak performance against criterion
0.00 No performance against criterion

3. Results and discussion:
a. Bottlenecks Faced at Community Level

The summarized score sheet for the community is shown in Table 3. There are bottlenecks in all
the five enabling factors of which two are of severe nature. In the analysis of the previous year,
four of the enabling factors faced severe bottlenecks. To appreciate the change in existence of
bottlenecks the scores of the previous year is also shown in the table. The overall score during
the year 2014-15 was 1.5 indicating severe bottlenecks and the same has improved to 2.0, which
is just above severe category implying that there has been a general reduction of the barriers
at the community level. The improvement is maximum for supply arrangement, which is more
driven by the market. The least improvement has been for the social context, which is more
difficult to change and the same is followed by resources available with the GP. In order to
appreciate the association of the bottlenecks with the socio-economic background of the HHs,
the average score of HHs from selected backgrounds are given in Table 4.
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Table 3: Summarized Score Sheet for Community Level BAT

Enabling Factors Score (2015-2016) Score(2014-2015))
Social context 2.2 2.1
Availability of Resources 1.9 1.7
Advocacy for demand generation 2.2 1.3
Supply arrangement 2.1 1.0
Participation and equity 1.8 1.2
Average score 2.0 1.5

Table 4: Average Scores by selected socio-economic profile of the community members

Profile Indicator! Indicator Indicator Indicator Indicator
1 2 3 4 5
Economic level
APL 2.72 2.34 2.19 2.62 1.85
BPL 1.80 1.54 2.16 1.57 1.70
Caste
SC 1.95 1.78 2.60 1.84 1.92
ST 1.62 1.65 1.63 1.57 2.19
VINT 0.41 1.04 0.52 0.42 0.23
OBC 3.00 2.18 2.63 2.75 2.75
Other 3.18 2.46 2.39 3.24 2.58
Open defecation/Not having 1.32 1.07 1.63 1.08 1.40
toilet
Total 2.2 1.9 2.2 2.1 1.8

The most critical bottleneck being faced at the community level is the participation of the peo-
ple and their willingness to improve their sanitary practices. It was found that open defecation
was very common in the study villages. Most critically, no mechanism exists within the com-
munity to watch and keep these villages ODF and clean. Involvement of household members
from weaker sections in making the village ODF was not much encouraging. From Table 4 it is
noted that in relation to community participation the possibility of facing bottlenecks is com-
paratively higher among socially disadvantaged sections and BPL households than the other
caste group members and APL households. This reflects the need for a continuous advocacy
and ensuring participation of all households, particularly the poorer and the socially weaker
sections. The possibility of not facing bottlenecks for community participation is much higher
among the households where the members use the toilets than the households who do not use

!'Note: Indicator 1 denotes “Socio- economic political context”; Indicator 2 denotes “Availability of nec-
essary resources”; Indicator 3 denotes “Demand for construction of toilets”; Indicator 4 denotes “Community
awareness of supply arrangement and its functionality”; and Indicator 5 denotes “Willingness of community to
improve their sanitary practice”. Socially disadvantageous caste group includes households belong to SC, ST,
VJINT and OBC communities.
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toilets or practice open defecation. It implies that the low hanging fruits have been harvested
and there must be greater effort in reaching the weaker and the poorer families to ensure their
participation. Table 5 also revealing that in relation to advocacy and demand generation the
possibility of facing bottlenecks is comparatively higher for BPL than the APL households and
the socially backward sections than the others. The study also found that the sensitization
programs for the poorer or socially weaker section, including tribal population was not very
effective. It clearly indicates that IEC for awareness generation activities have not been taken
up appropriately and adequately. One positive factor is that the villagers were aware of the
ODF goal and willing to achieve that. However, the involvement of the community members
in preparation of the ODEP was limited and many of them were neither aware of ODEP nor
so willing to support its implementation.

b. Bottlenecks Faced at GP Level

Ten enabling factors, which are the same as those used in the earlier exercise, were considered
for understanding the bottlenecks at the GP level. The combined scores for all the GPs visited
in respect of each of the 5 indicators for every enabling factor has been given in Annexure A2.
The summarized score in respect of each enabling factor is given in Table 5 below along with
the corresponding scores of the previous year. There has been a general improvement of the
scores for all the enabling factors and the average score has improved from 1.8 to 2.1 indicating
reduction of bottlenecks at the GP level. However, three of the enabling factors stand to be still
critical due to existence of severe bottlenecks. These are ‘Advocacy for demand generation’,
‘Capacity to deliver and motivation’ and ‘Focus on saturation making GPs ODF". In respect
of the first two of these three factors there has been some improvement over that of the last
year but in respect of the third factor the same status as that of last year has been continu-
ing. However, though there has been improvement in barriers faced at GP level on taking up
advocacy, the response at the community level does not really substantiate that such activities
were actually carried out since the barrier is still severe. So, the effectiveness of advocacy needs
to be looked into. The improvement is probably due to effort by the implementing authori-
ties in improving the various enabling factors. Some of the factors, like supply arrangement
has improved to some extent through market mechanism. However, one should feel concerned
with the bottleneck at the GP level, as it is still far behind the target. Comparative scores
for the two years are shown graphically in Figure 1. The current status and its implication in
implementation of SBM is narrated below for the enabling factors.
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Table 5: Summarized Score Sheet for GP Level BAT

Sl. Gram Panchayat level Score Score
No. (2015-2016) | (2014-2015)
1 | Policy in place on role of GP for implementing SBM 2.5 2.5
2 Institutional framework for implementation of SBM 2.3 1.7
3 Capacity to deliver and motivation 1.9 1.7
4 Supply arrangement 2.4 1.4
5 Advocacy for demand generation 1.8 1.3
6 Resource under its control 2.1 1.8
7 Monitoring and supervision 2.0 1.7
8 Support from Block Development Office (PS) 2.2 1.8
9 Quality and sustainability 2.2 1.7
10 Focus on saturation & making GPs ODF 1.9 1.9
Overall score averaged over all the indicators 2.1 1.8

Figure 1: Changes in bottlenecks at GP level between 2014-15 and 2015-16

Advocacy and environment building

Leadership and motivation

Focus on saturation & making GP ODF

Monitoring and supervision

Overall score averaged over all the indicators
Resource under its control

Quality and sustainability

Support by block/BRC

Institutional framework for implementation of SBM
Supply arrangement

Policy in place on role of GP for implementing SBM

2014-15 =2015-16 0 1 , 3

Advocacy and demand generation seems to be the most important bottleneck at the GP level
although there has been some improvement. Though, in most of the GPs IEC materials de-
veloped by the state are available for use but there is no uniformity in implementation of TEC
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activity. Nirmal Doots designated to promote awareness and encourage toilet usage through
IEC activities are also not there and use of community workers like ASHA /Anganwadi workers
etc. or civil society members is limited. Initiatives taken up by GPs to promote IEC including
IPC to meet local need are insufficient. Due to lack of fund hardly any IEC activity is performed
by the GPs of their own though some GPs took IEC activities which involved no or little cost.
Lack of focus on reaching saturation by universalizing coverage of household toilets for making
the villages ODF is the only enabling factor for which there has been no improvement over
the year. So, it continues to be one of the most critical bottleneck at the GP level. Many
GPs are not that serious to take action against those defecating in the open for which strong
directive is necessary from the government. In a project for demonstration of ICT for improved
and evidence-based monitoring of sanitation status by RF, all the 10 GPs taken up under the
project were found to have all their 101 Hagandaris in use.

Many GPs reported that due to non-availability of specific guideline from Government they
could not use the 14th FC fund for sanitation program. Use of MGNREGS fund for construct-
ing toilets is possible but the GP functionaries are apprehensive of the cumbersome and lengthy
processes. However, own resources of the GPs are inadequate for making substantial invest-
ment in improving sanitation. Therefore, the GPs are not able to provide support to repair
the defunct toilets, which have been kept outside the scope of the activities to be funded under
SBM. . It was also observed that there is a lack of adequate knowledge on the technical aspects
of the structure of the underground pits and other features of a hygienic toilet. However, the
support from the Block Development Offices has improved over the last one year. However
substantial bottlenecks still exist and this is an area where further improvement is possible
through administrative efforts. The main areas which require improvement are timely sharing
of all GRs and explaining the same to all the functionaries of the GPs, more frequent visit of the
block officials and Junior Engineer (JE) for technical guidance and taking measurements and
promptly addressing the problems reported by the GPs or observed by the block functionaries.
GPs have operational freedom to take up sanitation works within the guidelines of the SBM.
However, GP functionaries have neither any clearly defined accountability to the elected rep-
resentatives or the people for implementation of SBM nor the Sarpanches/Gram Sabha are so
empowered to demand accountability from the GSs.

Lack of proper supply arrangement is another bottleneck in this aspect, though the situation
has improved over the last one year. Since total number of construction has increased that has
resulted in widening the market and the market mechanism has probably resulted in reduction
of bottleneck in this respect. There are relatively fewer bottlenecks related to policy on role
of GP in implementing SBM. However, the functional responsibilities are not so institutional
assigning providing access to sanitation as a core function of the GP. Only few GPs feel that
making the area ODF is their responsibility as a local Government.

c. Bottlenecks Faced at Block Level
Eight blocks of four districts were selected for understanding the bottlenecks at the block level.
One of the block in each district had good performance during the current year while the other
had poor performance. The study team visited all the eight blocks but required interaction
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was not possible in two blocks because persons concerned were not available. Some information
were gathered from those blocks but those have not been used for scoring the enabling factors.
The role of the block is mostly of supportive and supervisory nature, which is very critical for
activating the entire GP and community level processes. Timely flow of fund has been found to
be an important enabling factor requiring better understanding of the issues involved. There-
fore, a separate factor on Fund Flow has been added in the study of 2015-16, which makes the
total number of enabling factors to be 7 for the block level analysis. The summarized score
sheet is placed in Table 6 below along with corresponding score for the previous year.

Table 5: Summarized Score Sheet for GP Level BAT

Sl. Block/Panchayat Samiti level Score Score
No. (2015-2016) | (2014-2015)

1 | Policy on role of block (PS) in implementing SBM 2.6 2.8

2 Institutional framework for delivery 2.3 2.5

3 Fund flow and related processes 1.8 -

4 Capacity to deliver and motivation 1.9 1.7

5 Advocacy for demand generation 2.2 1.4

6 Support received from ZP 3.1 3.3

7 Monitoring and supervision 2.2 1.7

Overall score averaged over all the indicators 2.3 2.2

There has been substantial improvement in ‘Advocacy and environment building’ followed by
‘Monitoring and supervision’. There has been a marginal decline in score for ‘Support received
from ZP’ although that has the highest score indicating least bottleneck among all the block
level enabling factors. It may be mentioned that support received from KRCs has been added in
the current year as an indicator under this category. The average score has improved marginally
from 2.2 worked out in the previous year to 2.3. However, the newly added factor has a score
of 1.8, which has pulled down the average score. This indicates that implementation of the
program has gradually contributed to removing bottlenecks.

The most severe bottlenecks at the block level are those related to flow of fund to the ben-
eficiaries and meeting financial requirement at the block office. Procedural delay is common
in sanctioning the proposals from GPs for construction of IHHLs. Though one third of the
blocks have an annual budget for IEC or training but flow of fund for taking up such activities
is very limited and uncertain. The rest of the blocks do not have any scope to spend money
for such activities. The other serious bottleneck at the block level is the lack of capacity and
motivation to take up the challenge of making the area ODF in a time bound manner. Train-
ings for BRC and CRC staff are also not adequate. Many blocks do not have trained BRC or
CRC. Average vacancy of the BRCs and the CRCs were 22% and 26% respectively. However,
the same varies widely across districts, from nil to 63% for the former and 9 to 44% for the
latter category. Further, infrastructural arrangement is also not adequate for them to perform
their responsibilities. The score on the policy framework is higher than many other enabling
factors but there has been a marginal decline in the score compared to that of the last year.
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There is scope for improvement in the policy framework so that the PS has more clearly defined
roles in implementation of SBM. Resources for discharging such responsibilities should also be
available with as little dependence on higher tiers as possible. A substantial proportion of the
block level employees feel that responsibilities are not clearly assigned or they find the GRs
difficult to understand. Except in a few blocks, allocated fund is not sufficient and fund flow is
rather irregular.

d. Bottlenecks Faced at ZP Level The bottlenecks faced at the ZP level have been
worked out using the ZP level tools in four ZPs, namely Nanded, Aurangabad, Jalna and
Osmanabad districts. The enabling factors used for ZP has remained the same as that of the
last year except that fund flow and related processes has been added as a new factor, similar

to what has been done for the block level analysis. The summarized score sheet is shown in
Table 7 below.

