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Properties of Polyaniline-CeO, Nanohybrid for NH, Gas
Detection

Reshma N. Dhanawade,l"l Nanasaheb S. Pawar,rur Manlk A. Chougule,rur

Gajanan M. Hingangavkar,l"rTanaji M. Nimbalkar,r'r Ganesh T. Chavan,rbr Chan-Wook Jeon,lbl
and Vikas B. Patil*r'l

DeveLoping a hLqh perlormance senslng materiaLs operating at

roorn temperatu.e (30"C) is emlnently a (hallenging rask. The

faciL€ chemlcal oxidat ve polymerization route wa5 emp oyed

for the synthesis of PAn -CeO) nanohybrde wth CsA nter.ala-

lion (10 50 wtyo) on the chains of protonated PAn The (ubl.
(rystnl nru.ture of PAni CeO, C5A nanohybids we.e revealed

by Xiay diffra.tometry (XRD). Scanninq eleckon ,n croecopy

(SEM) and transmBslon ele.tron micros.opy (IEM) we,e

employed for the structural and morpholoq cal i.vrstlgotiods.

X ray Photoelectron Spectror.opy (XPS) and R.nraf speclro

lntroduction

Reproducbe, nexpensive and hqrhy actlve gas sersor are

.ons dered signifi.ant for veuatile appl .ations su.lr a5 man!

fa.turn9, e.vno.menta, health and military oprrJto.i to

avoid impendirtg h.zards for human bd ,9 .nd
envro.mentL'rr Ahmonia lNHrl t. toxi. and.omtr!stlrle
(ontaminant, posturing cont nuous risks to human health and

ecology I t.eaches to 25ppm in thts.r! NHr spoils the

e.osystem because of natura and afif.:l sour..s llke

ndustrla izat on.r'r automobic exhaustionL"r and ho!sehold

ad vitics Therefore, an ex.ess ve efforis hdve been .,itricd out

Ior deve oping NHr 9as sensor that iminiaturzed,(onvenent
.nd h qh y senstivc towards harmfulNllr !,as rt.oo,r rqnper

ature for human being and envlronmenta prote(t.n [iany
qns 5ensing materinls are aviiable, such a5 to rducting

poymers,'! semico.du.ting meta oxides (sMO)r'! .nd cdr

bon based materia s,r 
r 'r differ ii their behavior5 rnd 9as

senslng performances Nowadays, sem condu.ting m.ral or des

su.h as.e.um oxide (CeO,), t!ngstcn oxLdc (Wor), ro. oxide

{Fe,o,)and tln oxide (Snorlare used in qas sensors be(.use of

lnfluence of the Camphor Sulphonic
lntercalation on the Micro-structural

wwW'chemistryselect.org
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s.opy .onfirm€d the formation of PAnl CeOr CSA nanohybrid.

lhe col5eouence5 ol CSA .te,cdlarol on tle gd( .F-.n!
peforma.ce of PAniCeO, nanohybrids are explored th.ough

cuslom desigfed tens n9 system. The gae sensing investlga

tions reveaLed that PAnlCeO, CsA (50wt%) nanohybrid er

hibrted highest responte {93olo) towarrls 100 ppm NHj at 30'C.

Advantagcouny, CSA intcrcalat.d PAniCcO: nanohybri.l 9as

sensor delvered fast responsc and q!ick ,.cov.ry (8 sc. and

482 se()with idmir.ble stabiity (84.09o/0)towards NHr at 30'c

excellent n.b ty and nnproved gas sen5 ng prope( es (.r um

oxide (CcO) is n'type semi.onductor nret.L oxid. wth out

nnnding e e.tr.al .ondu.tivity and ex.e lent redor re;i..t o.s
thnt improve qas senslng.haracteristcsL Of the other

ha.d, ceriurr ox,de tCtOrl (otr'p, rn9 h 9h opcrat n9 r.nrp.r
ature with heat thit nduced crysta growth and hazard of

explos on, t renricts the pract .n! npp icatio!rs r5r Conduc!i.q
po yme6 are more reliablc candidates due to their low pri.e,

most s gnificaft selectiv ty, fast responsc and re.overy time at

roorn tempcralure a5 .omp.red with mcta oxidcs. fur Amongst

the (onduct n9 polymeE, PAni is nror. cffcicnt for revelat on

oF toxlc NH,gar at 30 C "'wloreover, pr5t.e PAn i5 rirple
to synthes ze rfd lt .ompr ses w th dist nct molc.ula. (ru.ture

and ex.c lent nabiity 8ut, it hrs sonrc drawbi.ks, n.lud n9

ow se ectiv ty, ong term nabi ity nnd extended re5ponse .nd
recovery t me.r'' The !.s sefs n9 peforman.es of.er um or de

and pr st ne PAn are irconve.ient a.d they .onstra ned by a

number of f..toE. Therefore. for the a.hievrment of ex.e lert
gas 5ensn9 performrnce, the composite m.leral cornprslng

w th organl. and norgan c ,naterial propert cs 5u.h as PAn

Ceo, naoohybrd was synthes zed.

n the pres.nt researh work, CSA nter.alated PA.iCeO,

naiohybrid was synthes zed !t lzing a fac lc po ym.r zat on

process to mprove tlre 9.s sensit v ty, s. ..t vrty, stab lrty .hd
response recovery t me "r Thc ro e of CsA i! a potentia

dopant, whr.h in.rer5e5 tlre .o.du.tiviLy as well a5 n.b Lity of

PAn.CeO: nanohybrdsL"'r Therefore, C5A ntercalated PAnl

CeO, nJnohybri.lr de ve6 ex.elenl qa5 re5ponse towdrds NHI

at 30-C lhe.eated nve5t gations Ior qas se.so6 were

studlcd. Navae ct.a " des.rlbed the fabr.aton of csA (r0

50wt%) nterca rted PPy Feror hybrid nano.ompostes tor

Schcol ol
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Intercalation of two-dimensional graphene oxide in WO3 nanoflowers I)
for NO2 sensing HJr

Cajanan M. Hingangavkarqr', Sujit A. Kadam', Yuan-Ron Ma', shril(rishna D. Sartale'r,
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Chemiresistive wor6o (wc) n.nohybid senso6 were designcd by a cost efiedivc hydrodErmal
proce$. Thc stlucture, morpholog} composition and surface features ot rhe preparEd wc nanohybrids

were exploEd by an atray of analytical techniques, such as x ray diitractometry (XRD), Raman

specfioscory, x ray photoeletron spe.iros.opy (xPs), field emission scannins ele.tron microscopy
(FESEM), encrsy drpe6ive x{ay.nalysis (EDAX), hish ,esolurion transmissioi elecron microscopy
(HRTEM) and Brunaler-Emmetr-leller (BED sula.e prcnlins. The sas sensin8 pertorman.e of the

wc nanohybrids reveals that thc smallamount ofco significandy iopacts th€ s€nsor periornance,

The enhanced gas sensing pedormrnce of the WC nanohybrid sensor with J 60 content of 3 weightz
exhibits an excellent response to r00 ppm ofNo,, aitainins 2399, which k learly fourlold higher than

rhat olprktine wor (611) ai ls0'c, and shows ousEndins selectivity, reprcducibilityand stability
(8451). lmpedance specroscopy was employed to undectand the interaction between the No, srs
molecules and the WC nanohybnd.

@2023Ehevie!B,v,All.ights reserved,

A rapid economic boom throughout thc carly decadps fueled

the speedy increase in global energy consumption. Energy is

mainly obtained from the burning ollossilfuels. As a result, the

environment gets coniaminated with poisonous sases rcle.sed
from burning fosilfuek. Pollutantgases einitted by the combus-
tion of fuels, such as nitrogen dioxide (Nor), carbon monoxide
(co), hydrosen disulfide (H,S) and others. pollute the atmo
sphere. These are harmtul to both living o€anhms and humans.
ln a short period, exposure to NO, (- 10 pprn) may lead to fast
nasal and throat irrit tion, as well as edema and distre$. NO,
concentr.tions exceeding 100 ppm cause death by suffocation
when inhaledwithin a slrorrtime name, Additionally, NOz causes
pholochenirdl smo8. drid rdin Jnd dc, plprdre" n)r oscop( pa'-
ticle formation. Thus, for environmental and healrh monitoring,
cost-effective ind simple chemiresistive sensors with outstarding
NO, sensing capability are ofrhc utmost impoftance J'-11.

Transition Detal oxides, such as WOr, TiOr, SnOz, ZnO, and

Feror 15,61, have been exteosively studied in dre lastlew decades

for NO, detection because of their semiconducting nature. Y.H.

Navale et al. have leported a Cuo nanocube sensor for No?

detection using tbe thermal evaporation technique I2l. Lizhi
zhang et al. have worked on a ceo2/craphene hetercsttucntre
for No, se.snrg usnrg a hydrothemal approach lrl. Hongwen

Zhanget al, haveexploredWOr decorated using Au nanoparticles

for lhe selective detection of NO, gas l4l. Shibin Sun et al. have

synthesized nanocomposites of graphene nanoplatelets and WOr

HrO using a simple precipitation method 17l. wor nanoflower
(NFs) are 3D nanostructures ls-l7l with an ability to detect No,
gas that have been extensively investigated over a few decades,

attributable to dreir low cost, excellent chenicalstability, crysial
structures and superior sensitivity. It is recognized thnt the ef-
fect ot gas sensing of WO3 NFs is iflitiited alter the interaction
amons oxygen ionic specles (o'] , o; and O ) adsorbed on the
nanostructured suriaces and the gas molecules Ii,:iil.

The inherent properties of WOr NFs, such :s absorption of
low visible light and iast recombi.ation ol carricrs, ,cduce its
utility in some applicatioDs, slch as photocatalysis and gis sens-

ing. We can straightforwatuly overcome the shortcomings of
pristine WOr NFs by hybridization with nanoinaterials of the
carbon ianily(carbon nanotubes and graplrene) to improve their
pertormance Ir',,7!1. crapheic oxidc (GO) is the most impres
sive sraphene bascd strlcturc. because of its exdusive suriace,'n0il oddrusi vbFtil@nri..$ (v.s. P.dl).

htrp!:/rdoi,rdl0.lulcr.,anoso.202r.looeM
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Abstract

A novel Bi-Mg-O composite nano-catalyst was prepared by using Bi(NO )  and nano-

MgO. Prepared catalyst was characterized using x-ray di�raction (XRD) analysis,

scanning electron microscope (SEM), X-ray photoelectron spectroscopy (XPS)

technique which con�rms its nano-crystalline nature and composition. The

synthesized novel catalyst Bi-Mg-O was found to be competent catalyst for the

synthesis of spirooxindole derivatives by multicomponent reaction of isatin,

dimedone, malononitrile and 4H-pyran derivatives by reaction of dimedone, aryl
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Abstract

In this study, a simple sonochemical approach for molecular anchoring of CoW O  [12-tungstocobaltate (II)] on

fern-leaf like BiVO  microstructures was employed. The various compositions were prepared by varying contents

(0.5%, 1%, 1.5%, 2% and 5%) of CoW O  (hereafter denoted as CoWO). The as-synthesized samples were

characterized and confirmed by various physicochemical tools. Furthermore, the performance of resulting

composites was tested toward visible light driven photocatalytic treatment of organic pollutants and

supercapacitor. Among them, 1CoWO/BVO composites showed optimal performance as compared to other

composites and bare fern-leaf like BiVO . To be specific, the photocatalytic performance of 1CoWO/BVO showed

97% and 78% degradation of methylene blue dye (MB) and tetracycline drug (TC), respectively. Additionally, the

reusability of optimal 1CoWO/BVO photocatalyst was confirmed by performing its five consecutive runs towards

degradation of MB and TC. Moreover, 1CoWO/BVO electrode yielded the specific capacitance of 245 F g  at 2 mV/s

scan rate, supporting its applicability as an efficient supercapacitor electrode. The synergistic effect of CoWO and

BiVO  dominated their bare counterparts towards photocatalytic as well as electrochemical performance. Thus, this

work rationally opens up the avenues to employ POMs based novel hybrid materials for future environmental and

energy storage application.
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Abstract

This study reports simple analytical approach for thiamine (Vitamin B ) detection based on induced aggregation

and alternation in colorimetric properties of gold nanoparticles (AuNPs), which was synthesized through citrate

reduction approach. Furthermore, the citrate capped AuNPs are characterized by various analysing tools. The

addition of thiamine persuades the aggregation of citrate-AuNPs and further leading to red to blue colour transition

with decrease in absorbance intensity. The proposed method achieves good linearity with a correlation coefficient

of 0.9843. By using our proposed strategy, thiamine was detected by unassisted vision as well as absorption

spectroscopy. Under the most favorable condition method achieves good linear relationship between concentration

range 0.01–0.8 μg mL  with limit of detection of 0.0067 μg mL . Under the premium condition, the method offers

excellent selectivity towards thiamine detection in presence of different interfering species. Further practical

applicability of the method was checked by using blood serum and urine sample via standard addition method. The

obtained recoveries were acceptable in the range of 98.70–102.97% for added thiamine concentration. Thus, the

proposed method may emerge as a target specific and highly sensitive tool towards thiamine detection.

Keywords

Gold nanoparticles; Thiamine; Aggregation; Colour change; Bio-fluids; SPR; Absorption

1. Introduction

Vitamins are one of the most required micronutrient for human body to work properly. Anabolic processes do not

produce some vitamins, food and medicines are good candidate to provide it [1]. B complex is a combination of

Vitamin B , B  and B  and important participant in various functions of metabolism and excess or deficiency of
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Abstract

Despite the fact that the oxindole has long been thought to be the best structural scaffold, research shows that

oxindole derivatives are being studied the least against tuberculosis (TB), a historically airborne illness. The present

research focuses on the development of 3-substituted-2-oxindole derivatives with a combination of structural and

functional alterations in order to create dual-active new chemical entities with anti-TB, anti-oxidant, and radical-

scavenging properties. The physicochemical properties of these compounds are in line with the theories of Lipinski,

Veeber, and Leeson. SWISSADME was used to assess the drug-like molecular nature and pharmacokinetics features.

Multistep synthetic procedures were used to synthesise the chemicals. Based on in vitro anti-TB and radical

scavenging property analyses, the synthesised 3-substituted-2-oxindole derivatives were confirmed as dual-active

compounds. The synthesised 3-substituted-2-oxindole derivatives were confirmed to possess the dual therapeutics

action. The discovery of radical scavengers 4d, 4a, 4c, 3d, 3c, 3f, 3e, 3h, 3g, and 3j that are more potent than

Ascorbic acid, the standard. The molecules, 3c, 3j, 3b, and 4b have exhibited moderate to active anti-TB properties

with a % reduction values of 46.42%, 40.89%, 39.76% and 39.32%, respectively. The findings suggest that fine-tuning

molecules might result in compounds with better anti-TB and radical-scavenging properties.
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Abstract

Present work involves the green and environmentally benign synthesis of 1,5-

benzodiazepines using iodine as a catalyst and PEG-400 as a green solvent at room

temperature that gives an excellent yield of products. All the synthesized compounds

were screened for their anti-in�ammatory, antioxidant, and antidiabetic activity. All

the synthesized compounds showed excellent antioxidant activity against DPPH and
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Background: Recently, researchers have worked on the development of new methods for the synthesis of
bioactive heterocycles using polyethylene glycol as a green solvent. In this context, we report the synthesized
2-(2-hydrazinyl) thiazoles for their in vitro antioxidant, in vitro anti-inflammatory and in vitro anti-cancer
activities.

Objective: The objective of the study was to develop novel antioxidant, anti-inflammatory and anti-cancer
drugs.

Methods: At the outset, the condensation of substituted acetophenones 1, thiosemicarbazide 2, and α-
haloketones 3 was carried out using PEG-400 (20 mL) in the presence of 5 mol% glacial acetic acid to afford
thiosemicarbazones intermediate. Furthermore, these thiosemicarbazones were reacted with α-haloketones 3
to obtain appropriate 2-(2-hydrazinyl) thiazoles. The synthesized compounds were in vitro tested for their
antioxidant, anti-inflammatory, and anti-cancer activity.
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Abstract

The sol-gel approach was used to synthesise lanthanum and aluminium doped yttrium

ferrite nanoparticles. The absorption peak is observed at ~265 nm corresponds to band

gap of 2.9–3.1 eV. X-ray diffraction (XRD), �eld emission scanning electron microscopy

(FE-SEM) and High-Resolution Transmission Electron Microscopy (HR – TEM) were

used to analyse the structural and microstructural properties of the product. The particle

size calculated to be 60–110 nm from the HR-TEM analysis. The vibrating sample
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Review

Recent Advances for Synthesis of Oxazole Heterocycles via C-H/C-N Bond

Functionalization of Benzylamines

First published: 09 June 2022
https://doi.org/10.1002/slct.202104028
Citations: 6

Graphical Abstract
The �ve membered heteroaromatic oxazole motifs and their sca�olds exhibit signi�cant
pharmaceutical and biological applications. Remarkably, the high e�ciency in the assembly of
structurally diverse oxazole sca�olds via C(sp )-H functionalization of benzylamines have attracted
synthetic organic chemists. In this review, the di�erent synthetic strategies from benzylamines as a
new emerging substrate via C−H/C−N bond functionalization towards oxazole synthesis are discussed
in detail. Moreover, it highlights substrate scope along with the reaction mechanism involved during
the reaction.
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Abstract

An environmentally benign synthesis of 3,3’-bis(indolyl)methanes (BIMs) has been developed from

arylmethylamines and indoles under aerobic condition in presence of oxone. The formation of BIMs using ethanol

as a green reaction medium represents a good practical method for synthesis. The good tolerance was observed

towards various functional groups for exploring substrate scope in presence of oxone and the synthesized BIMs

afforded in excellent yields up to 94%.
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Introduction

Indoles are well-known nitrogen containing heterocyclic scaffolds due to huge significance in the field of medicinal

chemistry [1], [2], [3], [4], [5], [6], [7]. It has broad range of applications in alkaloids, pharmaceuticals, natural

products [7], agrochemicals, hormones and neurotransmitters [8]. Especially, bis(indolyl)methanes (BIMs) and

tris(indolyl)methanes have been recognized as core motif in natural products and pharmaceutical science. [9,10] It's

occurrence in different terrestrial and marine natural resources has increased the biological importance [11], [12],

[13], [14]. In addition, the substituted tetraphenylethylene scaffolds of BIMs have shown the properties of AIE active
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Cover Feature: Rapid One-Pot Aerobic Oxidative N-α-C(sp )-H Functionalization

of Arylmethylamines to Access Tetrasubstituted Imidazoles (Asian J. Org. Chem.