Table 7: Summarized Score Sheet for District Level analysis

Sl Block/Panchayat Samiti level Score Score
No. (2015-2016) | (2014-2015)

1 Policy on role of ZP in implementing SBM 2.7 3.1

2 Institutional framework for delivery 2.4 2.4

3 Fund flow and related processes 3.0 -

4 Capacity to deliver and motivation 3.0 3.4

5 Advocacy and demand generation 2.5 1.9

6 Support received from state government 3.1 3.3

7 Monitoring and supervision 2.8 1.9

Overall score averaged over all the indicators 2.8 2.7

The lowest score among all the enabling factors for ZP level analysis is for institutional frame-
work for delivery. Though, many ZP functionaries have all the GRs with them, but responsi-
bilities are not clearly assigned to many of them. . Overall vacancy of DWSM has been 28%
which varied from 19% to 38%. ZP functionaries are held responsible for any failure by the
political executives in two districts while ZP functionaries have never been asked to explain any
poor performance in the other two districts, implying poor functional accountability. Again,
understanding of the state policy and responsibility of ZP differs across the districts. In half of
the districts, ZP functionaries own the programme and have clear understanding of their role
as assigned to ZP through GRs, while in the remaining districts, the work of ZP functionaries
are getting affected in the absence of clarity of such understanding. From the field experience,
it seems that involvement of CEO in personally monitoring SBM makes a lot of difference and
the state has to ensure their involvement in monitoring of SBM. During the last one year, ZP
functionaries of one district did not face any shortage of funds for releasing incentive. However,
receiving allotted fund from treasuries for being credited in SBM account normally takes more
than a month, which delays the process of fund utilization. In two districts, MGNREGS funds
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are used to construct 25% or more of total construction while in the remaining two districts
MGNREGS funds is used only in selected blocks.

e. Overall assessment of bottlenecks at various levels The summarized average
scores reflecting overall bottlenecks faced at different levels is shown in the Table 8.

Table 8: Average Scores during the Two Years

Level Community | GP | Block | ZP
Average score (2015-16) 2.0 2.1 23 |28
Average score (2014-15) 1.5 1.8 22 |27

Table 8 clearly shows that severity of bottlenecks faced is highest at the community level.
Average score for ZP is the highest at 2.8 which declined to 2.3 for PS and 2.1 for GP. Average
score for community level is 2.0, which is the lowest but marginally above the score for GP
level bottlenecks. However, the general pattern of more severity of bottlenecks faced at lower
levels compared to those faced by the higher tiers, like that of the previous year. The maximum
improvement during the last one year has taken place at the community level followed by that
at the GP level. The improvement in these two levels were higher since the absolute level of
bottlenecks were quite low in the previous year and it was easier to improve from that level.
Therefore, even small interventions resulted in reduction of the bottlenecks to some extent.
The change in average incidence of bottleneck being faced at different levels as one moves from
ZP to the community level is shown schematically in Figure 2.

Figure 2: Change in Average Score Reflecting Incidence of Bottlenecks across

Tiers
Average Score during 2015-16 Average Score during 2014-15
zp 2.8 zp
Block 23 Block
GP 2.1 GP
Community 2.0 Community
3 2 1 0 1 2 3 3 2 1 0 1 2 3
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Table 10: Scores for Common Enabling Factors across Three Tier Panchayats

Enabling factors ZP | Block | GP
Institutional framework for delivery | 2.4 | 2.3 | 2.3
Advocacy & demand generation 25 22 |18
Support from higher tier 3.1 3.1 2.2
Monitoring and supervision 2.8 | 2.2 1.9
Overall incidence of bottleneck 28 1 23 |21

Table 10 provides the scores of enabling factors which are common in all the tiers of Pan-
chayats, which also corroborates of growing bottlenecks faced at the lower levels. Therefore,
maximum attention has to be paid in the community and the GP levels. It may be mentioned
that since the administrative arrangement is from top to bottom, the responsibility of reducing
the bottlenecks at any particular level rests on the higher tiers.

4. Conclusion & Suggestions:
The core field visit in the GPs reveal quite contrasting features among ODF and Non-ODF
GPs which has been addressed in the above section. Naturally, the outcome of WASH-BAT
complements the causes behind poor performance of the GPs. The bottlenecks are actually
turned out as the main reasons for lack of progress in the GPs. After analyzing the ground
reality some suggestions are made which are as follows:

1. Table 9 and 10 and Graph 3 showing the bottlenecks at various levels clearly indicate
that there is more severity of bottlenecks in the community levels, in spite of having the
maximum improvement in the last one year. There is no alternative but to strengthen
IEC IPC activities for covering every household by the GPs. In order to trigger the IEC
process there must be one major IEC event in every village taken under AIP within a
couple of months of approval of the plan. The IEC plan should be evolved from such
plans for each AIP GP. The GP will release the materials to the very poor families and
those will be recouped once the family receives the incentive. There has to be a special
plan for making those toilets functional.

2. The most critical bottleneck is inability of the GP in conducting intensive advocacy for
generating demand and changing attitude and behavior of every individual particularly
the weaker sections, towards sanitation. Capacity of the GP level functionaries and other
interested persons/NGOs should be enhanced to be able to conduct intense and sustained
campaign and the GP should be provided with fund by the ZP, as a part of IEC plan for
that purpose. The IEC campaign should include all children in schools and ICDS centres
since the change of attitude and behaviour is easiest at that age. The teachers and the
Anganwadi workers are to be associated with advocacy activities in general and within
their institutions in particular.
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3. Improvement in all processes associated with release of incentives, say within one month
of submitting the claim to the GP, will be very critical. It should also be ensured that
the block sends the proposal for release incentive to the ZP within a week. The human
resources available at the block level is inadequate, which may be improved by filling
the vacant posts of BRCs and CRCs. Advocacy for generation of demand and change in
attitude and behaviour is the other critical area requiring improvement. The blocks do
take up advocacy but the same is very inadequate. Every block should have an advocacy
plan with sub plan for every AIP GP.

4. The ZP has to take measures for establishing necessary procedure to be followed at each
level, watch for its compliance and to coordinate among the three tiers. The ZP and the
block should not take more than a week at respective levels for processing the cases. ZP
should involve preparing IEC plan for each tier and to build up the plan from GP to
block and from block to ZP. The focus of the plan should be to reach the most backward
areas and weaker communities, which will require proper monitoring by the ZP. The
other important areas for overall improvement is to strengthen the capacity at all levels
by organizing training and exposure visits, coordinating with the KRCs to meet specific
needs and to extend all supports to the blocks and GPs to meet their needs in being able
to discharge their responsibilities.

Acknowledgement: UNICEF had supported and funded the entire survey. I highly acknowl-
edge Dr. M. N. Roy to give the author the opportunity to be a part of this project.
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A study on the scope and application of computer assisted GIS
system: a brief review

Kaustabi Maitra (Choudhury) *

Abstract: Geographical Information System (GIS) helps to measure and represent geograph-
ical phenomena by user or people. GIS is nothing without its own creative software. Defining
GIS have various concepts with limitations. Recent literature review includes the different
types of specialized software using different areas, creating thematic maps depending on raster
and vector data set. Thus it is essential to gain knowledge on the different GIS based software
that are presently used and understand the scope of applications of these softwares in physical
determination of locations from a geographical perspective.

Key words: GIS, Software, Raster, Vector, Mapping

Introduction:

Writing the explanation of GIS and different software used in different subject is a deep
task to some extent, each writer can define the meaning of those features of GIS for a limited
purpose. Lewise Carroll, as a mathematician, opined that “When I use a word, it means what
I choose it to mean-neither more nor less” (Carroll 1987). This essentially means that while
defining any specific term, it is the understanding of the author that is more important rather
than restricting to a single rigid definition. Keeping this in mind we find that different authors
have defined GIS differently. Thus, there are many definitions of GIS by various authors:

“A powerful set of tools for collecting, storing, retrieving at will, transforming and displaying
spatial data from the real world” (Burrough 1987)

“A system which uses a spatial data base to provide answers to quarries of a geographical
nature” (Goodchild 1985)

“An internally referenced, automated, spatial, information system” (Berry 1986)

“A special-purpose digital database in which a common spatial coordinate system is the pri-
mary means of reference” (Garg 2017)

“A decision support computer based systems for collecting, storing, presenting and analyzing
geographical spatial information” (Reddy 2008).

The term ‘GIS’ is an acronym used for geographic information system that refers to a sys-
tem designed to capture, store, manipulate, analyze, manage, and present spatial or geographic
data (https://en.wikipedia.org/wiki/Geographic_information_system). In France it is SIG
which stands for Systems d’Information Geographiques. According to British author it is ‘Ge-
ographical Information System’ (Burrough1986). In historical time it was Canada geographic
information system. After that it was known as geographic information system (Tomlinson1966,
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1967). Basically, the GIS based software can be operated by computer programming language
like Oracle, SQL and C++4. However, explaining the meaning of GIS and its uses by different
software can enhance our knowledge and help us to build a platform for easy understanding.

The developments of different GIS software have provided the geographers to locate spe-
cific physical locations on a spatial and temporal scale by using computer based applications.
This review on the basis of theoretical knowledge is a short description on applicability of GIS
software. Furthermore, an attempt has been made to highlight the scope of usage of these
softwares from a geographical perspective.

How does GIS work?

To prepare the thematic map and dataset through GIS we need to know about its compo-
nents. There are two components. These are—
1. Hardware: - these are the hard parts of a computer. It consists of seven parts as has been
represented in the under mentioned schematic diagram.

Plotter

VDU = Visual Display Unit
CPU = Central Processing Unit

CPU, VDU, Disk, Tape drive are input device and Plotter, Scanner, Printer are output device.

2. Software: - These systems consist of five technical modules. They are as follows:
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Input

Collection, Input, Verification
Data Storage and database management

Manipulation and analysis

l

Output and presentation

Data transformation

Without those processes we can’t prepare a thematic map.

Database creation by software:

As we know that software is an internal function of a computer. GIS based software are
used for creating map, geographical data by pixel counting and line, point polygon. These data
are raw materials from which we get to know the land information. This data is built and
are assembled into records and files. All the information is build depending on geographical
XYcoordinates.

GIS data is two types. Raster data and vector data.

1. Raster data: A raster data locates, stores and represent graphical data by using grid or
cells or matrix. Raster data resolution is dependent on pixel or grid size. It may vary from
meter to many kilometers. It is two dimensional. Pixel is located by XY coordinates. Raster
data is the example of Digital terrain models (DTM) and Digital elevation models (DEM).This
data or method is suitable for map overlaying, map combination from which we can find out
the past and present event of a map.

2. Vector data: The coordinates can assume in all positions, lengths, dimensions which
is defined by vector data structure as point, line, polygon for any geographical information.
Vector data are used for network analysis, topological modeling.

Invention of GIS software and its application areas:
GIS software is used for the geo referenced data and digital map in various application area.
These all are the open source software.
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Desktop GIS
Name of Source of Application Process/method | Operating
software invention areas system
GRASS GIS | The United States Land Raster, OS X, Windows,
(Geographic | Army Corps of management, topological Linux
Resource Engineers (USACE) | environmental modeling,
Analysis planning network
Support analysis, image
System) processing
gv SIG Spanish regional Complex Network Java, Linux,
(Generalitat | authority management and | analysis Windows, Mac
Valenciana plaaning problem Geoprocessing, 0SX
Geographical | in any field layout creation
Information
System. GIS
is SIG which
is Spanish
word)
ILWIS International Land use Image Microsoft window,
(Integrated Institute for Geo- planning and processing Linux Wine
Land and Information watershed raster analysis
Water Science and Earth management module, high
Information | Observation, precision,
System) Netherlands flexible vector
and point
digitization
module, DEM
in topological
optimization,
drainage network
extraction,
catchment
extraction,
histogram
JUMP Vivid Solution Inc. | Provincial Analyze data in Windows, Linux,
GIS(JAVA boundaries, GML format. Unix, Macintosh
Unified power-station
Mapping location, roads
Platform) and river location

sustainable
resource
management
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Map Window | United States Watershed Vector and point | Windows, Vista
GIS Environmental analysis, digitization,

Protection Agency | stream ordering,
(USEPA)
QGIS Gary Sherman, All physical and | Vector and raster | Windows, Linux,
(Quantum Open source cultural areas data creation Unix, Mac OSX,
GIS) Geospatial ,planning including Android (beta)
foundation buffering, image
analysis

COMMERCIAL GIS:

Name of software

Name of company

Application areas

ENVI (Environment for
Visualizing Images)

Developed by David Stern,
University of Colorado.
Market or by IIT

Engineering, geology, defense,
aerospace, intelligence, medica
environmental

ERDUS Imagine

Hexagon AB group,
Sweden

Land use, land cover change,
deforestation, by the process from
satellite imagery AVHRR, Landsat
MSS, TM, Spot

Arc GIS, Arc View, ArcMap,
ArcSDE, ArcIMS, ArcGIS

Server

ESRI (Environmental
Systems Research Institute,
Redlands, California)

Land use mapping, environmental
degradation, Biodiversity zoning

MaplInfo Professional,
Spectrum, Envinsa, Map
Xtreme Java, Map Xtreme
2005

MaplInfo Corporation,
North Greebush, New
York

Route analysis, demographic data
analysis industrial location.

GIS mapping types:

GIS software is preparing thematic maps by using point, line and polygon symbols to sho
the density, influential zone, locate a particular place, biological distribution, sho the increasing
or decreasing value by applying statistical methods and using TIN model, DEM.

Buffering is a method in GIS to understand as to how large area will be influenced by a
particular area. For example, in the given map point symbol represent a hospital and the two
circles surrounding the point indicate nearest and longest influential zone. Buffering is also

useful for commercial purpose.