8/2022)

First published: 01 August 2022
https://doi.org/10.1002/ajoc.202200388

Graphical Abstract
A simple copper-catalyzed “one-pot” process has been developed for the synthesis of poly-
substituted imidazoles. Tetrasubstituted imidazoles could be a�orded in short reaction time and in
excellent yields under mild and eco-friendly conditions via direct oxidative N-α-C(sp )-H
functionalization of arylmethylamines. The explored substrate scope of readily available benzylamines
with 1,2-diketones and α-hydroxyketones has shown great utility in designing di�erent
tetrasubstituted imidazole sca�olds that are of medicinal signi�cance through this alternative route.
More information can be found in the Research Article by Vikas D. Kadu et al.
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Abstract

Despite the fact that the oxindole has long been thought to be the best structural scaffold, research shows that

oxindole derivatives are being studied the least against tuberculosis (TB), a historically airborne illness. The present

research focuses on the development of 3-substituted-2-oxindole derivatives with a combination of structural and

functional alterations in order to create dual-active new chemical entities with anti-TB, anti-oxidant, and radical-

scavenging properties. The physicochemical properties of these compounds are in line with the theories of Lipinski,

Veeber, and Leeson. SWISSADME was used to assess the drug-like molecular nature and pharmacokinetics features.

Multistep synthetic procedures were used to synthesise the chemicals. Based on in vitro anti-TB and radical

scavenging property analyses, the synthesised 3-substituted-2-oxindole derivatives were confirmed as dual-active

compounds. The synthesised 3-substituted-2-oxindole derivatives were confirmed to possess the dual therapeutics

action. The discovery of radical scavengers 4d, 4a, 4c, 3d, 3c, 3f, 3e, 3h, 3g, and 3j that are more potent than

Ascorbic acid, the standard. The molecules, 3c, 3j, 3b, and 4b have exhibited moderate to active anti-TB properties

with a % reduction values of 46.42%, 40.89%, 39.76% and 39.32%, respectively. The findings suggest that fine-tuning

molecules might result in compounds with better anti-TB and radical-scavenging properties.
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Background: Recently, researchers have worked on the development of new methods for the synthesis of
bioactive heterocycles using polyethylene glycol as a green solvent. In this context, we report the synthesized
2-(2-hydrazinyl) thiazoles for their in vitro antioxidant, in vitro anti-inflammatory and in vitro anti-cancer
activities.

Objective: The objective of the study was to develop novel antioxidant, anti-inflammatory and anti-cancer
drugs.

Methods: At the outset, the condensation of substituted acetophenones 1, thiosemicarbazide 2, and α-
haloketones 3 was carried out using PEG-400 (20 mL) in the presence of 5 mol% glacial acetic acid to afford
thiosemicarbazones intermediate. Furthermore, these thiosemicarbazones were reacted with α-haloketones 3
to obtain appropriate 2-(2-hydrazinyl) thiazoles. The synthesized compounds were in vitro tested for their
antioxidant, anti-inflammatory, and anti-cancer activity.

Syntheses, Molecular Docking and Biological
Evaluation of 2-(2- hydrazinyl)thiazoles as
Potential Antioxidant, Anti-Inflammatory and
Significant Anticancer Agents
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Abstract

Polyaniline �lms modi�ed by carboxylic acid dopents have been formed by in situ

chemical oxidative polymerization using ammonium persulfate as an oxidizing agent

and investigated for NH  gas sensor. We demonstrate that butyric acid-doped polyaniline

(BPANI) �lm is highly selective to NH  with high selectivity (513% at 100 ppm), fast

response time (8.94 s). Furthermore, good reproducibility was also observed at 100 ppm.

The room-temperature functioning of the sensor is critical, which facilitate low-power

operation and also enhances the life time of the sensor. The results indicate that the

carboxylic acid-doped polyaniline �lms are promising for NH  gas detection.
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Abstract

A room temperature synthesized polyazomethine (PAZ) series via polycondensation route comprising monomer as

5-[4-(5-formylfuran-2-yl)phenyl]furan-2-carbaldehyde (III) and various diamines to engineer PAZ-1 to PAZ-5

polymers. Physico-chemical properties of as-prepared PAZ series have confirmed by X-ray diffraction (XRD), field

emission scanning electron microscopy (FESEM), energy dispersive X-ray analysis (EDAX), transmission electron

microscopy (TEM) and spectroscopic techniques. In FTIR, –CH=N– peak at 1600 cm  attributed to the successful

conversion of dicarbaldehyde (III) and diamines into polyazomethine. The amorphous nature of PAZ series is

depicted by XRD diffractograph. The marigold like morphology of polyazomethines has revealed in FESEM and TEM

images. The chemical composition and elemental distribution on PAZ surface has mapped using EDAX technique.

The electrochemical activity of as-prepared polyazomethine electrodes has investigated by cyclic voltammetry (CV),

galvanostatic charge discharge (GCD) and electrochemical impedance spectroscopy (EIS) techniques. The

supercapacitive performance of PAZ-1 to PAZ-5 electrodes in various electrolytes as NaOH, KOH, Na SO , and LiCl by

varying concentrations, the PAZ-2 electrode exhibits elevated specific capacitance (C ) of 831 Fg , specific energy

(SE) 22.99 Whrkg , specific power (SP) 82.87 KWkg  in optimum 1 M NaOH electrolyte. The distinguished PAZ-2

electrode after successive 500 cycles has delivered exceptional stability, 71.65 % in 1 M NaOH.
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Objective: The research work aims to synthesize novel series of hydrazones and antioxidant screening. It also
aims to evaluate the binding affinities and in silico methods for identifying possible drug targets of
synthesized compounds.

Methods: This report briefly explains the synthesis of a novel series of hydrazones. It was synthesized via.
hydrazinolysis of esters to obtain hydrazide, treated with aldehyde and acetophenone to get hydrazones. The
spectral confirmed hydrazones exhibited excellent to comparable anti-oxidant as compared to the standard
drugs Butylated hydroxytoluene (BHT) and Ascorbic acid. Molecular docking on myeloperoxidase (MPO)
demonstrated the ability of this scaffold to correctly recognize the target and engage in significant bonded
and non-bonded interactions with key residues therein.

Results and Discussion: In this study, we report effectively synthesized compounds BK-35, BK- 41, BK-26, BK-
28, and BK-39 that showed the best DPPH radical scavenging activity. The docking results clearly showed the
binding mode of hydrazones into the active site of Myeloperoxidase (MPO). In in-silico results, none of the
synthesized compounds, BK-24 to BK- 41, violated Lipinski’s rule of five (miLog P ≤ 5).

Conclusions: In vitro preliminary anti-oxidant screening results in support by in Silico binding affinity data of
novel hydrazones of levofloxacin related molecules BK-24 to BK-41 reported here have emerged as excellent
anti-oxidant agents. The inference derived from the in vitro anti-oxidant screening data and the quantitative
insights derived from the per-residue interaction analysis with MPO enzyme are now being fruitfully utilized
for site-specific mutation around the nucleus to identify selective and potent anti-oxidants.

Synthesis of Novel Hydrazones of Levofloxacin
Related Molecule and their In Vitro Evaluation as
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Abstract

Background

The renowned biological role of cobalt is it is main component of vitamin B12, however other cobalt compounds

have been listed as toxic for the environment as well as to human.

Methods

Various samples from different sources are analyzed for their cobalt(II) content by extraction followed by UV–

visible spectrophotometry and compared with atomic absorption spectrophotometry.

Results

In this article, the chromogenic reagent 2-chlorobenzaldehyde thiocarbohydrazone is introduced for extractive

spectrophotometric determination of cobalt(II) from various samples. This reagent forms yellow colored 1:2:2

[Co(II)–2CBTCH–iodide] complex in dichloromethane which was extracted from an acetate buffer having pH of 4.2

in presence of potassium iodide solution which was stable up to 48 h. The absorbance of the complex exhibit peak

absorbance at 400 nm. The present technique was optimized for numerous influences and the interference of other

ion has also been cautiously studied. The calculated values of molar absorptivity and Sandell's sensitivity of the

complex are found to be 0.3006 × 10  mol  cm  and 0.0196 µg cm  respectively. The technique conforms Beer's

law up to 13 μg mL  with 0.999 correlation coefficient of the [Co(II)–2CBTCH–iodide] complex, which specifies

linearity between the two variables. For five replicate determinations (n = 5), the relative standard deviation was 1.18

with the regression equations as y = 0.0672 x + 0.01 with R  = 0.999 as the correlation coefficient. The recovery

percentages were warranted the accuracy and found around 99.0%.

Conclusion
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b b
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Abstract

An easy and reliable method is optimized for extractive spectrophotometric assessment of platinum(IV) with 4-(4′-

nitrobenzylideneimino)-3-methyl-5-mercapto-1,2,4-triazole as an extractant. The basis of this method is the

formation of red platinum(IV) complex with the above reagent in acetate buffer medium (pH 5.0) and extraction in

chloroform. Good linearity with regression equation as y = 1.011 × 10  ×  + 0.002 having correlation coefficient (R ) of

0.998 over concentration up to 17.5 µg mL  of platinum(IV) was achieved with apparent molar absorptivity of

1.011 × 10  L mol  cm . The limit of detection (0.22 µg mL ), limit of quantification (0.73 µg mL ) and Sandell’s

sensitivity (0.0193 µg cm ) were also estimated. The interference of various cations was removed by using proper

masking agents and consequently by using EDTA and citrate to mask certain transition metals, the method becomes

highly specific for platinum(IV), including the effects of platinum group metals. The method is effectively used for

determination of platinum(IV) from environmental and real samples such as alloys, catalysts, thermocouple wire

and pharmaceutical sample.
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Abstract

In the recent times, multi-metal co-contamination in the groundwater of various parts of the globe has emerged as

a challenging environmental health problems. While arsenic (As) has been reported with high fluoride and at times

with uranium; and Cr & Pb are also found in aquifers under high anthropogenic impacts. The present work probably

for the first time traces the As–Cr–Pb co-contamination in the pristine aquifers of a hilly terrain that are under

relatively less stress from the anthropogenic activities. Based on the analyses of twenty-two (n = 22) groundwater

(GW) samples and six (n = 6) sediment samples, it was found that Cr being leached from the natural sources as

evident from 100% of samples with dissolve Cr exceeding the prescribed drinking water limit. Generic plots

suggests rock-water interaction as the major hydrogeological processes with mixed Ca -Na -HCO  type water.

Wide range of pH suggests localized human interferences, as well as indicative of both calcite and silicate

weathering processes. In general water samples were found high only with Cr and Fe, however all sediment

samples were found to contain As–Cr–Pb. This implies that the groundwater is under-risk of co-contamination of

highly toxic trio of As–Cr–Pb. Multivariate analyses indicate that the changing pH as the causative factor for Cr

leaching into the groundwater. This is a new finding for a pristine hilly aquifers, and we suspect such condition may

also be present in other parts of globe, and thus precautionary investigations are needed to prevent this

catastrophic situation to arise, and to alert the community in advance.
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Abstract 

 
Traditional control charts are based on the assumption that the process observations are normally 

distributed. However, in many applications, there is insufficient information to justify this 

assumption. Thus, nonparametric control charts have been designed in literature to monitor 

location parameter and scale parameter of a process. In this paper, a single nonparametric control 

chart based on modified Lepage test is proposed for simultaneously monitoring of location and 

scale parameters of any continuous process distribution. The charting statistic combines two 

nonparametric test statistics namely Baumgartner test for location and Ansari-Bradely test for 

scale. The performance of the proposed chart is examined through simulation studies in terms of 

the mean, the standard deviation, the median and some percentiles of the run length distribution. 

The average run length (ARL) performance of the proposed chart is compared with that of the 

existing nonparametric Shewhart-Cucconi (SC) and Shewhart-Lepage (SL) charts for joint 

monitoring of location and scale. 

 

Keywords: Control chart; average run length; joint monitoring; nonparametric tests; 

location parameter; scale parameter. 

 

1. Introduction 
 

Control charts are the most important statistical process control tool used to monitor manufacturing processes 

with the objective of detecting any change in process parameters that may affect the quality of the output. 

Shewhart 𝑋" and 𝑅or 𝑆 control charts are most popular control charts for monitoring process mean and 

process variability. These control charts are easy to implement but are based on the fundamental assumption 

that the distribution of quality characteristic is normal. In real applications, there are many situations in 

which process data come from non-normal distribution. In such situations, it is desirable to use 

nonparametric control charts. The main advantage of nonparametric control chart is that it does not assume 

any probability distribution for the characteristic of interest. A formal definition of nonparametric or 

distribution-free control chart is given in terms of its run-length distribution. The number of samples that 

need to be collected before the first out-of-signal is given by a chart is a random variable called the run-

length; the probability distribution of the run-length is referred to as run-length distribution. If the in-control 

run-length distribution is same for every continuous distribution then the chart is called as distribution-free or 

nonparametric (Chakraborti and Eryilmaz [1]). The location and scale of a process are the two main 

parameters most often monitored in nonparametric control charts. The problem of monitoring the location of 

a process is important in many applications. The location parameter could be the mean or the median or some 
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percentiles of the distribution. Many authors have developed nonparametric control charts to monitor 

location parameter of the process some of these includes Bakir [2-3], Chakraborti and Eryilmaz [1], Khilare 

and Shirke [4], Human et al. [5]. These charts are based on sign and/or rank statistics. Chakraborti et al. [6] 

and Chakraborti and Graham [7] presented an extensive overview of literature on nonparametric control 

charts and discussed their advantages. 

The problem of monitoring the scale parameter of a process is also important in many applications. For 

monitoring scale parametric of a process very few nonparametric are available in literature. Amin et al. [8] 

proposed a sign chart for process variation based on quartiles. Das [9] proposed a nonparametric control 

chart for controlling variability based on squared rank test. Das [10] developed a nonparametric control chart 

based on rank test. Das and Bhattacharya [11] proposed a control chart for controlling variability based on 

some nonparametric tests. Murakami and Matsuki [12] developed a nonparametric control chart based on 

Mood statistic for dispersion. Khilare and Shirke [13] developed a nonparametric synthetic control chart for 

process variability based on sign statistic. Zombade and Ghute [14] provided nonparametric control charts 

for process variation based on Sukhatme’s test and Mood’s test. Shirke and Barale [15] proposed a 

nonparametric cumulative sum control chart for process dispersion using in-control deciles. 

The existing nonparametric control charts are designed for monitoring location and scale by using 

separate control charts. Using two separate charts for monitoring location and scale can sometimes be 

difficult in practice for the interpretation of signals because the effect of changes in one of the parameters can 

affect the changes in other one. The joint monitoring scheme with single chart has received more attention in 

the recent literature due to simplicity and clarity. A single control chart uses a statistic that is a combination 

of two separate statistics one each for mean and variance. Joint monitoring of a process involves two 

parameters, the mean (location) and variance (scale) and typically uses an efficient statistic for monitoring 

each parameter. The control charts currently available for jointly monitoring the mean and variance are 

focused on parametric control chart. Cheng and Thaga [16] provided a review of literature on joint 

monitoring of control charts up to 2005. McCracken and Chakraborti [17] presented an overview of literature 

on joint monitoring control charts. They also discussed some of the joint monitoring schemes for multivariate 

processes, autocorrelated data, and individual observations. Most of the parametric control charts for joint 

monitoring the mean and variability of a process are based on the assumption that process distribution is 

normal. However, in many applications there is not always enough knowledge or information to support the 

assumption that process distribution is of specific shape or form such as normal. In such cases nonparametric 

control charts can be useful. The literature in the area of nonparametric joint monitoring schemes is currently 

very limited. A few nonparametric joint monitoring schemes are available in the literature. Zou and Tsung 

[18] developed EWMA control chart based on goodness-of-fit test. It has been shown that the proposed chart 

is effective for detecting changes in location, scale and shape. Mukherjee and Chakraborti [19] developed a 

single distribution-free control chart for joint monitoring of location and scale. The chart is based on 

nonparametric test for location-scale by Lepage [20] which combines the Wilcoxon rank sum (WRS) 

location statistic and with Ansari-Bradely scale statistic. Chowdhury et al. [21] proposed distribution-free 

chart based on Cucconi statistic, for joint monitoring of location and scale parameters of continuous 

distribution. Nonparametric joint monitoring scheme is an important area for research and literature in this 

area is currently very limited and thus presents a great opportunity for further research. The purpose of this 

paper is to contribute the research on nonparametric joint monitoring scheme.  