Another method is geographical overlay in a buffering zone. For example, this is a map of
an overlay on demography assigning between four layers based on the percentage of data for
estimated increase in population, estimated median age and private households in territories,

buffering zone.
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Data classification method is represented by mean, standard deviation, equal weight. This
is the map of Victoria and its suburb area here the attribute is population under the age of 65
years. Quartile distributions have shown from 1st to 5th range according to percentage. These
ranges have classified the data.

TIN means Triangulated Irregular Network. This method by using polygon can show the
smallest divisions of influential area for representing different attribute data. This is the map
here all metro stations are located and the influential areas surrounding metro stations are
shown by Thiessem Polygon divides the study area by TIN method. Population data has been
classified according to ascending order. This population is shown in the influential areas.

(A

- ©

T 15t Qunttie (20 0% or mare age 65+ )

1 208 Quintie (16.7% to 20.0% age 65+)

1 3nd Quintie (13.8% to 16.7% age 65+)
4 Quantie {11.0% 10 13.9% age 65+)

S Quintie (11.0% and below age 65+)

Source: https://www.caliper.conv/i itude/gis software/defanlt. htm

A: Buffering B. Polygon showing areas of influence by tniangulated iregular
network (TIN) C. Geographic overlaying depending on the data of demography
ofbuffers D. Data classification by standard deviation. Mean, quartile E.
Hotspots F. Surface analysis by DEM (Digital Elevation Model)
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An overview on the spatial distribution of major communicable
diseases in Malda district, India
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Abstract

The concept of disease can be described from various point of views. Diseases may be com-
pared with an iceberg. The small floating part of iceberg represents what the physician can
see. Rest of the submerge portion of iceberg may be compared with the hidden responsible
factors of diseases, what the physician does not see. Geographical studies play vital role to find
out spatio-temporal analysis and cause-effect relation of any disease. This study will portrait
the block wise spatial distribution that includes the concentration as well as dispersal of ma-
jor communicable diseases in Malda district of West Bengal. In this research work, Location
Quotient has been considered as the major analytical technique. For each disease, district level
comparative study has been discussed to find out the position of study district in West Bengal.
After that an effort has been made to portrait block wise spatial distribution to highlight the
concentration as well as dispersal of major communicable diseases as compared to district level
average condition. The spatial analysis of diseases is very much useful for decision maker and
planner to prevent as well as for the eradication of diseases from any place. It provides the real
scenario of disease distribution and their growth pattern over a time period in any region.

Key words: Disease, epidemiology, ice berg concept, communicable diseases, spatial analysis.

Introduction:

The concept of disease may be described from various points of views. As per Webster definition,
disease is “a condition in which body health is impaired, a departure from a state of health,
an alteration of the human body interrupting the performance of vital functions” (Park, 2013).
The Oxford English Dictionary defines disease as “a condition of the body or some part or organ
of the body in which its functions are disrupted or damaged” (Park, 2013). Ecological concept
considers disease as maladjustment situation between human organism and the environment.
Sociological perspective considers disease as a common social phenomenon, which is found in
all societies. However, there are little differences among the concepts of disease, illness, and
sickness. According to the Susser (1971) these terms may be described as:

o Disease is a physiological or psychological dysfunction.

*Assistant Professor, Department of Geography, Turku Hansda Lapsa Hemram Mahavidyalay, Birbhum
(W.B.), email- mdhasanaskari90@Qgmail.com

T Assistant Professor, Department of Geography, Visva-Bharati, Santiniketan (W.B.),
email- krishguptal(0@gmail.com
Received: 18 January 2020 / Accepted: 20 June 2020

87



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

 Illness is a subjective state of the person who feels aware of not being well.
» Sickness is a state of social dysfunction i.e. a role that the individual assumes when ill.

Epidemiological concept of disease

The term epidemiology has been sourced from the word ‘epidemic’, which consists of three
words; these are ‘epi’ (among), ‘demos’ (people), and ‘logos’ (study). Some definitions of
epidemiology are given below:

» The study of the distribution and determinants of disease frequency in man (MacMahon,
1960).

e “The study of the distribution and determinants of health-related states or events in
specified populations, and the application of this study to the control of health problems”
(Last, 1988).

Epidemiological study mainly deals with three major components. First, studies of disease
frequency; second, studies of the distribution; and third, studies of the determinants.

Diseases may be compared with an iceberg (see fig. 1). The small floating part of iceberg rep-
resents what the physician can see. Rest of the submerge portion of iceberg may be compared
with the large hidden mass of disease, what the physician does not see.

Symptomatic

What the :
disease

physician sees

What the physician

does not see Pre-symptomatic disease

Source: Park, 2013

Fig. 1: Iceberg concept of diseases

In this study, major prevalent communicable diseases of Malda district have been shown to
reveal the present scenario of disease epidemiology.

Objectives
The main objective of the study is to portrait the block wise spatial distribution that includes
the concentration as well as dispersal of major communicable diseases in Malda district.
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Data sources and Methodology

The study is based on secondary data; collected from different sources, such as, population
related data were taken from Census of India; health related data were collected from Gazetteer
of Malda district written by Lambourne (1918), Chief Medical Officer of Health (CMOH) office
of Malda district, Deputy Chief Medical Officer of Health (Dy. CHOH) of Malda district,
Swastha Bhavana in Kolkata.

In this study ‘Location Quotient’ has been considered as the major analytical technique. For
each disease, district level comparative study has been discussed to find out the position of
Malda district in West Bengal. Although, the study excludes districts like Kolkata and other
new districts that have been included with their respective mother districts. After that the
study will portrait block wise spatial distribution and then concentration as well as dispersal
of major communicable diseases as compared to district level average condition. Location
Quotient can be symbolically defined as

_ Pij/Pi
LOi —
Qi Pj/P

Where, Pij= patients in jth disease (= Kala azar, Malaria..n) category of block i= (1,2,..n)
Pi= total number of patients jth disease category

Pj= sum of all patients under j disease category of block i

P= sum of all patients in the district

Study area

The Malda district, in the state of West Bengal lies between 24°40°20” N to 25°32’08” N lati-
tude, and the longitude is 87°45’50” E to 88°28'10” E (Fig. 2). The district covers an area of
3,733 square kilometres. The district comprises two subdivisions: Chanchal and Malda Sadar.
English Bazar is the district headquarters. There are 15 development blocks, 2 municipalities
(The Portal of North Bengal).

89



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

WEST BENGAL IN INDIA
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Fig. 2: Location map of Study area

Limitations of the study

The present study, however, has some limitations such as it focused on spatial analysis of major
communicable diseases but no field survey has been done for each disease, because the study
considered numerous numbers of diseases to portrait the overall picture of disease distribution
from the spatial point of view.

Discussion

Spatial distribution of major communicable diseases in Malda district

From the ancient history of Malda district, it is safe to say that occurrence of various diseases
like malarious fever, cholera, small pox were very common, but ‘none of these continue with
such persistence as to be properly classed with endemics’ (Hunter, 1876). Among above said
diseases the outbreak of malaria fever always took place in rainy season. The outbreak took
place due to unavailability of medical treatment and misguide of local not qualified practition-
ers. The other common disease was cholera in the outlying parts of the district. The occurrence
of this disease took place during rainy season. Although the accurate statistics is unavailable,
but a table furnished by the Civil Surgeon consists the occurrence of diseases among the pris-
oners in the Malda Jail has been given below (fig. 3) which may show the distribution pattern
of diseases in ancient time.
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Fig. 3: Distribution of Diseases occurred among the prisoners in the Malda Jail

Another important report by Lambourn (1918) stated that malarial fever was most affecting
disease than small pox, cholera and others. The description of mosquitoes by Ralph Fitch in
1556 supports the prevalence of malaria in Malda district. He mentioned that ‘the muscatoes
of Gouren were very big’. Besides fever, cholera, small pox many others diseases like diarrhoeal,
dysentery, rheumatism, anaemia, hydrocele, worms, skin and eye affections were very common
diseases in Malda district.

In spite of the remarkable performance in health sector of India, the communicable diseases
remain the major public health problem (Narain, 2016). At present in Malda district, major
communicable diseases are Malaria, Kala-azar, Diarrhoeal, Enteric Fever, Pneumonia, Acute
respiratory infections, Bacillary dysentery. The importance of discussion related to spatial dis-
tribution is to find out the areas having concentration and dispersal of any disease, which will
help to investigate the determinants of occurrence of diseases in future.

Malaria

Malaria is a vector-borne disease caused by infection with parasites of the genus Plasmodium
and transmitted to the people by the infected female Anopheles mosquito. Any person residing
or travelling to malaria prevalent country is at vulnerable condition to be attacked by the
disease. The clinical features of malaria vary from mild to severe which is complicated, depends
on the type of existing parasite species, the immunity power of the patient, intensity of the
infection and other concomitant conditions like malnutrition. Tropical or sub-tropical areas
of Asia, Africa and Central as well as South America are more vulnerable to malaria. In the
whole world near about 216 million cases of malaria were accounted in 2010. Among them
about 81 percent cases concentrated in Africa region followed by the South-east Asia region
(13 percent) and East Mediterranean (5 percent). In India 1.31 million people were affected
by malaria (Park, 2013). In the year 2012, about 207 million malaria cases and approximately
0.63 million of deaths were estimated by World Health Organization (WHO, 2013).

The given map (no. 4) shows spatial distribution of Malaria disease in different districts of
West Bengal. The map reveals that among all districts (excluding Kolkata) few districts such

91



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

as Malda, Murshidabad, Puruliya, PurbaMednipur and Howrah were affected badly.

WEST BENGAL - MALDA DISTRICT
N
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affected patients
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Fig. 4: Spatial pattern of location quotient values in respect of malaria affected patients in
West Bengal and Malda district

As per Hunter report which is given above (fig. no. 3), Malaria is one of the prevalent
diseases in Malda district from ancient period. To portrait the concentration and dispersal of
malaria disease, spatial distribution of location quotient values has been given in figure (no. 4).
From the map it is clear that high concentration of malaria patients with more than district
level average may be found in Chanchal- I, Manikchak, Kaliachak- IT and III blocks. The given
map also highlights that most of the blocks appeared with less number of patients with less
than district level average location quotient value (< 1).

Kala — Azar

Kala-azar (also known as Visceral Leishmania) can be characterized as slow progressing in-
digenous disease caused by a protozoan parasite of the genus Leishmania, which primarily
infects the bone marrow, spleen and liver. In India, Phlebotomies argentipes is only one sand
fly vector of Kala-azar. Sand flies are very small insects with the body length of 1.5 to 3.5
mm. Favourable environment for the breeding of sand flies are high relative humidity, warm
temperature, high sub soil water and abundance of vegetation, micro climatic conditions with
high organic matter which is a food of larvae. The life cycle of sand fly takes more than a
month, which may vary in various environmental factors like temperature and other ecological
conditions. The global incidence of kala azar is about half a million per year, among them 90
percent of cases are found in Bangladesh, Brazil, India, Nepal Sudan (Desjeux, 2001). It has
been estimated that about 200 million people in the Indian subcontinent are vulnerable to be
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attacked by kala azar (Joshi, et.al, 2008).

The table (no. 1) supports that the condition of West Bengal is alarming in case of Kala-azar
distribution accounting for 595 people were affected in 2012 and which is increased to 995 in
the year of 2013. The state, West Bengal acquires third rank after Bihar and Jharkhand.

Table 1 Kala-azar affected states of India

Number of affected people

Affected States 5012 5013
Assam 4 6
Bihar 10730 16036
Delhi 6 11
Jharkhand 2515 3535
Sikkim 8 5
Uttrakhand 0 7
Uttar Pradesh | 11 5
West Bengal 595 995
Total 13869 20600

Source- National Health Portal

The epidemic of Kala azar (black fever) holds slight better condition in West Bengal because
many districts were not affected by the disease in the year 2014, although the high concentration
of said disease found in very few numbers of districts, for which the district hold three rank. The
given map (no. 5) shows the condition was alarming in Malda, Uttar and Dakshin Dinajpur,
Darjeeling districts. The map also reveals that north Bengal is more vulnerable to be affected
by the disease as compared to the south Bengal.
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Fig. 5: Spatial pattern of location quotient values in respect of kalaazar affected patients in
West Bengal and Malda district

The given figure (no. 5) shows that many of blocks like Harishchandrapur- I, Chanchal- I,
Englishbazar, Kaliachak- I and II appeared with no disease cases. Whereas high concentration
of kala azar patients found in Harishchandrapur- II, Gazole, Habibpur, Old Malda blocks hav-
ing more than district level average value. The opposite picture that is low concentration of
patients may be found in Ratua- I and II, Manikchak blocks .

Diarrhoeal

Diarrhoeal is the symptom of gastrointestinal infection, which may be defined as passage of
three or more loose or liquid stools per day or more frequently than is normal for the individual.
The disease can be caused by a variety of viral, parasitic and bacteria organisms (National
Health Portal). Consumption of contaminated food or drinking water or poor hygiene are the
responsible factors for the spread of this type of disease, which may lead to fluid loss and
often may be life threatening specially for the young children. There may be variation in the
occurrence of diarrhoeal in various season, like in summer season bacterial diarrhoeal occurs
more frequently, whereas viral diarrhoeal (mainly caused by rotavirus) hold peak position during
the winter (Park, 2013). Diarrhoeal disease appeared as one of the top three killers of children in
the world today (Curtis and Cairncross, 2003). Every year almost 2.5 billion cases of diarrhoeal
likely to result in death and most of these cases occur in Africa and south Asia (Mihrete, 2014).
Diarrhoeal is a global burden which causes 4 percent of all deaths and 5 percent of health loss
to disability (Bbaale, 2011). As per UNICEF report diarrhoeal is very common disease in the
world specially India, Nigeria, Afghanistan, Pakistan and Ethiopia accounting for nearly 1.3
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million deaths took place among children in the year 2000 worldwide. Although, the number
of deaths due to diarrhoeal decreased in 2011, accounting for 0.7 million (UNICEF, 2012). In
India, about 10.6 million diarrhoeal cases were reported with 1293 deaths (Gol, 2011).
Diarrhoeal is one of the frightening health problems in different districts of West Bengal. The
map (no. 6) highlights that maximum districts were reported with remarkable numbers of
diarrhoeal cases. As like others district Malda district hold disquieting condition with more
than state level average of diarrhoeal incidents.
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Fig. 6: Spatial pattern of location quotient values in respect of diarrhoeal affected patients in
West Bengal and Malda district

To highlight the concentration and dispersal in different blocks of Malda district, a map
has been given in figure (no. 6). The map highlights that five number of blocks namely
Harishchandrapur- I, Chanchal- I, Kaliachak- I,IT and III appeared with high concentration of
diarrhoeal patients. Whereas, moderate to low concentration of said patients found in most of
the blocks. High dispersal of diarrhoeal patients may be found in Harishchandrapur- 11, Ratua-
I and II, Gazole and Bamongola blocks.

Enteric Fever

The term ‘enteric fever’ includes both typhoid and paratyphoid fevers caused by the systemic
infection mainly S. Typhi. Symptoms of enteric fever are high fever, malaise, headache, di-
arrhoeal, rose colored spots on the chest, enlarged spleen and liver etc. Enteric fever is a
global burden of health particularly where water supplies and sanitation conditions are bad to
moderate. It was estimated that in the year 2000, total of 21.7 million illnesses and 217000
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deaths were occurred due to typhoid in addition to 5.4 million illnesses were occurred due to
paratyphoid fever (Crump et. al., 2004). As per WHO report, 21 million cases were reported
in the year, 2004 and maximum cases occurred in Asia (WHO, 2008). In India, this situation
is also in alarming condition, because 1.06 million cases including 346 deaths were reported in
2011 (Gol, 2011). The state West Bengal prevailed with its spatial variation in distribution of
Enteric fever disease. Most of the districts including Malda district consist of more than state
level average disease incidents. The given map (no. 7) showed two districts of north Bengal
namely Darjeeling and Malda arose with maximum disease concentration. The map also reveals
that in the year 2014, districts of south Bengal were more affected than north Bengal by the
said disease.
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Fig. 8: Spatial pattern of location quotient values in respect of pneumonia affected patients in
West Bengal and Malda district

The map (no. 7) shows high concentration of enteric fever patients found in Chanchal- II,
Harishchandrapur- II, Bamongola, Habibpur and Kaliachak- I blocks with more than district
level average location quotient value (i.e. >1). The map also highlights that no patient has
been reported in Ratua- I and Englishbazar blocks, addition to high dispersal in distribution
of patients found in Harishchandrapur- I, Chanchal- I, Gazole, Kaliachak- II and III blocks.

Pneumonia

Pneumonia is one of a health hazards worldwide especially in India. It primarily affects the air
sacs of lungs called as alveoli, which is responsible for inflammation of tissue in one or both
lungs. This disease is mainly the result of infection with viruses or bacteria and less commonly
other micro-organisms. There are lots of symptoms of Pneumonia, among them some common
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symptoms are: difficulty in breathing such as breathing may be rapid and shallow, rapid
heartbeat, fever, sweating and shivering, loss of appetite, pain in chest, blood during cough,
headache, vomiting etc. The impact of this disease can be classified into two complications; one
is Pleurisy which is inflammation of the pleura, other is septicaemia which can be characterized
as blood poisoning. The report by the UNICEF shows that in 2010 near about 3.97 lakhs
children less than 5 years old died due to pneumonia in India (National Health Portal).

In all districts of West Bengal, the prevalence of pneumonia disease is notable. Most of the
districts including Malda district reported with maximum disease concentration having more
than state level average location quotient value (Fig. 8). The condition is little bit good in very
few numbers of districts like Jalpaiguri, Koachbihar, Hoogly, Bankura and Paschim Mednipur.
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Fig. 8: Spatial pattern of location quotient values in respect of pneumonia affected patients in
West Bengal and Malda district

The given figure (no. 8) highlights the concentration and dispersal of pneumonia patients as
compared to district level average condition. The high concentration of patients was found in
Chanchal- I and II, Ratua- II, Manikchak and Bamongola blocks with more than district level
average number of patients. On the other hand, few blocks like harishchandrapur- I and II,
Old Malda, Kaliachak- IT and III blocks appeared with high dispersal of pneumonia patients.

Acute Respiratory Infections (ARI)

Acute respiratory infection prevents normal breathing function, which is the most common
human ailment. This is one of the alarming conditions for the whole world, particularly for
children, older and adult people with immune system disorders. This disease is infectious in
nature, which can spread from one person to another. It usually attacks the nose, windpipe
or lungs and also it may cause inflammation of the respiratory track anywhere from nose to
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alveoli. There are various symptoms and signs, such as running nose, cough, sore throat,
difficult breathing, ear problem, fever, body ache etc. It also prevents the normal intake of
oxygen and can result in death or increase the morbidity and mortality rates.

Estimation was made that more than one-third of the global mortality accounting for 12 to
14 million ages fewer than five children were taken place due to ARI (Wahab et. al., 2008).
ARI is the most important cause of acute illnesses for which about one-fifth of total deaths
among under five children occur in developing countries (Alam et. al., 2013). According to
the estimation by the World Health Organization, the annual number of ARI related deaths in
children less than 5 years was 2.1 million in 2001 which contributed 20 percent of all childhood
death (Muthoni Ngesa, 2017). The said disease is the leading cause of mortality and morbidity
in India, which contributes 15 to 30 percent of all under five deaths. National family health
survey (NFHS-3) revealed that two weeks before the survey, 6 percent of fewer than five children
had symptoms of an ARI (Choube et. al., 2014).

The Acute Respiratory Infection showed unequal spatial distribution in various districts of West
Bengal. Many of districts were uncovered with maximum disease concentration, although as
like as most of other districts, Malda consist relatively less numbers of disease incidents as
compared to state level average value. The given map (no. 9) highlights that two districts
namely Hoogly and Paschim Mednipur appeared with state level average value that is one. At
the end it may be said that except few numbers of districts, the overall condition of said disease
shows relatively better position.
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Fig. 9: Spatial pattern of location quotient values in respect of acute respiratory infection
affected patients in West Bengal and Malda district

The distribution of ARI patients (Fig. 9) as compared to district level average condition

98



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

highlights that most of the blocks consisted high concentration of said patients and the pic-
ture is prominent in Ratua- I and II, Gazole, Old Malda, Manikchak, Kaliachak- III blocks.
Whereas few numbers of blocks namely Harishchandrapur- I and II, Chanchal- II, Bamongola
and Kaliachak- I comprises high dispersal of ARI patients.

Conclusion

The spatial analysis of diseases is very much useful for decision maker and planner to prevent
as well as for the eradication of diseases from any place. It provides the real scenario of
disease distribution and their growth pattern over a time period in any region. The foregoing
discussion dealt with distribution pattern of major communicable diseases from spatial point
of view. Among all communicable diseases discussed above, acute respiratory infection and
diarrhoeal patients are large in number. The distribution pattern of existing diseases showed
spatial variation in different blocks of the district. As mentioned before that this study has
few limitations, however, there are many scopes for researchers, as for example, some are given
below:

o Disease and health condition related discussion in different community may be discussed
in details.

e The vast analysis may be made for each of communicable and non-communicable disease
instead off many diseases at a time to find out the responsible determinants as well as
cause effect relation.

o Disease diffusion and forecasting of morbidity and mortality patterns among population
should be studied.

o Perception of people about the disease, medicine, health care facilities and others need
more discussion which will be helpful to take relevant policy for the problematic area.

References

Alam, M., Bhula, M., Lovely, N., Hossain, M., Das, S. (2013). Acute Respiratory Infection and
its determinants for Bangladeshi under 5 children. Bangladesh Journal of Progressive Science
and Technology, 11 (1), 125-132.

Bbaale, E. (2011). Determinants of diarrhoea and acute respiratory infection among under
fives in Uganda. Australasian Medical Journal, 4 (7), 400-409.

Choube, A., Kumar, B., Mahmood, S., Srivastava, A. (2014). Potential risk factors contribut-
ing to Acute Respiratory Infections in under five age group children. International Journal of

Medical Science and Public Health, 3 (11), 1385-1388.

Crump, J., Luby, S., Mintz, E. (2004). The global burden of typhoid fever, Bulletin of
World Health Organization.

99



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

Curtis, V., Cairncross, S. (2003). Effect of washing hands with soap on diarrhoea risk in
the community: a systematic review. The Lancet Infectious Diseases , 3, 275-281.

Desjeux, P. (2001). In Adhikari, S.R., Supakankunti, S., Khan, M.M. (2010). Kala azar
in Nepal: Estimating the effects of socioeconomic factors on disease incidence. Kathmandu
University Medical Journal, 8 (29), 73-79.

Gol. (2011). National Health Profile, 2011. New Delhi, Ministry of Health and Family Welfare.
Hunter, W. (1876). A Statistical Account of Bengal, Maldah. London, Trubner Co.

Joshi, A., Narain, J. et.al. (2008). Can visceral leshmaniasis be eliminated from Asia? Journal
of Vector Borne Disease, 45, 105-111.

Lambourn, G. (1918). Bengal District Gazetteers, Malda. Calcutta, The Bengal Secretariat
Book Depot. Last, J.M. (1988). In Frerot, M., Lefebvre, A., Aho, S. et al. (2018). What is
epidemiology ? Changing definitions of epidemiology 1978-2019. PloS ONE, 13(12), €0208442.

MacMahon. (1960). In Park, K. (2013). Park’s textbook on preventive and social medicine.
Jabalpur, M /s Banarsidas Bhanot.

Mihrete, T., Alemie, G., Teferra, A. (2014). Determinants of childhood diarrhoea among under
five children in Benishangul Gumuz Regional state, North west Ethiopia. BMC Pediatrics, 14
(102).

Muthoni, K., Ngesa, O. (2017). Determinants and spatial modeling of acute respiratory in-
fections (ARI) among children less than five years in Kenya. American Journal of Theoretical

and Applied Statistics , 6 (2), 123-128.

Narain, J.P. (2016). Public Health Challenges in India: Seizing the opportunities. Indian
J Community Med., 41 (2), 85-88.

National Health Portal, Committiees and Commissions. Retrieved January 30, 2015, from
http://www.nhp.gov.in/directory-services-and-regulations/committees-and-commissions

Park, K. (2013), Park’s textbook on preventive and social medicine. Jabalpur, M.P, India,
M/s Banarsidas Bhanot.

Susser, M., Waston, W. (1971). In Park. K. (2013). Park’s textbook on preventive and
social medicine. Jabalpur, M.P., India, M/s Banarsidas Bhanot.

The Portal of North Bengal Development Department. Retrieved July 12, 2018, from

100



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

http://wbnorthbengaldev.gov.in/HtmlPage/about_ malda.aspx

UNICEF. (2012). Committing to child survival: A Promise Renewed, Progress Report.
Wahab, A. et.al. (2008). Etiologic agents and outcome determinants of community-acquired
pneumonia in under five children: a hospital based study. Journal of the National Medical
Association, 100 (4): 370-385.

WHO. (2008). Weekly Epidemiological Record, No. 6.

WHO. (2013). World malaria report. Retrieved January 12, 2013, from
http://www.who.int /malaria/media/world__malaria_ report_ 2013 /en/index.html.

101



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

Role of Spiritual Intelligence in Education and Decision Making

Hemen Biswas *
Prakriti Ranjan Sarkar f
Koustav Kundu $
Anirban Pandey §

Abstract

The present study makes an attempt to explain the idea of spiritual intelligence to explore the
various roles and functions of it in education. In recent times, spiritual intelligence is being
increasingly reflected as an essential component with reference to human existence. The study
used secondary data from notable physical and online resources published during the past
century. A combination of systemic content analysis method followed by inductive analysis
and reflective thinking methods were applied to draw out the history, emergence and evolu-
tion of spiritual intelligence through the notion of spirituality and intelligence. A theoretical
framework is constructed for Spiritual Intelligence and its relation with the theory of Maslow’s
(1908-1970) hierarchy of needs and self-actualization is established. The role of Spiritual in-
telligence in education and decision making is uncovered. The findings reveal implications in
career choice, personal life and social workplace life.