In this paper, a single nonparametric Shewhart-type control chart is developed for joint monitoring of 

location and scale parameters of a continuous process distribution.  The proposed chart is based on 

nonparametric two sample modified Lepage-type test proposed by Neuhäuser [22]. The test combines the 

Baumgartner statistic and Ansari-Bradely statistic for jointly detecting location and scale changes. The in-

control and out-of-control performance of the proposed control chart is evaluated through average run length 

for the normal and double exponential distributions. The rest of the paper is organized as follows. The 

nonparametric Baumgartner and Ansari-Bradely tests for location and scale respectively are modified 

Lepage-type test proposed by Neuhäuser [22] for joint location and scale is are discussed in Section 2. A 

single nonparametric control chart for simultaneously monitoring the location parameter and the scale 

parameter of a process based on modified Lepage-type test statistic is presented in Section 3. In-control and 

out-of-control performance of the proposed control chart is studied in detail in Section 4. Performance of the 

proposed control chart is compared with the existing nonparametric charts in Section 5. Some conclusions 

are given in Section 6. 
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2.  Nonparametric Tests for Location and Scale 

 
In this section, we briefly discuss the nonparametric tests for location parameter, scale parameter and jointly 

location scale parameters. 

 

2.1 Baumgartner two sample test for location 

 
Baumgartner test is a two-sample test can be applied for location and scale parameters. Let	(𝑋!	,𝑋$, . . . , 𝑋%) 

and (𝑌!	,𝑌$, . . . , 𝑌&) denote two random samples. The observations within each sample are independent and 

identically distributed, and we assume independence between two samples. Let 𝐹	and	𝐺	be continuous 

distribution functions corresponding two populations1 and2 respectively. In location shift, model considered 

first the distribution functions are same except perhaps for change in their location; that is𝐹(𝑥) = 𝐹(𝑥 − 𝜃). 
The null hypothesis is	𝐻': 𝜃 = 0, whereas alternative is		𝐻!: 𝜃 0. Baumgartner et al. [23] proposed a 

distribution-free two-sample rank test for general alternative. For combined samples, let 𝑅!	 < 𝑅$ <	. . . < 𝑅% 

and 𝐻!	 < 𝐻$ <	. . . < 𝐻&	denote the ranks of the 𝑋 − values		and		𝑌 − values in increasing order of 

magnitude, respectively. Baumgartner et al. [23] defined a nonparametric two-sample rank statistic B as 

follows:    𝐵 = (!)("
$

		                                                                                                                                                      (1)                                                                   

	where	𝐵* = 1𝑛A B𝑅+ − ,
%
𝑖D$

+
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The larger value of statistic 𝐵	gives evidence to reject the null hypothesis. Baumgartner et al. [23] also 

provided asymptotic distribution of test statistic	𝐵. 

 

2.2 Ansari-Bradely test for scale 

 
The Ansari-Bradely test is a two-sample rank test applied for scale parameter. The test statistic is defined as 

follows: In the combined samples, the observations less than or equal to the median are replaced by their 

ranks in the increasing order and those larger than the median are replaced by their ranks in descending 

order. The statistic is the sum of these ranks for the 𝑌	sample. The corresponding test statistic is defined as 

(Gibbons and Chakraborti [24]), 

 𝐴𝐵 = ∑ B𝑘 − ,)!
$
D𝑍0%

0.! 								                                                                                                                         (2) 

The mean and variance of statistic	𝐴𝐵 is given by, 

𝐸(𝐴𝐵) = N&	(,)!)3
	,			when	N	is	even

&	(,)!)#

3,
	,			when	N	is	odd      and    	𝑉(𝐴𝐵) = N &	%	(,#43)

35	(,4!)
	,									when	N	is	even

&	%	(,)!)	6,#)78
35	,#

	,			when	N	is	odd 

 

2.3 Modified Lepage-type test for location and scale 

 
After Lepage statistic was proposed, various Lepage-type statistics have been proposed and discussed by 

many authors in the literature. One of the most famous and powerful modified Lepage-type statistic proposed 

by Neuhäuser [22] is a combination of the Baumgartner and Ansari-Bradely statistic given as: 

𝐿9 = T(4:$(()
;<=>$(()

U$ + T?(4:$(?()
;<=>$(?()

U$                                                                                                                    (3) 

where		𝐵	is Baumgartner statistic for location shift and	𝐴𝐵	is Ansari-Bradely statistic for scale shift. In this 

paper, we use𝐿9 test statistic as a charting statistic for detecting simultaneous location and scale shifts in a 

continuous process distribution.  

3. Control chart based on modified Lepage-type statistic 

 
In this Section, we develop a nonparametric control chart based on modified Lepage-type test statistic 

proposed by Neuhäuser [22] for simultaneously monitoring the location and the scale parameters of a 

¹
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continuous process. The single plotting statistic for the joint monitoring of location and scale is given by  𝐿9 

in Eq. (3) and chart is called LM chart. To adopt the idea of two sample test for control chart implementation, 𝑚 independent observations	(𝑋!	,𝑋$, . . . , 𝑋&) from an in-control process are used as reference sample and 

compared to future sample subgroups of	𝑛 independent observations		(𝑌!	,𝑌$, . . . , 𝑌%) an arbitrary test sample. 

The proposed LM control chart for joint monitoring of location and scale is constructed as follows: 

Step1: Collect Phase-I reference sample	𝑋 = (𝑋!	,𝑋$, . . . , 𝑋&) of size𝑚  from an in-control process. 

Step2: Let	𝑌 = (𝑌!	,𝑌$, . . . , 𝑌%) be		𝑗@A Phase-II (test) sample of size		𝑛	, 𝑗 = 1, 2, 3, . .. 
Step 3: Calculate	𝐵/ and(𝐴𝐵)/ using (1) and (2) for		𝑗@A test sample. 

Step 4: Compute means and standard deviations of	𝐵  and𝐴𝐵 statistics respectively 

Step 5: Calculate the standardized 𝐵 and𝐴𝐵statistics as 

														𝑇!/ = Z𝐵 − 𝐸'(𝐵)[𝑉𝑎𝑟'(𝐵)^ 		and		𝑇$/ = Z𝐴𝐵 − 𝐸'(𝐴𝐵)[𝑉𝑎𝑟'(𝐴𝐵) ^ 			respectively. 
Step 6: Calculate the control chart statistic LM chart as𝑇/	 = 𝑇!/$ + 𝑇$/$ 	, 𝑗 = 1, 2, 3,			.		.		. 
Step 7: Plot		𝑇/  against an upper control limit(𝑈𝐶𝐿), 𝐻 > 0. 

Step 8: If	𝑇/ exceed	𝐻, the process is out-of-control at the		𝑗@A test sample. If not, the process is thought to be 

in-control and testing continues to the next sample. 

 

4. Performance evaluation and analysis of LM chart 

Implementation of the proposed LM chart requires the upper control limit		𝐻. Typically, in practice, it is 

determined for some specified in-control average run length		(𝐴𝑅𝐿'), say, 370 or 500. A Monte-Carlo 

simulation approach based on sufficiently large number of possible samples is used to determine		𝐻. For a 

given pair of (𝑚, 𝑛) values, a search is conducted with different values of	𝐻, and that value of 𝐻 is obtained 

for which 	𝐴𝑅𝐿'is equal to nominal (target) value. We choose 𝑚 = 30, 50, 100  for the reference sample size 

and 𝑛 = 5, 11, 25	as the test sample size and target values		𝐴𝑅𝐿' = 200, 370, 500. The results are presented 

in Table 1. 

 
Table 1: Charting constant 𝐻	for the LM chart for some standard (target) values of 𝐴𝑅𝐿!

 

Reference 

 sample size (𝑚) Test sample 

 size (𝑛)  Upper control limit (𝐻) 
𝐴𝑅𝐿! = 200 𝐴𝑅𝐿! = 370 𝐴𝑅𝐿! = 500 

30 

30 

30 

50 

50 

50 

100 

100 

100 

5 

11 

25 

5 

11 

25 

5 

11 

25 

29.540 

25.050 

16.985 

14.510 

15.389 

15.798 

20.020 

20.740 

18.540 

35.242 

33.128 

22.089 

19.510 

18.712 

19.123 

29.050 

27.490 

24.450 

37.960 

37.312 

24.820 

22.390 

20.752 

20.910 

32.800 

31.305 

28.023 

 

The performance of a control chart is generally studied through its runlength distribution. If the runlength 

distribution is skewed to the right, it is useful to come across at various measures such as average run length 

(ARL), the standard deviation of run length (SDRL) and several percentiles including the first and third 

quartiles to characterize the distribution. We study the performance of the proposed LM chart both under in-

control and out-of-control setup. For the in-control setup, we simulate both the reference and the test sample 

from standard normal distribution. We choose	𝑚 = 30, 50, 100 and	𝑛 = 5, 11, 25. For a given pair of (𝑚, 𝑛) 
values, we obtain upper control limits		𝐻 for nominal (target)		𝐴𝑅𝐿' = 500 and simulate different 

characteristics of the in-control run-length distribution. The results of simulation are shown in Table 2.  