Keywords: Spiritual Intelligence, Spirituality, Intelligence, Education, Decision Making

Introduction:

Intellectual ability depends upon the quantum of the Intelligence possessed by an individual.
The quantitative measurement of intelligence dates back to 1905, when Binet and Simon pro-
pounded their first set of intelligence tests. Intelligence, a common word today, was almost
unknown in popular speech less than a century ago. During the latter part of the last century,
the philosopher Herbert Spencer and Francis Galton, influenced by Darwin’s research on the
origin of species, studied mental ability and aspects of their individual differences. Subsequent
studies dwelled on that there is an inborn human characteristic of general intelligence, distinct
from special abilities. At the same time spirituality is one of the inner needs of the human
being, which exists within the spirit, mind and in various religious values. In fact, spirituality
is the need of going away from us in the day-to-day life and becoming combined with another
life other than ourselves. Progress and development of the science of psychology on the one
part, and the difficult nature of the modern societies on the other part have caused the spiritual
needs of the human-being to become more important, even more than the material needs. In
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reality, the spirituality is an eminent sense, which increases the human’s interest and attitude of
looking for justice and fairness, and causes him to create concord and affection with himself and
the world. In the current decades, religious psychology and study on the theoretical subjects
may be taken into the thought of the psychologists. These days, the scientists have discovered
that the general intelligence and even the emotional intelligence (emotional quotient) may not
meet all needs of the human, but there is need for a 3rd factor, which is called Spiritual Intel-
ligence.

Rationale of the study

With then passing of time human life becomes more and more sophisticated with rising conflicts
and complicated relationships that also affects education and career options for the new gen-
eration. The emergence of spiritual intelligence is an important development that deals with a
purposeful and meaningful life. There has been a growing research and writing about spiritual
intelligence. The present study tried to explore the roles of spiritual intelligence in education
and decision making using inductive content analysis using information from secondary source
of data, collected from books, research article, research paper, journal etc. from national and
international academia. The present researcher tried to summarise the role spiritual intelligence
in education in a comprehensive manner.

Methodology

The study used secondary data from notable physical and online resources published during
the past century. A combination of systemic content analysis method followed by inductive
analysis and reflective thinking methods were applied to draw out the history, emergence and
evolution of spiritual intelligence along with its major roles in education, career options, deci-
sion making.

Antiquity of Spirituality

Spirituality is rooted in belief of a superpower operating the universe that is greater than one-
self. It has a sense of interconnectedness of all living things. Spirituality is commonly thought
of as one’s personal pursuit of the divine. It is related but not bound to any particular reli-
gious tradition. The spiritual tracks emphasize the importance of finding one’s own individual
path to spirituality and a greater understanding of God and the absolute. Spirituality has its
roots in spirit. All things or all life is governed and derived from a universal life force. This
universal life force is invisible and intangible, yet it serves as the basic or raw substance from
which all living things exist. Since spiritual abilities underlie aspects of spirituality, it would
be appropriate to start off with the definition of spiritualism (spirituality) and then come to
the definitions of spiritual intelligence. The word ‘spirit’ is derived from the Latin word ‘spiri-
tus’, which means ‘breath’ or ‘soul’. Prior to the emergence of spirituality within psychological
literature, the words religion, religiosity or religiousness were more commonly used to describe
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all spiritual aspects of the human psyche (James, 1902/2002). While religiosity may have been
equated with spirituality at one time, psychologists now make sharp distinctions between the
two (King, 2008). Palmer (1998) describes the spiritual as the variedmeansby which humanre-
sponseshis heart’s wish to be linked with the wholeness of life. This is a longing that animates
love and work, particularly the effort called teaching. Koenig, McCullough, and Larson (2000)
define religion as a ordered system of beliefs, practices, symbols and rituals designed firstly to
facilitate closeness to the sacred or transcendent and, secondly to foster an understanding of
one’s relation and responsibility to others in living together in community. In contrast, Koenig,
McCullough, and Larson (2000) define spirituality as an individual search for understanding
the answers to ultimate questions about life, about meaning, and about relationship to the
sacred or transcendent, which may or may not arise and lead to the development of religious
rituals and the formation of the community.

Parks (2000) describes spirituality as personal search for meaning, transcendence, whole-
ness, purpose, and the realization of spirit as the animating essence at the core of the life.
The Spirituality gives stress on the dynamic wholeness of self in which the self is at one with
itself and with the whole of creation and it requires that people regard themselves and others
as whole beings(Zohar Marshall, 2000). At the same time King, Speck, and Thomas (2001)
state that religion is a framework for a system of beliefs and values, while spirituality involves a
person’s belief in a power apart from his own existence. Oxford Dictionary of Current English
(2001) outlines spiritual as having to do with the human spirit as opposed to physical things.
Sinnott (2002) designates spirituality as one’s personal relation to the sacred or transcendent, a
relation that then informs other relationships and the meaning of one’s own life” while religious
practices may be the external sign of a spiritual orientation, or simply a set of culturally cohe-
sive practices, beliefs, and habits. Waaijman (2002) defines spirituality as that which touches
the core of human existence, namely, the relation to the absolute. Wink Dillon (2002) define
spirituality as the self-existential search for ultimate meaning.

Notion of Intelligence

Intelligence is understood as the ability to learn or understand from experience or to respond
successfully to new experiences, the ability to acquire and retain knowledge. Its possession
implies the use of reason or intellect in solving problems and directing conduct. After Gardner
(1983) introduced Multiple Intelligences, the notion of general intelligences had been adopted
by psychologists. Multiple intelligences are a new view of human intelligence as a result of his
dissatisfaction with the traditional 1Q tests. In Multiple Intelligences, different independent
ability areas had been proposed. Gardner (1993) called intelligence as a ”bio-psychological
potential” that could be affected by cultural and motivational factors (Gardner, 1993, p. 7).
He states that individuals own at least eight intelligences which are independent and can be
genetically inherited, developed or improved through education or social environment. Gard-
ner (1983) initially introduced multiple intelligences in seven intelligences: Linguistic, Spatial,
Logical/Mathematical, Interpersonal, Intrapersonal, Bodily-Kinesthetic, and Musical. Later,
Gardner (1999) added Naturalistic intelligence and has suggested that an existential intelligence

104



CONSCIENTIA
ISSN: 2278 - 6554 Vol- VIII December 2020

might exist, but he believed that spiritual intelligence does not exist. He believed that his eight
intelligences are as abilities or talents, but it is assumed that quantitative or verbal abilities
are referred to as talents. He argued that there is no hierarchy of ability. Before publishing
his book "Frames of Mind”, Gardner (1999) states that eight intelligences are based on eight
criteria: "the potential of isolation by brain damage; an evolutionary history and evolutionary
plausibility; an identifiable core operation or set of operations; susceptibility to encoding in a
symbol system; a distinct developmental history; the existence of savants, prodigies, and other
exceptional people; support from conventionally, the measurement of intelligence was done
with the intelligence tests that give the results in the form of IQ or intelligence quotient. Al-
most three decades ago, the concept of emotional intelligence was conceived in the footsteps of
Edward Thorndike who used the term social intelligence to describe the extent of one’s ability
to relate to other people, which he considered distinct from the typically-discussed verbal and
mathematical abilities. Emotional intelligence, measured in the terms of EQ or emotional quo-
tient was popularized by Goleman who wrote a book on the same. Emotional intelligence refers
to the interpersonal and intrapersonal abilities of an individual which help him to understand
the relationships and the world better and furthermore, act wisely in human relations. The
intelligence of latest invent is the spiritual intelligence, measures as SQ or spiritual quotient.

Emergence of Spiritual Intelligence

Spiritual intelligence may be considered as a permutation of two terms, “Spiritual” and “In-
telligence”. The foundation of the concept of spiritual intelligence lies in ‘spirituality’ and
‘intelligence’. Danah Zohar (1997) introduced the term ‘Spiritual Intelligence’ in her book
‘Re-Writing: The Corporate Brain’. However first it is important to know what spirituality
is. Spirituality is the quality of being concerned with the spirit or self as averse to mate-
rial things Spirituality is a science and it is an exercise of healthiest mind, said by Swami
Vivekananda. NolQ is the ability to think rightly, EQ is the ability to feel rightly and SQ is
the ability to know the self or spirit rightly (Zohar, 2005). 1.QQ means Intelligence Quotient,
which discovered in the early 20th century and is mainly measuring by Standford-Binet Intel-
ligence scale. This intelligence refers to the logical, rational and rule-bound problem-solving
intelligence (Zohar, 2005). EQ refers to Emotional Quotient, Daniel Goleman described this
intelligence in his book ‘Emotional Intelligence: why it can matter more than I1Q" as the in-
telligence of the management of self-emotions also other emotions, it is also the intelligence
of relationship management (Goleman, 1995). Now let’s come to the main point is what is
spiritual intelligence? Spiritual intelligence is termed as SQ by Danah Zohar Marshall (2000)
in her book ‘Spiritual Intelligence: The ultimate intelligence’. It underpins 1Q EQ. S.Q is the
intelligence of solving problems related to meaning of life, values and self. It is nothing but
the ultimate intelligence of human life (Zohar Marshall 2000). It is an intelligence of deep
self-awareness in which one becomes more and more aware of the dimension of self, not only as
the body but also as the mind spirit (Sisk, 2002). Woolman (2001) also explained SQ as the
capacity of human to asking the ultimate question about the value of life, and to experience
the bonding or connection with each of us or with our living world. It helps us to live more
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creatively, more consciously, more happily. A spiritually intelligent person is always aware of
the environment around him (Griffiths, 2012) and his current problems. He always looks for
solutions and moves forward in new ways. The soul is the ultimate source of love, wisdom,
peace, harmony, compassion, joy and creativity (Griffiths, 2012). Thus, S.Q is the intelligence
of love, wisdom, compassion, joy, creativity and peace. Richard Griffiths (2012-21) described
spiritual intelligence is the combination of 3Q (S.Q, E.Q, 1.Q). Neurological study confirmed
that spiritual intelligence (S.Q) activates our whole brain, when rational intelligence (I1.QQ) only
activates our left brain and emotional intelligence (E.Q) activates our right brain only (Zohar,
2001). The whole brain activity increases the brain function and result better fulfilment in life,
higher ability to goal attainment, more problem-solving skills, more work efficiency (Griffith,
2012) and also more productivity which leads to better economic growth. As Danah Zohar
(2000) said, it is the ultimate intelligence, which is the major key of success in every aspect of
life. Spiritual intelligence is the only tool to improve the body, mind and spirit/soul together.
So, such intelligent accomplished people are very much needed in the society. Thus, it is also
necessary to know how to increase such intelligence, how to measure or what are the different
components or dimensions of the intelligence.

Theoretical Framework of Spiritual Intelligence

The Need hierarchy developed by Maslow (1908-1970) was famous for his work in behavioural
psychology and motivation. Two basic principles of his work have particular significance for
individual growth, education, and the spiritual development. His hierarchy of needs theory
is most well-known of Maslow’s theories is based on a hierarchy of needs pyramid. Maslow
(1943) described these needs in a ladder or pyramid of progression that contained the five main
sets of goals: physiological, safety, love, esteem, and self-actualization, with the basic physi-
ological needs being at the foundation and moving up to the highest self-actualization needs.
Physiological needs contain deficiency needs delineated as the need for safety, love, respect
and information (Maslow, 1943, cited in Brown, 2001). These are opposed to growth needs,
which include “need to know and understand, aesthetic, and self-actualization needs” (Slavin,
2003,). Self-actualization is one of the important concepts in Maslow’s hierarchy of needs. The
ongoing process of self-actualization within individuals was expanded and defined by Maslow
as an “actualization of potentials, capacities and talents, as fulfilment of mission (fate, destiny,
or vocation), as a fuller knowledge of, and acceptance of, the person’s own intrinsic nature,
as an unceasing trend toward unity, integration or synergy within” (Maslow, 1968, cited in
Heylighen, 1992, p. 41). To be self-actualized is an ongoing process with the fundamental
goal to develop all of one’s talents and to reach ultimate fulfilment. He felt that the primary
goal of education was to help all to reach their ultimate capacities or to become self-actualized
(Heylighen, 1992). According to Maslow (1968, cited in Heylighen, 1992), self-actualization
includes eight ways: (a) exhibits total absorptive self-awareness; (b) participates in an on-going
growth procedure; (c) listens to his or her inner voice; (d) allows personal intuition to guide his
or her life; (e) honestly takes responsibility for his or her own actions; (f) makes wise choices for
personal satisfaction; (g) encounters and recognizes when he or she has faced a peak experience;
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and lastly (h) analyzes, identifies, and renounces personally erected defences. Sisk (2002), in his

Self-fulfillment

needs

Self-
actualization:
achieving one's
full potential,
including creative
activities

Spiritual Intelligence

Emotional _ Esteem needs:
prestige and feeling of accomplishment Psychological

Intelligence
needs

Belongingness and love needs:
intimate relationships, friends

1Q Safety needs:

security, safety Basic

needs
I'I\ysiologkcl needs:
food, water, warmth, rest

Figure: 1.0 Spiritual Intelligence at the top of Maslow’s Need Hierarchy

article mentioned Maslow’s work on self-identity as foundational to their work with SI. Maslow
discussed important aspects in self-identity that are significant to understanding SI and its
concepts. He felt that unfortunately, external educational experiences could sometimes squelch
the internal, inherent natures of self. He encouraged a type of meditational separateness that
allowed for the quietness necessary to search for one’s individuality or self (Sisk, 2002). This
was in line with Sisk’s (2002) views that “SI can be described as a deep self-awareness in which
one becomes more and more aware of the dimensions of self, not simply as a body, but as a
mind-body and Spirit” (Sisk, 2002, p. 209). This reinforces Emmons (2000) view that “the in-
telligent use of spiritual intelligence can contribute to positive life outcomes such as emotional
well-being, positive functioning, and an enhanced overall quality of life” (Emmons, 2000, p.
20).

Zohar andMarshall (2000) mentioned idea about the indicators of spiritual intelligence in their
book. They mention several indicators for Spiritual Intelligence. Zohar (2004) has described
12 principles: Spontaneity:Living in the present moment., Being vision led: Acting from
deep belief live accordingly. Holism: A sense of connection and belongingness. Compassion:
Deep empathy and feeling-with ,Celebration of diversity: Admire every people irrespec-
tive of their diversity what are.Field independence: Having own understanding and con-
viction.Humility: Take part as player of the larger drama in the world. Tendency to ask
fundamental "Why?”: Have the courage to question everything in a motive of better under-
standing. Ability to reframe: Understand the bigger picture of every situation by watching it
from different angle.Positive use of adversity: Growing up from the adverse situation.Sense
of vocation: Having the attitude of serve and giving back to the world.
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Findings of the study

A spiritually intelligent person can get benefit of being spiritually intelligent in Education and
decision making. The spiritual intelligence can play major roles for four life situations Ed-
ucation Career Choice, Personal life, Social life and Workplace life.

In Education and Career Choice: Being spiritually intelligent the person is more aware
of his weaknesses and strengths in life. S/he will understand the breaks in life and s/he will
work to fill those gaps.Whatever the problem is, any issue has to be looked at in a broad way.
Evaluation:A person canpush the keys, fitting them in the lock and rotate to open the space.A
learner can takedecisions for career options in the new uncharted territory from the zone of
higher consciousness of vision and mission in life.

In Personal Life: Spiritual intelligence helps maintain peace and prosperity in the per-
sonal lives and helps keepingthepersonal relationships clean. This intelligence enhances respect
and love for each other. When human perceivestheir souls, they interact with each other with-
out any desire, without any agenda. Above all, spiritual intelligence builds trust in one another
and helps one to make one’s life more meaningful. Persons become more aware of them and
gain the capacity to express themselves to the optimum.

In Social Life: Spiritual intelligence helps to be more liberated in family and social life
and helps to overcome the dependencies that exist in human relationships. Everyonelearns to
live with love, not attachment to each other. All human beinggets the opportunity to grow
up freely. They can pass the great values to the next generation by providing a high-quality
culture and high-quality belief. Spiritual intelligence puts an end to all these things like vi-
olence, fights, unrest in the society. Because everybody can know themselves as a spirit and
understand that there is no place to compete with each other, but to lead each other is life.

In Workplace Life: In modern times, the concept of spiritual intelligence is widely used
in professional life. Different spiritual leaders are imparting spiritual knowledge to those who
are involved in different work. So that they can earn more money by keeping their focus in
one point or maintain better quality relationships with co-workers or employees at a company.
Spiritual intelligence is also essential for making the correctdecisions to maintain a better qual-
ity of workplace environment and to work happily.

Discussion

Evident from the discourse and based on the available resources, and literatures investigated in
this study. It can be said thatthe tune of spiritual intelligence is evolving as a new dimension
to intelligence. Society is experiencing a resurgence of spirituality that is spilling over into edu-
cational thought. At this time it is very difficult to maintain well-being in life. But if someone
is able to focus on the spiritual intelligence then it may be easier to proceed through the well-
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being route. The spiritual intelligence can contribute in a great way to healthy daily life and
overall human well-being and to be a better decision maker. It is such a way that helpspeople
also the learning community in a number of ways. The first of these is that spiritual intelligence
expands the understanding of holism in educational setup. Secondly, spiritual intelligence pro-
vides a platform from which to build deeper relationships with institution and organisational
members. Thirdly, spiritual intelligence provides greater insight into augmenting instructional
designs and practices by facilitating learner-centred contexts. Fourthly, spiritual intelligence
awareness has the potential to increase the success of leaders in educational institutions by
providing important insight into their affective domain of life-world that would enable them to
transform schools, colleges and universities. Effective leadership expands beyond managerial
and instructional knowledge to tap into the realm of decision making based on an affective-
cognition of collective realm as well as individual realm, community needs, culture, and shared
values. Hence spiritual intelligence makes us to be more -aware, spontaneous, being Vision-led,
holism, compassionate, diversity recognisers, independent, humane, capacity re-framer,resilient
in adversity, sensitive of vocation, responsible, free, creative, goal orientated, socially adhered
, happy, empathetic, honest, empowered with good health, education wisdom. All these help
in Decision-making in a rational way. The course of action and several possibilities and is
an important component of the process of cognition. The consequence of the decision-making
process is the availability of choice of possible action. This process embeds within itself the
personality of the decision-maker, which is an amalgamation of his affective-cognition of Spiri-
tual Intelligence.

Conclusion

Operationalizing the construct, spiritual intelligence stands as the capacity of an individual
to possess a socially relevant purposeful understanding of ’'self’ and having a high degree of
conscience, compassion and commitment to human values. So,Spiritual intelligence is such an
ability in every human being which can be exploited in Education for solving problems and deep
understanding of career issues and decision making which are related to life values. Spiritual
intelligence motivates individuals to find out relations and unification to achieve self actualiza-
tion. It may have different degrees in different people. There are only a few direct premises
thatSpiritual intelligencedirectly influence on education system but modern psychologists and
socio-culturists support the impact of Spiritual intelligence on learning, career options and de-
cision making. The modern culture of self-centeredness is leading to the commoditization of
human relationships, where people wish for maximal gain and minimal loss. The awakening of
spiritual intelligence may lead to the humanization of relationships, and awakening of a struggle
towards the sanctification of relationships. The impact of Spiritual intelligence on education
would be strenghtenedwhen teachers with high spiritual intelligence can elicit progress in stu-
dents’ education. It will surely ensure self-guidance and self-counselling to create balanced
decision makers.
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Revisiting the Terracotta Temples of Cooch Behar: a survey on
iconographic and architectural features

Arka Acharjee *

Abstract:

Temple in India is considered as an abode of God Almighty, a center of reverence. The
Hindu temple, in more than one sense, epitomizes the numerous sides and complex processes of
the cultural development of Hinduism through its architecture. The history of Indian temple
architecture since its beginning has witnessed various stylistic trends found in all parts of India.
From late mediaeval period Bengal may be singled out as a region which massively followed
the application of terracotta as a medium of art in its architecture. Actually the topographical
characteristics of Bengal favored this kind of artistic movements by virtue of which Bengal
holds an important status in the architectural atlas of India. Though this type of exclusive
and unique architectural style was mainly prevalent in the Southern part of Bengal but Cooch
Behar (a peripheral part of Bengal) was also influenced by this trend which is proved by the
construction of two rare and unique terracotta temples dating from the late mediaeval to the
modern period. Through this article an attempt has been made to explore, examine and per-
ceive the distinguishable features of these temples by undertaking field survey in Cooch Behar.

Keywords: Regionalism, Pluralism, Hybridism, Quadrangular, Amalgamation,
Terracotta Plaques.

“Architecture is the matrix of civilization”
-Lethaby (Brown 2015, 1)

The Gupta period marks the beginning of structural temple architecture. As evident from
the extant monuments, there was experimentation in a number of forms and designs, out of
which two significance temple styles evolved, one in the north and the other in the south. The
following well defined types may be identified: 1) Flat Roofed, square temple with a shallow
pillared porch in the front. 2) Flat Roofed, square temple with covered ambulatory around the
sanctum and proceeded by Pillared porch, sometimes with a second storey above. 3) Square
temple with a low and squat Sikhara (Tower) above. 4) Rectangular temple with an apsidal back
and a barrel vaulted roof above and 5) Circular temple with Shallow rectangular projections at
the four cardinal faces.

Neither the fourth nor in the fifth type seem to have any marked effect on subsequent
development. But the first three types are seen as precursors of later Indian temple styles.

*Assistant Professor, P.G. Dept. of History, A.B.N. Seal College, Cooch Behar, W.B
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[lustrative examples of the first include Kankali Devi Temple at Tigawa and Vishnu and
Varaha temple at Eran, all in Madhya Pradesh. The second type is seen in the Parvati Temple
at Nachna Kuthara, the Siva Temple at Bhumara, both in Madhya Pradesh. The example
of third type of temple architecture is a disputable issue. Some archaeologists said that the
Dasavatara temple at Deogarh (Jhansi District) and the brick temple at Bhitargaon are the
examples of 3rd type of temple architecture. But the other did not agreed on their view in this
issue (Swarup 1968, 135-138). But all the experts agreed unanimously on one point that the
brick temple of Bhitargaon (erected approximately 6th century A.D.) was one of the earliest
finest representation of terracotta temples in this subcontinent (Basu 2015,3). The various
terracotta plaques (special reference on the Ganesa icon with modaka in one of his hand) in
this temple are really praiseworthy and influenced greatly on the future terracotta temples in
Bengal.

The Brick Temple at Bhitargaon
*[Source: Plate-2.02- Basu, Srila. Banglar Terracotta Mondir. Calcutta: Ananda Publishers
Private Limited, 2015]

The second and the third type of Gupta temple to be called “Vimana” (Storeyed) and
“Sikhara” (cruciform) types. In the following centuries, these two types supposedly underwent
further improvements and crystallized to form two distinctive temple styles respectively in the
South and North.

The major temple styles listed and described in the “Vastu Shasta” texts are the Nagara,
Dravida and Vesara, of which the prime position is assigned to the Nagara of North India as
the leading style. Next in important is the Dravida in South India. All the available texts are
agreed on the point that the Nagara style was prevalent in the region between Himalayas and
Vindhyas. The Dravida country is well known and the texts rightly confine the Dravida style
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to that part of the country lying between the river Krishna and Kape Kanyakumari; while the
Vesara style is sometimes associated with the area between the Vindhyas and Krishna River.
Hardy points out that Nagara and Dravida Should be understood as architectural languages,
in the sense that they provide a vocabulary, a range of elements and a family of forms which
can be put together in different ways (Singh 2008, 625).

The history of temple architecture in Bengal suitably categorized into two periods: 1. Early
Hindu (up to the end of the 13th century) II. Hindu revival (16th to 19th century) (Santra
1998, 1). In the first phase Bengal temple mainly known as one of the counterpart of the
Nagara style. The temples in this period have mostly disappeared but from the remains of
the few structures we knew that the chief style prevalent in this period is the tall curvilinear
rekha deul with the common north Indian latina sikhara (Champakalakshmi Kris 2001, 66).
Bengal temples in this period mainly build under the royal patronage of the Pala Sena rulers
(8th -12th century A.D.) without some innovative and unique elements. Siddhesvari temple at
Barakar in Burdwan considered as the chief example of the earliest temple still standing which
undoubtedly belongs to this group (Mccutchion 1972, 3). The history of the construction of
terracotta temples also commenced from this period which finally culminated into next stage.
Some of the notable important temples build in this period are- Jatar Deul (South 24 Pargana),
Sun Temple of Sonatpaul (Bankura), Deulghata (Purulia) etc. (Basu 2015, 4).

Temple architecture of Bengal received a new impetus in its later phase (popularly known
as ‘revival phase’) by the emergence of unique Bengal school which comprises of a series of
analogous distinct temple styles. In this phase Bengal temple differentiate itself from the
mainstream North Indian Nagara style by incorporating some local and foreign attributes. The
key elements which mainly responsible for these innovative diverse stylistic trends in Bengal
are Regionalism, Pluralism Hybridism. These rudiments played a very crucial role to set
the background which finally helps to culminate the appearance of a distinct Bengal temple
school. For instance in the second phase of Bengal temple architecture probably marked by its
distinctive regional identity which helped to reduce the influence of the leading North Indian
Nagara style on Bengal temples. This was best illustrated by the origin of two completely new
styles of temple in Bengal- I. Hut or Chala style inspired by the general village house made
by bamboo with sloping thatched roof and II. Ratna or Pinnacle style inspired by the Islamic
architecture (Mccutchion 1972, 4). Apart from these two major unique types of temple other
minor styles of temple but unique in importance are- 3. DOMED Roofing, 4. SPIRED
Roofing, 5. Flat-roofed (DALAN/CHADNI), 6. RASMANCHA, DOLMANCHA
TULASIMANCHA 7. Miscellaneous types (Datta 1975, 22). Terracotta temple building
activity also received some new impetus in this period primarily by the active patronage of the
famous Malla dynasty of Bishnupur along with some enthusiastic local Kings, Zamindars and
merchant class who were influenced by the Vaishnavite movement organized by the famous
Vaishnava saint Shri Chaitanya in mediaeval Bengal (Basu 2015, 4).
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Siddhesvari temple at Barakar
*[Source: https://1.bp.blogspot.com/ -retrieved on 05/05/2019 at 7 p.m.]