It indicates that the target 𝐴𝑅𝐿' = 500 is much larger than the median (𝑄$) for all	(𝑚, 𝑛) combinations. 

Hence, in-control run-length distribution of the LM chart is highly skewed to the right.  
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In order to investigate the out-of-control performance of the proposed LM chart, we consider the 

underlying process distributions as normal and double exponential. The double exponential distribution is 

considered as process distribution to study the effect of heavy tailed distribution on the performance of the 

LM chart. The distribution of observations from the process is considered to have mean zero and variance 

one for both the process distributions under study.  

 

Table 2: In-control performance characteristics of the LM chart for𝐴𝑅𝐿! = 500. 

𝑚 𝑛 𝐻 𝐴𝑅𝐿' 𝑆𝐷𝑅𝐿' 𝑃B 𝑄! 𝑄$ 𝑄7 𝑃CB 

30 

30 

30 

50 

50 

50 

100 

100 

100 

5 

11 

25 

5 

11 

25 

5 

11 

25 

37.960 

37.312 

24.820 

22.390 

20.752 

20.910 

32.800 

31.305 

28.023 

501.0 

499.7 

500.4 

499.5 

501.4 

501.3 

500.6 

500.1 

502.9 

500.5 

499.2 

499.9 

499.0 

500.9 

500.8 

500.1 

499.6 

502.4 

26 

27 

26 

27 

26 

26 

26 

26 

26 

146 

145 

144 

143 

144 

143 

144 

145 

147 

350 

346 

347 

344 

351 

348 

348 

345 

349 

694 

692 

695 

691 

698 

692 

696 

694 

695 

1484 

1493 

1481 

1508 

1499 

1502 

1506 

1499 

1508 

 

4.1 Performance analysis of LM chart under normal distribution 

 
In order to investigate the out-of-control performance of the proposed LM chart, we consider the underlying 

process distribution as normal; samples are taken from 𝑁(𝜃, 𝜆) distribution, with in-control samples coming 

from		𝑁(0, 1)distribution. To examine the effects of shifts in process parameters, 30 combinations 

of	(𝜃, 𝜆)values are considered with	𝜃 = 0, 0.25, 0.5,1.0,1.5,2.0 and 𝜆 = 1.0,1.25,1.5,1.75,2.0. 
Tables 3 and 4 present the performance characteristics of the LM chart when underlying process 

distribution is normal with combinations of the reference and test sample sizes		𝑚 = 50, 100  and 𝑛 = 5. 

The results in Table 3 and Table 4 indicate that the out-of-control run-length distributions are also 

skewed to right. It is observed that, for a fixed	𝑚, 𝑛 and a given 𝐴𝑅𝐿', the out-of-control ARL values as well 

as the percentiles all decrease sharply with increasing shift in the  location and also with the increasing shift 

in the scale. It indicates that the proposed LM chart is effective in detecting shifts in location and/or in the 

scale. The proposed LM chart detect shift in the scale more quickly than that in the location. For example, 

from Table 3, we observe that for 25% increase in location when scale is in-control, the ARL decreases by 

68%, whereas for a 25% increase in a scale when the location is in-control, ARL decreases by 78%. Finally, 

when location and scale increases by 25% the ARL decreased by 88%. The pattern is same for SDRL; it 

decreases for an increase in the shift in both parameters, but decreases more for a shift in scale. For example, 

from Table 3, for 25% increase in location, the SDRL decreases by 68% but for 25% increase in scale, the 

SDRL decreases by 78%. 

 
Table 3: Performance characteristics of the LM chart for the normal distribution. 

	(𝐴𝑅𝐿!		 = 500,𝑚 = 50	𝑎𝑛𝑑	𝑛 = 5). 𝜃 λ ARL SDRL 𝑃B 𝑄! 𝑄$ 𝑄7 𝑃CB 

0.0 1.0 499.5 499.0 27 143 344 691 1508 

0.25 1.0 160.3 159.8 9 46 111 223 478 

0.5 1.0 42.4 41.9 3 13 30 59 126 

1.0 1.0 5.9 5.4 1 2 4 8 16 

1.5 1.0 1.9 1.3 1 1 1 2 5 

2.0 1.0 1.2 0.5 1 1 1 1 2 

0.0 1.25 108.1 107.6 6 31 76 150 322 

0.25 1.25 58.4 57.9 3 17 41 81 175 

0.5 1.25 24.1 23.6 2 7 17 33 72 

1.0 1.25 5.7 5.1 1 2 4 8 16 

1.5 1.25 2.2 1.7 1 1 2 3 6 

2.0 1.25 1.3 0.7 1 1 1 2 3 

0.0 1.5 43.0 42.5 3 13 30 60 127 
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0.25 1.5 30.6 30.1 2 9 21 42 90 

0.5 1.5 16.6 16.1 1 5 12 23 48 

1.0 1.5 5.5 4.9 1 2 4 7 15 

1.5 1.5 2.5 1.9 1 1 2 3 6 

2.0 1.5 1.5 0.9 1 1 1 2 3 

0.0 1.75 22.8 22.3 2 7 16 31 68 

0.25 1.75 18.8 18.2 1 6 13 26 55 

0.5 1.75 12.7 12.2 1 4 9 17 37 

1.0 1.75 5.3 4.8 1 2 4 7 15 

1.5 1.75 2.7 2.2 1 1 2 4 7 

2.0 1.75 1.7 1.1 1 1 1 2 4 

0.0 2.0 14.5 14.0 1 5 10 20 42 

0.25 2.0 13.1 12.6 1 4 9 18 39 

0.5 2.0 9.9 9.4 1 3 7 13 29 

1.0 2.0 5.1 4.6 1 2 4 7 14 

1.5 2.0 2.9 2.3 1 1 2 4 8 

2.0 2.0 1.9 1.3 1 1 1 2 4 

 

 

Table 4: Performance characteristics of the LM chart for normal distribution. 

(𝐴𝑅𝐿!		 = 500, 𝑚 = 100	𝑎𝑛𝑑	𝑛 = 5). 𝜃 λ ARL SDRL 𝑃B 𝑄! 𝑄$ 𝑄7 𝑃CB 

0.0 1.0 500.6 500.1 26 144 348 696 1506 

0.25 1.0 273.6 273.1 15 79 191 380 814 

0.5 1.0 66.4 65.9 4 20 46 91 199 

1.0 1.0 7.5 7.0 1 3 5 10 21 

1.5 1.0 2.1 1.5 1 1 2 3 5 

2.0 1.0 1.2 0.5 1 1 1 1 2 

0.0 1.25 119.9 119.4 7 35 83 166 355 

0.25 1.25 83.8 83.3 5 25 58 116 251 

0.5 1.25 33.3 32.8 2 10 23 46 98 

1.0 1.25 6.8 6.3 1 2 5 9 19 

1.5 1.25 2.4 1.9 1 1 2 3 6 

2.0 1.25 1.4 0.7 1 1 1 2 3 

0.0 1.5 48.6 48.1 3 14 34 67 145 

0.25 1.5 39.6 39.1 2 12 27 55 118 

0.5 1.5 21.5 21.0 2 7 15 30 63 

1.0 1.5 6.4 5.9 1 2 5 9 18 

1.5 1.5 2.7 2.2 1 1 2 4 7 

2.0 1.5 1.6 1.0 1 1 1 2 4 

0.0 1.75 26.3 25.8 2 8 18 36 78 

0.25 1.75 23.3 22.8 2 7 16 32 69 

0.5 1.75 15.5 15.0 1 5 11 21 45 

1.0 1.75 6.1 5.6 1 2 4 8 17 

1.5 1.75 2.9 2.4 1 1 2 4 8 

2.0 1.75 1.8 1.2 1 1 1 2 4 

0.0 2.0 16.5 16.0 1 5 12 23 49 

0.25 2.0 15.4 14.9 1 5 11 21 45 

0.5 2.0 11.8 11.3 1 4 8 16 35 

1.0 2.0 5.8 5.2 1 2 4 8 16 
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1.5 2.0 3.1 2.5 1 1 2 4 8 

2.0 2.0 2.0 1.4 1 1 1 2 5 

 

 

4.2 Performance analysis of LM chart under double exponential distribution 

 
To study the effect of heavy tailed distribution on the performance of the proposed LM chart, double 

exponential distribution is included in the study as heavy tailed process distribution. We conduct simulation 

study with data from double exponential distribution. The performance characteristics of the run-length are 

evaluated when the in-control sample is from double exponential with mean 0 and variance 1, and test 

samples are generated from the double exponential distribution with mean	𝜃 and standard deviation		𝜆.  