Sun Temple of Sonatpaul (Bankura)
*[Source: Plate-2.02- Basu, Srila. Banglar Terracotta Mondir. Calcutta: Ananda Publishers
Private Limited, 2015]
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According to Stella Kramrisch terracotta art classified in to two sections (Basu 2015, 7-8)-
a) The Ageless- executed ‘in the round’ shape mainly used in various ceremonial programs
(example: several terracotta toys, bullock carts, icons of gods and goddesses found by the ex-
cavation work at Pandu Rajar Dhibi, Chandraketugarh ,Paharpur, Mahsthangarh).

b) The Time bound- executed ‘in relief” shape mainly created for the satisfaction of the
artistic mind (Ghosh 2002, 55), used as a designing motif in the panels of temples (especially
in ‘revival age’).

The artist generally prepare first the clay models from which moulds were made. After that
these moulds were burnt in fire, then casting out and dried carefully and finally cut out (Datta
1975, 70). In such way the terracotta plaques were prepared and used as an ornamentation of
temple art. Generally the use of terracotta as a medium of temple art may be categorized into
following divisions (Ghosh 2002, 245-248)-

a) Trimmings of stone relief works on brick temples

b) Embellishments of terracotta decoration on laterite temples
c) Mixed medium of terracotta and stone relief decoration

d) Paintings as a medium of temple decoration

e) Wood carving as a medium of temple decoration

f) Terracotta- stucco as a mixed medium of decoration

Cooch Behar is an indispensable part of the north-eastern region of Bengal from very ancient
times. Its geographical position is also very unique and interesting. Architecturally temples of
this zone also demonstrated firmly its innovativeness along with hybridism from late medieval
times. Socio-cultural-political context geographical condition chiefly exerted its influences on
the style of temple architecture in Cooch Behar. Categorically most of the temple in Cooch
Behar belongs to the miscellaneous type. But an interesting point may also to be noted here
that apart from its long distance from the Southern part of Bengal (especially Bankura, Bish-
nupur, Birbhum etc.) which considered as the prime center of the construction of traditional
terracotta temples of Bengal, this peripheral part of Bengal also failed to dislocate itself from
this trend and two miscellaneous type terracotta temples were built from late medieval to mod-
ern times. Before discussing the iconographic and architectural features of this temple it is
very much important to know that there were two trends prevailed simultaneously regarding
construction of temples in Cooch Behar. - I. Under Royal patronage II. By Personal initiative.
The construction of the terracotta temples of Cooch Behar also fall under same category.

CONCEPTUAL FRAMEWORK:-

Undoubtedly Hinduism has an astonishing ability to integrate and unite other creeds and
unfamiliar cults this fact is strengthened intensified by the temples which are considered as
agents of Hinduizations by receiving royal patronage (Eschmann 1986, 79). Generally temples
are represented as the most emblematic universal symbol of the religious core of ‘Hindu’ In-
dia. The eminence of the temple has significantly developed since the early medieval times
with some basic reasons behind that. In Colonial or Nationalist Historiography Post-Gupta
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and Post-Harsha periods are actually projected by the rise of local kingdoms all over the sub-
continent and culturally there was a marked deviation from ‘Classical’ norms, recognized as a
‘Feudal’ type due to feudal social formation (Chattopadhyaya 2016, 154-156.). Meanwhile there
was intensification of Brahmanism by the gradual successful incorporation and fusion of Non-
Brahmanical and Non-Aryan groups into Hinduism. The rulers of tribal foreign background
thus claim Kshatriya origin and trace their lineage to Aryan ancestors. The scholars experts of
Brahmanism has connected the descent of the tribal foreign clans with the mythical lineages
by the intrusion/addition of accounts in the Puranic and Epic literatures. They proved their
heritage and also the expansion of Brahmanical order in the various parts of this subcontinent
mainly through three successive steps-

I. Royal patronage of places of tirtha or pilgrimage centers of regional background in order
to upgrade it to all-India importance to transform the mundane remote place into the limelight
of sacred landscape within their respective domains.

II. An organised and comprehensive-scale settlement of Brahmins

III. New structural symbol of culture i.e. imperial temples are created in respective newly

organized kingdoms. (Kulke 1986, 131-132).
The traces of above mentioned steps have been found in the proposed area of research promi-
nently since the late medieval period. These steps were taken by the new imperial Hindu Rajas
who were chiefly descendants of tribal heads, for the consolidation of their fresh small kingdoms
by the gradual extension of agro-economy in this nuclear-peripheral areas of sub-regional and
regional zone of Bengal. But ultimately these steps were smoothly accomplished only after
the partial integration of tribes in this periphery into Hinduism by their gradual insertion into
the lower strata of caste system and also through their addition into the militia of the Hindu
court which has been called Ksatriyaization. This process ultimately paved the way for the
legitimization of Hindu royal power in this tribal zone of Bengal and subsequently and more
importantly for the Hinduization of their deities. This led to the royal patronage of the domi-
nant autochthonous tutelary deities only after their amalgamation with Brahmanical gods and
goddesses which we may call as ‘the $akta Saiva typology of Hinduization’ according to the
theory of Anncharlott Eschmann (Eschmann 1986, 85-97). The last pivotal stage of this process
of Hinduization is when these aboriginal autochthonous tutelary deities were upgraded from
the village cult to temple cult which means they were incorporated into the Hindu temples (Es-
chmann 1986, 83). Because the temple actually has been projected and viewed as an important
entity for developing the centre of political and cultural integration in this periphery and that’s
why various important temples were erected by the Khen and Koch rulers as a policy chiefly
try to construct a consolidated politico-ritual structure of authority like Orissa (Mubayi 2005,
17-18). This is the background for the construction and reconstruction of various important
temples by royal patronage in this peripheral part of Bengal.

The First Introduction of Koch Architecture:
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The first introduction of architectural activities of Koch dynasty was centered on the re-
building process of the famous Kamakhya Temple of Assam. The total restoration work was
undoubtedly a very tough work because after two consecutive failed attempts finally the work
was completed in 1565 A.D. under the active initiative of famous Koch King Naranarayan
(1534-1587 A.D). It is mentioned in the Darrang Rajavamsavali that many artisans and crafts-
men from Kochbehar were engaged during the process (Sharma 1988, 123) and the whole work
was conducted and supervised by Meghamukdum who was the military general of Koch army
as well as the officer-in-charge of erection, directly appointed by the king himself (Ghosal 2005,
138). After the completion of the total renovation work of this magnificent temple some im-
portant points regarding the first introduction of Koch architecture must be added here-

1. The Koch architects have lack of knowledge experience in traditional architectural profile
(Rekha Deul),

2. They also unfamiliar with stone masonry works which was clearly provident from the first
two failed efforts of restoration.

3. Finally in third time they have finished the rebuilding of this temple with the aid of brick
masonry work.

4. This ultimately gave birth a new architectural variety/style which became very much pop-
ular in the following century mainly in this regional part of India

5. This specific style of architecture has also influenced the adjoining Ahom architecture to
such extent that this form of architecture popularly known as ‘Nilachala’ type in this area as
because this type of architecture was experimented for the first time in the reconstruction of
Kamakhya temple which is situated in Nilachala mountain (Sharma 1988, 124).

Bhitarkuthi Terracotta Siva Temple: The construction of Bhitarkuthi terracotta Siva tem-

ple belongs to 2" category. This temple was built by Gourinandan Mustafi approximately in
1720-1735 A.D., who was worked as a “Khasnobis” under Cooch King Maharaja Upendra-
narayan (1714-1763 A.D.) later as a “Prodhan karbari” (i.e. Prime Minister) under Maharaja
Devendranarayan ( 1763-1765 A.D.). The temple approximately 30 ft. in height and there
is an amalgamation of Bengali traditional Charchala style surmounted by Islamic dome with
unique octagonal phase. This temple is a finest representation of Indo-Sarasanic architecture.
A Siva linga (2.5 ft. in height approximately) was also installed in this temple by Gourinandan
Mustafi himself (Bagchi 2015, 437). Professor Bagchi draws our attention by mentioning one
important noticeable item i.e. addition of latticed window in this temple which clearly signify
the cultural negotiations with the Islamic tradition (Bagchi 2015, 439) in this marginal part of
Bengal. Another unique feature of this temple is its unique 93 quadrangular terracotta plaques
which include the relief sculptural panel representation of Brahmanical Gods and Goddesses
(example- Dasavatara of Vishnu, Mahisasurmardini Durga, Laxmi,Saraswati etc.). In these
terracotta plaques the influence of religious, legendary and also folk art are also prominent. By
the calamitous earthquake in 1897 the four-cornered pillars which elongated on the top of the
dome (3 ft. in height), broke into pieces and the temple also fall down to 8 ft. Since 1949 (after
Cooch Behar merged with India) very long time this temple actually becomes an enclave of
Bangladesh. But after the famous “India-Bangladesh enclave agreement” in 2015 this temple
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now becomes the part of India (Bhattacharya 2018.7). In the context of this temple one impor-
tant reference must be mentioned here that the construction of this octagonal Indo-Sarasanic
terracotta temples may be one of the important part of the process of similar type structure
build in Rangpur and Mymensingh district (now in Bangladesh) in same century (i.e. deul
of Kashipur Rajbari in Mymensingh Kali temple of Ulipur, Dimla in Rangpur) (Ghosh 2002,
283).

Terracotta Plaques with various contents in Bhitarkuthi Terracotta Siva Temple (women
musician, a saint worshiping Siva liriga, floral motifs etc.)
(Photograph was taken by the Author himself)
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Terracotta Plaques of Mahisasurmardini, Ganesha, Saraswati etc. in Bhitarkuthi Terracotta
Siva Temple
(Photograph was taken by the Author himself)

Siddhanatha Siva Terracotta Temple: The next and last of its kind is the famous Sid-

dhanatha Siva Terracotta Temple at Dhaluabari (located 5 km away from Cooch Behar town
on the way to Cooch Behar Sadar- Dinhata high road). Dhaluabari is the previous capital
of the Koch Kings Since 1821 (Chaudhuri 2010, 279). This temple belongs to 1 category as
because it was totally built under Royal patronage. But the main debatable issue is that under
whose direction and supervision this temple was erected. According to Madhav Swaroop Vats
(then [1950-1953] director general of A.S.I) this temple was constructed under the supervision
of Maharaja Upendra Narayan (1714-1763 A.D.). But Harendra Narayan Chaudhuri in his
book “The Cooch Behar State and its Land Revenue Settlement” clearly stated that the con-
struction work of this temple initially started by Maharaja Harendra Narayan (1783-1839 A.D.)
(Chaudhuri 2010, 280) But finally completed by his son Shivendra Narayan (1839-1847 A.D.)
he also installed the Siddhanatha Siva liriga in it after a royal ceremony (Chaudhuri 2010, 286).
From the famous “Rajopakhyana” of Joynath Munshi we found the same information (Munshi
1985, 137). Another debatable issue is what the actual architectural style of this temple.
Scholars and experts gave diverse opinion and explanation regarding this matter. On one side
again Madhav Swaroop Vats opined that the architectural style of this temple is similar like
the ‘Beguniya’ type of architectural style (Ray 2017, 45) of Barkar, Asansol. But on general
viewpoint it looks like ratna type of temple. According to some expert it is a finest example of
pancharatna type of temple in this periphery but interesting point is that the central Pinnacle
is absent here. Buchanon Hamilton also did not find this one when he visited this temple
(1808 A.D.) (Das 1985, 95). So on another viewpoint some scholars enumerated that it is a
quadrangular temple which consisted by four Pinnacle in four cardinal points which resembles
like the Sarvatobhadra (Acharya 2015, 624) type of temple mentioned in the “ Vastusastra”.
Same type of temple also seen in the famous Kamakshya temple complex (Kali temple) in
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Assam which akin like this temple in respect of architectural details (Chakraborty 2017, 50).
By undertaking field survey the authors directly noticing this temple and from this observation
it is undoubtedly confirmed by us that this temple is a finest example of the amalgamation of
two unique style i.e. fusion of traditional Bengali Charchala type surmounted by four Ratna or
Pinnacle style inspired by the Islamic architecture. Unquestionably this temple is a prominent
and beautiful example of Indo-Islamic architecture which is also reflected by the introduction
of Mihrab (i.e. semicircular niche) inside the northern wall of this temple. The liriga (near
about 4.5 ft. in height) installed inside the shrine popularly known as Siddhanatha Siva and
this aniconic object (headed by a hooded snake icon) with Gouripatta is the prime center of
worship. The temple is south facing with the height of 25 ft. approximately 2 ft. thickness
of the wall having two gateways. Southern gateway considered as a main gateway. The upper
section of the both entrance doorway are very unique because it reflected like the traditional
chala house of South Bengal (Chakraborty 2017, 52). The old and small typed of bricks were
the main building materials used for the construction of this shrine.

But the main importance of this temple lies in its rich terracotta decoration which is very
unique in this periphery. The terracotta decoration mainly covers the frontal wall (i.e. facade)
of this temple and are well proportioned both vertically and horizontally (Bagchi 2015, 436).
This temple has approximately 73 quadrangular terracotta plaques which reflects socio-cultural
and political aspect in this periphery. Some important and noticeable plaques which contained
- Vighnesvara Ganesa , Joydurga, floral motifs, Indigenous(Koch) soldier holding gun, British
soldier holding gun, dancing man etc. attracts the attention of the viewer. So undoubtedly
the terracotta plaques of this temple covers wide range of varieties relating to the mythology
and also folk art also. According to Professor Bagchi, the terracotta decoration of this tem-
ple though initiated in an experimental mode but unquestionably executed in a beautiful way
(Bagchi 2015, 436).

In the context of this temple an important point which come to our mind must be men-
tioned here that the architectural style of this temple may be influenced to some extent by the
famous Radhabinod Temple of Joydev at llambazar which was constructed at 1683 A.D. unlike
it has triple arched doorway which was absent in Siddhanatha Siva Terracotta Temple. But the
arrangement of terracotta plaques and the amalgamation of traditional Bengali Charchala type
surmounted by Ratna or Pinnacles — are the same features which applicable on both temples.
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Introduction of Mihrab (approxzimately 8 ft. in height) along with the famous Siddhanatha
Sitva linga
(Photograph was taken by the Author himself)

Terracotta Plaques with various contents in Siddhanatha Siva Terracotta Temple
(Vighnésvara Ganésa, Joydurga Indigenous (Koch) soldier holding aiming the gun)
(Photograph was taken by the Author himself)



Terracotta Plaques with various contents in Siddhanatha Siva Terracotta Temple (British
soldier holding the gun floral motifs)
(Photograph was taken by the Author himself)

Siddhanatha Siva Terracotta Temple
(Photograph was taken by the Author himself)
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Radhabinod Temple of Joydev at Illambazar
(Photograph was taken by the Author himself)

So from the above all discussion it is clearly recognized Cooch Behar though situated in
the marginal part of Bengal but also has a few but qualitatively remarkable specimen of ter-
racotta temple. It is undoubtedly prove that in building these temples influence of temple of
South Bengal generally falls in it but on the whole these temples successfully retained their
originality, assimilation and uniqueness by the inclusion of folk culture in its sculptural panel
introduction of some architectural features which clearly prove the cultural negotiations with
Islamic tradition.
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Environmental Degradation and Gandhi’s Ethical Concern
Partha Sarkar *

Environmental Ethics is defined as the moral relationship between human and the natural en-
vironment. It is an area of environmental philosophy that faces a lot of conflicts due to the
various subdivisions in term of ethical perceptions. it is also a systematic process of protecting
the environment. It includes the whole system of environment comprising of trees, human
beings, animals and every other living on earth. The aim is to maintain a right balance in the
environment and to protect certain species of living beings from total extinction. It was natu-
rally understood that all the lives are interlinked and the great bond of empathy and respect
were established.

When we think of the ancient Indian perspective on environment, we are compelled to think
about the fact that most of the environment related things are expressed in the feminine gender.
the environment itself is called “prakriti” which is a feminine term. The earth is imagined as
mother and all of us are her children. As the mother protects the baby in her womb, similarly
the earth also nurtures the seeds of crops in her soil. The earth is described as mother because
of her feminine qualities of patience, kindness and nourishment. She gives us food, shelter and
everything we need to live. So, we should not consider the environment as the “other”. Thus,
ancient people tried to make a strong bond with nature.

But modern human beings are inclined to believe that they are entitled to cross natural re-
sources easily. They use nature to fulfil their mean agendas. By which they create a dangerous
situation and endanger innocent lives. Human’s ill-treatment towards the environment is not
only drastically altering the ecosystem but also threatening human’s survival. According to
M.K. Gandhi, unlimited wants of modern men are the cause of environmental degradation. the
passion to have more and more at the expense of nature and members of own species and a
lot of others in the system who are less fortunate, is indeed on of the root causes of environ-
mental problems. Recent, Threats of environmental pollution and depletion of non-renewable
resources both are deteriorating ecological balance. As a result, the world is today catastrophic
situation. some environmentalists feel that if the present way continues, there may be no one
to live. So, we have to stop the destruction of mother Earth and we have to protect it otherwise
we are only left with task of postmortem.

To protect the nature, there are several Acts like, the environmental protection Act (1986), the
forest conservation Act (1980), the wildlife protection Act (1972) besides these, NGOs, confer-
ences, etc., but we fail to protect our nature. Therefore, we need to focus not only on judicial
laws and various environment protection acts but also on environmental ethics which can ac-
tually create mass awareness through various scientific and non-scientific methods. Here, I will
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confine myself what is stated in Gandhi’s philosophy of life about environmental awareness as
well as sustainable development. Gandhian principles can serve as a guide to understand the
problem in proper perspective.

Gandhi’s ethical values have much significance today because society is witnessing the degrada-
tion of values. His virtue of self-control is much needed in a materialistic world which is driven
by the desire to achieve and acquire more and more. Present social values have degraded to such
an extent that people do not hesitate to destroy nature and kill someone for the gratification
of their own need.

This paper has been divided into two parts. In first part of the paper, I have proposed to discuss
Gandhi’s critique of modern civilization which is important cause of environmental degradation
and in the second part of my paper, an attempt has been made to discuss Gandhi’s idea of
human harmony with nature which is crucial for balancing environment.

Modern civilization is the cause of miseries of our present life because, it promotes the present
model of development which is unsustainable in nature and is also responsible for the present
environmental crisis. It is true that modern civilization does not respect nature’s needs and a
development which does not respect people’s needs but, threatening human survival. Gandhi
was critical of modern civilization, rapid industrialization, galloping urbanization, consumerism
etc. as they are disturbing right kind of beings.

Industrialization:

Gandhi was opposed to western industrialism blindly because of the associated environmental,
social and economic problems. The main reason was that such industrialism is based on an
assumption that resources are unlimited, which is actually not the case. The biosphere does
not have unlimited capacity to bear the eco-degradation resulting from the unsustainable devel-
opment. While our planet’s resources do not grow, population and wants grow exponentially.
This means that there cannot be unlimited and infinite growth and development with limited
and finite resources. He advocated that we should not become slaves to unlimited desire for
material growth. Modern industrial civilization has changed the whole scenario of the nature.
There is a drastically change in man’s attitude toward nature and environment. Most of people
are in mad rush to exploit nature for their excessive greed. Gandhi was not against industri-
alism but he was opposed to those industrialization which is dehumanizing machine culture.
His systematic study of process and effect of domination of machines led him to conclude that
industrialization is a satanic civilization as it cannot able to promote welfare for the most
numbers of people of the society. If we draw a graph of development of industrial growth and
superimpose it on a graph of parameters that representing environmental degradation, one will
be amazed to see that they are almost similar. So, it can be said that industrial development
one of important cause of environmental degradation. Gandhi was not against the industrialism
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but modern industrialization. He advocated village industries which are always less like to be
harmful to the natural environment.

Urbanization:

Rapid industrialization throughout the world has promoted a high rate of urbanization. Gandhi
was against the craze of urbanization. The present unchecked and unplanned urbanization has
brought it all the vices of the city life, including tremendous pressure on the environment.
Gandhi regarded city-life as the center of vices and exploitation where the condition of workers
is miserable and workers work as a slave. They are physically, psychologically and economically
exploited. Gandhi was in favour of the revival of village communities. In his opinion, Indian
villages have produced and supplied to the town and cities all their wants. But the cities have
impoverished villages by dumping cheap and shoddy goods from foreign land. Gandhi wanted
to establish healthy and moral relationship between city and village life. Gandhi regarded India
as the inheritor of rural civilization. It cannot be uprooted and substituted for an urban civi-
lization. Thus, Gandhi was in favour of village life. This, Gandhian thought, not only suited
best to India’s needs but was also more eco-friendly.

Modern civilization and Consumerism:

Gandhi understood that the problems of environment that we face today only symptoms of
modern civilization. Gandhi all along his life advocated for simple living, highly thinking and
curbing of wants. Western materialism is based on maximum production and maximum con-
sumption. This attitude of life leads to consumerism. It is based on capital-oriented mood
of production, multiplication of wants, desires and expectations where tradition, culture and
morality are missing. As a result, human beings are inclined to believe that they are entitled
to cross natural resources easily. They use nature to fulfill their mean agendas. By which they
create dangerous situation and endanger innocent lives. Gandhi was against such consumerism
as it affected human life as well as nature. M.K. Gandhi once said, “the earth provides enough
to satisfy everyone’s needs but not any one’s greed”. These lines of M.K. Gandhi reflect upon
how human behaviour destroy natural resources and how a sustainable way of living is the need
of the hour. Gandhian trusteeship holds relevant in the current scenario as people live lavish
life-style and destroy the natural resources recklessly indebting future generations.

Technology:
Modern technology is used to multiple production, cost reduction, atomization and replac-

ing human labour. Besides environmental pollution, nuclear and other hazard, mental tension,
violence, crime all are the direct result of technology. Gandhi was against this kind of technol-
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ogy. But he favoured those technology which promote maximum benefit of maximum number
of people and do not promote environmental degradation.

Gandhi draws our attention to the need of environmental protection and to guard against
the abuse of the natural resources. As our mindless destruction of natural resources is alarm-
ing. Gandhi encourages to rethink about our inadequate and risky development model putting
too much stress on economic prosperity.

Gandhi’s idea of human harmony with nature:

he had profound concern for nature and all living beings including plants and animals. He
led a life which was essentially non- violent and giving due respect to nature and its creations.
According to him, trees and living beings are just like us. They live and breathe, feed and drink
as we do and like us, they need sleep also. He said, we should feel a more living bond between
ourselves and rest of animate creations.”

Gandhi’s philosophy of life provides environmental awareness, sustainable development which
are symbiotic with nature. Gandhian environmental ethics comes from philosophy of worldview
that is totally depends on his own principle non-violence. Gandhi’s vision of life call for appli-
cation of truth and non-violence in all walks of life. He said, “non-violence is not a garment
to be put on and off all will, its seat is in the heart and must be inseparable part of our very
being”. Non- violence is not merely a ‘live and let live’, formula, but it involves a principle of
‘live and help other to live’ and these “other” should include human beings, animal and nature.
Gandhi visualized a non-violent economic order based on equality and justice. He advocated
a simple life which fulfils basic necessities of life and is in tune with nature. Gandhi’s non-
violent economic ideas revolved around Swadeshi and khadi. Khadi is not a piece of cloth but
it is a symbol of decentralization of production and distribution. It stands for a non- violent
life style.

According to him, human existence is a unified whole. He believed in the unity and oneness
of all life and its interconnects. As he followed and believed on advaitabad of Shankaracharya.
So, he believed in the essential unity of man as well as every creature.

Unity and oneness are the essence of Sarvodaya ideology which can be considered as the un-
derpinning of deep environmental philosophy. Gandhi’s philosophy of Sarvodaya is based on
the principle of the wellbeing of all human as well as sentient beings. Gandhi wrote in his
Autobiography “to see the universal and all-pervading spirit of the truth face to face, one must
be able to love the meanest creation as oneself.” Gandhi states that if one able to see truth or
non- violence, he/ she must able to love to all creations as himself/herself.

Sarvodaya society is free from undue exploitation of nature as, in this society everyone has
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to perform to lead an ideal life in the tune with nature trying to return whatever he/she takes
from nature. Gandhi said, everyone should use natural resources with the sense of Aparigraha
for the common welfare of the people. Aparigraha is a concept of Jaina philosophy which used
Gandhi in his own philosophy, means to take what you require for your legitimate needs, one
should not take a single thing from the nature still it is actually required. He also made a
conscious effort to use the resources of nature to the bare minimum in an attempt to conserve
natural resources. His attitude was that one should not take even a single thing from nature
when it is not actually required. The application of Gandhian principles will allow human be-
ings to satisfy their basic needs without harming interests of fellow beings and nature. Gandhi
stated that “the earth provides enough to satisfy every man’s need but not for every man’s
greed”. By this line, Gandhi reminds us that man cannot infinitely exploit nature to satisfy
his/her ultimate wants. men should live with simple and harmony with nature. The envi-
ronmental wisdom of Gandhi is ingrained in this mantra. He lived a life which was in tune
with environment and he was placed a life-style before humanity which was in tune with nature.

“Yojana” is another important idea of Gandhian ethics that promote free from undue ex-
ploitation of nature. According to Gandhi, “yojana” means an act directed to the welfare of
others, done without desiring any return for it, whether of a temporal or a spiritual nature.
Yojana is not merely engagement in bodily labour but it gives an opportunity for an individual
to repay the debt one owned to the society. In conclusion, although Gandhi’s ideas on mod-
ern civilization were futuristic, already there has begun serious thinking on these issues in the
Western. It has also become clear that as long as we blindly follow the pattern of unsustainable
development set by the Western civilization, the very future of the human race is in danger.
modern civilization has changed the whole scenario of the nature. Last two-decade climate has
been changed dramatically so, we have to stop the destruction of nature otherwise, we cannot
survive in the planet earth. I, think Gandhian principles can help us to make a balancing
environment.
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