To examine the effects of shifts in location and scale, as in normal case, we studied 30 combinations of (𝜃, 𝜆)values. Table 5 and Table 6 presents the performance characteristics of the proposed LM chart when 

underlying process distribution is double exponential with combinations of reference and test samples of size 𝑚 = 50, 100and 𝑛 = 5.   
 

Table 5: Performance characteristics of LM chart for double exponential distribution. 

(𝐴𝑅𝐿!		 = 500,𝑚 = 50	𝑎𝑛𝑑	𝑛 = 5). 𝜃 λ ARL SDRL 𝑃B 𝑄! 𝑄$ 𝑄7 𝑃CB 

0.0 1.0 499.6 499.1 25 143 345 693 1505 

0.25 1.0 91.5 91.0 5 27 64 127 272 

0.5 1.0 18.2 17.7 1 6 13 25 53 

1.0 1.0 3.0 2.4 1 1 2 4 8 

1.5 1.0 1.5 0.8 1 1 1 2 3 

2.0 1.0 1.1 0.4 1 1 1 1 2 

0.0 1.25 222.2 221.7 12 64 155 307 663 

0.25 1.25 59.7 59.2 4 18 42 82 178 

0.50 1.25 17.0 16.5 1 5 12 23 50 

1.0 1.25 3.6 3.0 1 1 3 5 10 

1.5 1.25 1.7 1.1 1 1 1 2 4 

2.0 1.25 1.3 0.6 1 1 1 1 2 

0.0 1.5 128.6 128.1 7 38 90 177 381 

0.25 1.5 45.5 45.0 3 14 32 63 136 

0.5 1.5 16.1 15.6 1 5 11 22 47 

1.0 1.5 4.2 3.6 1 2 3 6 11 

1.5 1.5 2.0 1.5 1 1 2 3 5 

2.0 1.5 1.4 0.8 1 1 1 2 3 

0.0 1.75 87.1 86.6 5 26 61 121 261 

0.25 1.75 37.0 36.5 2 11 26 51 110 

0.50 1.75 15.8 15.3 1 5 11 22 46 

1.0 1.75 4.7 4.2 1 2 3 6 13 

1.5 1.75 2.3 1.8 1 1 2 3 6 

2.0 1.75 1.6 1.0 1 1 1 2 4 

0.0 2.0 65.0 64.5 4 19 45 90 193 

0.25 2.0 31.8 31.3 2 10 22 44 94 

0.50 2.0 15.4 14.9 1 5 11 21 45 

1.0 2.0 5.2 4.7 1 2 4 7 14 

1.5 2.0 2.6 2.1 1 1 2 3 7 

2.0 2.0 1.8 1.2 1 1 1 2 4 

 

 

 

Table 6: Performance characteristics of LM chart for double exponential distribution 

(𝐴𝑅𝐿!		 = 500, 𝑚 = 100	𝑎𝑛𝑑	𝑛 = 5). 
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 𝜃 λ ARL SDRL 𝑃B 𝑄! 𝑄$ 𝑄7 𝑃CB 

0.0 1.0 497.9 497.4 25 142 344 691 1502 

0.25 1.0 789.9 789.4 42 225 546 1098 2376 

0.5 1.0 194.6 194.1 10 56 134 269 583 

1.0 1.0 10.5 10.0 1 3 7 14 30 

1.5 1.0 2.2 1.6 1 1 2 3 5 

2.0 1.0 1.2 0.5 1 1 1 1 2 

0.0 1.25 179.6 179.1 10 52 125 249 536 

0.25 1.25 246.2 245.7 13 71 170 341 739 

0.5 1.25 91.5 91.0 5 27 64 126 272 

1.0 1.25 9.6 9.1 1 3 7 13 27 

1.5 1.25 2.5 2.0 1 1 2 3 6 

2.0 1.25 1.4 0.7 1 1 1 2 3 

0.0 1.5 91.1 90.6 5 26 64 127 272 

0.25 1.5 111.4 110.9 6 32 77 154 332 

0.5 1.5 55.5 55.0 3 16 38 77 164 

1.0 1.5 9.3 8.7 1 3 7 13 27 

1.5 1.5 2.8 2.3 1 1 2 4 7 

2.0 1.5 1.5 0.9 1 1 1 2 3 

0.0 1.75 54.4 53.9 3 16 38 75 162 

0.25 1.75 63.3 62.8 4 19 44 88 188 

0.5 1.75 37.8 37.3 2 11 26 52 112 

1.0 1.75 8.7 8.2 1 3 6 12 25 

1.5 1.75 3.1 2.5 1 1 2 4 8 

2.0 1.75 1.7 1.1 1 1 1 2 4 

0.0 2.0 36.7 36.2 2 11 26 51 109 

0.25 2.0 41.2 40.7 3 12 29 57 123 

0.5 2.0 27.9 27.4 2 8 20 39 83 

1.0 2.0 8.3 7.8 1 3 6 11 24 

1.5 2.0 3.3 2.7 1 1 2 4 9 

2.0 2.0 1.8 1.2 1 1 1 2 4 

 

From Tables 5 and 6, it is observed that when underlying process distribution is doubling exponential, 

the general pattern remains the same as in the case of normal distribution. However, the out-of-control ARL 

values for detecting a shift in the mean and/or variance under double exponential distribution are larger than 

that of the ARL values under normal process distribution.  For example, from Table 6, mean shift is 

50%		(𝜃 = 0.50) and dispersion shift is 50%		(𝜆 = 1.5), The ARL is 194.6 which is larger than 66.4 in the 

normal case of Table 4. It indicates that the proposed LM chart detects shifts in process location and scale 

slower under heavy tailed distribution. Moreover, the percentiles as well as SDRL all increase under double 

exponential distribution as compared with normal distribution.  
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5. Performance comparison with existing control charts 

 
In this section, the performance of the proposed LM chart is compared with that of the SL chart by 

Mukherjee and Chakraborti [19] and SC chart by Chowdhury et al. [21] when underlying process 

distributions are normal and double exponential. Table 7 presents the ARL performance of SC chart, SL 

chart and LM chart for normal distribution with reference sample size	𝑚 = 50, 100  and test sample of 

size	𝑛 = 5. 
 

Table7: Performance comparisons between SC, SL and LM charts for the normal distribution with	𝐴𝑅𝐿! = 500. 

𝜃 𝜆 
𝑚 = 50, 𝑛 = 5 𝑚 = 100, 𝑛 = 5 

SC chart SL chart LM chart SC chart SL chart LM chart 

0.0 1.0 497.3 499.6 499.5 509.4 513.0 500.6 

0.5 1.0 92.2 94.7 42.4 68.6 66.5 66.4 

1.0 1.0 8.5 9.3 5.9 7.7 7.7 7.5 

1.5 1.0 2.2 2.3 1.9 2.1 2.1 2.1 

2.0 1.0 1.2 1.3 1.2 1.2 1.2 1.2 

0.0 1.25 71.1 106.2 108.1 74.5 102.9 119.9 

0.5 1.25 27.6 35.4 24.1 26.2 30.9 33.3 

1.0 1.25 6.6 7.4 5.7 6.2 6.7 6.8 

1.5 1.25 2.4 2.6 2.2 2.4 2.5 2.4 

2.0 1.25 1.4 1.4 1.3 1.3 1.4 1.4 

0.0 1.5 22.8 36.82 43.0 24.3 37.5 48.6 

0.5 1.5 13.3 19.0 16.6 13.4 17.8 21.5 

1.0 1.5 5.2 6.5 5.5 5.3 6.1 6.4 

1.5 1.5 2.4 2.8 2.5 2.4 2.7 2.7 

2.0 1.5 1.5 1.6 1.5 1.5 1.6 1.6 

0.0 1.75 10.9 18.5 22.8 11.7 19.1 26.3 

0.50 1.75 8.1 12.1 12.7 8.4 12.1 15.5 

1.0 1.75 4.4 5.7 5.3 4.4 5.5 6.1 

1.5 1.75 2.5 2.9 2.7 2.4 2.8 2.9 

2.0 1.75 1.6 1.8 1.7 1.6 1.8 1.8 

0.0 2.0 6.6 11.3 14.5 7.1 11.5 16.5 

0.5 2.0 5.5 8.5 9.9 5.8 8.6 11.8 

1.0 2.0 3.7 4.9 5.1 3.8 4.8 5.8 

1.5 2.0 2.4 2.9 2.9 2.4 2.9 3.1 

2.0 2.0 1.7 1.9 1.9 1.7 1.9 2.0 

 

Examination of Table 7 that for normal distribution leads the following findings: 

• For location shifts only when the scale parameter is in-control, the proposed LM chart performs better 

than the SL and SC charts. 

• For scale shifts only when the location parameter is in-control, the proposed LM chart is not as much 

better as the SL and SC charts. 

• For reference sample of size	𝑚 = 50, for any given shift in location parameter𝜃 with a fixed shift in 

scale parameter as	𝜆 = 1.25, the proposed LM chart performs better than the SL and SC charts. As 

shift in scale parameter 𝜆increases to 1.5 with any given shift in location parameter	𝜃, the proposed 

LM chart is efficient than the SL chart only. For scale shift of size	𝜆 = 1.25  and location shift 𝜃 =1.5	and	2.0the proposed LM chart is efficient than the SL chart only. For scale shift	𝜆 = 2.0 and 

location shift 𝜃 = 1.5	and	2.0the proposed LM chart is equally efficient to the SL chart only.   
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• For reference sample of size	𝑚 = 100, for detecting shift in location parameter as 𝜃 = 1.5	and	2.0and 

shift in scale parameter	𝜆 = 1.5	𝑎𝑛𝑑	1.5 the proposed LM chart is equally efficient to the SL chart 

only.   
 

Table 8: Performance comparison between the SC, SL and LM charts for the double exponential distribution 

with		𝐴𝑅𝐿! = 500. 

𝜃 𝜆 
𝑚 = 50, 𝑛 = 5 𝑚 = 100, 𝑛 = 5 

SC chart SL chart LM chart SC chart SL chart LM chart 

0.0 1.0 492.7 493.2 499.6 509.6 508.3 497.9 

0.5 1.0 240.0 235.2 18.2 191.0 159.2 194.6 

1.0 1.0 41.4 36.1 3.0 26.5 19.9 10.5 

1.5 1.0 7.2 5.93 1.5 4.8 4.1 2.2 

2.0 1.0 2.1 2.0 1.1 1.8 1.7 1.2 

0.0 1.25 118.0 156.8 222.2 124.5 153.2 179.6 

0.5 1.25 69.7 79.8 17.0 61.7 66.19 91.5 

1.0 1.25 20.1 19.9 3.6 14.6 14.0 9.6 

1.5 1.25 5.1 5.2 1.7 4.4 4.2 2.5 

2.0 1.25 2.1 2.2 1.3 2.0 2.0 1.4 

0.0 1.5 43.3 65.9 128.6 47.8 66.8 91.1 

0.5 1.5 29.3 42.1 16.1 29.6 36.8 55.5 

1.0 1.5 12.0 14.2 4.2 10.7 11.1 9.3 

1.5 1.5 4.5 4.7 2.0 4.0 4.1 2.8 

2.0 1.5 2.2 2.3 1.4 2.1 2.2 1.5 

0.0 1.75 22.8 35.6 87.1 24.4 36.4 54.4 

0.5 1.75 16.7 24.5 15.8 16.9 23.2 37.8 

1.0 1.75 8.5 10.4 4.7 7.9 9.2 8.7 

1.5 1.75 4.0 4.5 2.3 3.7 4.0 3.1 

2.0 1.75 2.2 2.4 1.6 2.1 2.3 1.7 

0.0 2.0 13.8 22.1 65.0 14.5 22.9 36.7 

0.5 2.0 11.1 17.0 15.4 11.3 16.6 27.9 

1.0 2.0 6.5 8.6 5.2 6.3 7.9 8.3 

1.5 2.0 3.5 4.3 2.6 3.5 3.9 3.3 

2.0 2.0 2.2 2.5 1.8 2.1 2.3 1.8 

Examination of Table 8 that for double exponential distribution leads the following findings: 

• For reference sample of size	𝑚 = 50, for location shifts only when the scale parameter is in-control, 

the proposed LM chart performs better than the SL and SC charts. For scale shifts only when the 

location parameter is in-control, the proposed LM chart is not as better as the SL and SC charts. For 

any given shift in location parameter	𝜃 with any shift in scale parameter	𝜆, the proposed LM chart 

performs better than the SL and SC charts.  

• For reference sample of size	𝑚 = 100, for detecting shift in location parameter as	𝜃 = 1.0	and	2.0  

and shift in scale parameter	𝜆 = 1.25, 1.5	and	1.75, the proposed LM chart is efficient than the to the 

SL and SC charts. For detecting shift in location parameter as 𝜃 = 1.0	and	2.0 and shift in scale 

parameter	𝜆 = 2.0, the proposed LM chart is efficient than the to the SL and SC charts.   

 

6. Conclusions 

 
In this paper, a single nonparametric control chart based on modified Lepage-type test statistic is developed 

for joint monitoring of location and scale parameters of a continuous process distribution. Both in-control 

and out-of-control performance of the chart are studied under normal and heavy tailed double exponential 

distributions. The various performance characteristics such as mean, median and some percentiles of the run-

length distribution are examined. It is observed that the proposed LM chart maintain its designed in-control 

ARL under the considered process distributions. The chart is found to be more efficient under normal 

distribution as compared to double exponential distribution. The performance of the proposed chart is 

compared with SL chart by Mukherjee and Chakraborti [19] and SC chart by Chowdhury [21]. It is observed 
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that the proposed LM chart for joint monitoring of location and scale performs better than the SL and SC 

charts in some situations. 
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ABSTRACT 

 Sanskrit is the Linckage of tradition and modern period. Since ancient time of the India Sanskrit is 

scientific knowledge system .In this language this is the  medium of Vedas , Literatures ,Sciences like 

Hydrology, Environment, Chemistry etc. .This is being the environmental language  of our country. Vedic 

view on environment is well-defined in one verse of the Atharva Veda where three coverings of our 

surroundings are referred as Chhandansi, means coverings available everywhere.  It teaches us to wisely 

utilize the three elements which are varied, visible and full of qualities, viz., water (Apah), Air (Vayuh) and 

plants and herbs (Vanaspatayah). They exist in the World (Prithivi) from the very beginning.  It undoubtedly 

proves the knowledge of Vedic Seers about the basics of Environment. The concept of Sustainable 

Development is developed since Vedic Literature.This is humble attemt to present it. 

Key Words: Sanskrit Literature, Śaśwata Vikaasa(Sustainable Development). 

 

INTRODUCTION 

 Sustainable development is an organizing  principle of our nature. शाश्वतं ववभ ुः तथा ववश्वस्य चिरा 
उन्नततुः शाश्वत प्रगततुः|In Nature, there is an inbuilt system of balancing these constituents or elements and 

living creatures. A disturbance in percentage of any constituent of the environment beyond certain limits 

disturbs the natural balance and any change in the natural balance causes lots of problems to the living 

creatures in the universe. All constituents of the Environment are connected with a subtle web with one 

another. The relation of human being with environment is very natural as he cannot live without it. From the 

very beginning of creation he wants to know about it for self protection and self survival. Our Vedic 

Philosophy which is otherwise known as Sanatan  (Eternal) Darshan (Philosophy) considers  Vedic Aryans 

are children of nature. They studied nature closely in sylvan surroundings – very minutely.  The verse Ritam 

Badisyami, Satyam Badisyami which means I will tell about the laws of nature and I will speak the truth; is 

the Pramana (Proof) of their study.  Ritam is defined variously by scholars in different Vedic Contexts, but 

in general sense it has been elaborated as great ‘cosmic order’ which is the cause of all motion and 

existence, and keeps world in order.  No one can ignore it, even Devatas are abided by the Ritam – the 

cosmic law and they are born of Ritam. It is controlling and sustaining power acts behind all natural 

phenomenons. It sustains sun in the sky. It as Universal Law governs everything. The whole of the universe 

is working under Ritam. 

 

 The Role Of Sanskrit Language In Sustainable Development 

 Sand-storm and cyclone, intense lightening, terrific thunderclaps, the heavy rush of rain in monsoon, 

the swift flood in the stream that comes down from the hills, the scorching heat of the sun, the cracking red 

flames of the fire, all witness to power beyond man’s power.  The Vedic sages felt the greatness of these 

forces. Therefore, they worshiped and prayed them due to regard and gratitude. They realized instinctively 

that action, movement, creation, change and destruction in nature are the results of forces beyond men’s 
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control and thus they attributed towards divinity of nature.  The laws behind all natural phenomena are 

constant and fresh phenomena are continually reproduced, but the principle of order remains the same; 

therefore, the principle existed already when the earliest phenomena appeared. 

 The main part of Rig Veda belongs to Natural hymns, the hymns related with natural forces. The 

hymns addressed to deities (Devatas) are under the influence of the most impressive phenomenon of nature 

and its aspects. The word Devatas means divine entities which is helpful to all without their any selfish gain. 

In these hymns, we find prayers for certain natural elements such as air, water, earth, sun, rain, dawn 

etc. The glorious brightness of the sun, the blaze of the sacrificial fire, the sweep of the rain-storm across the 

skies, the recurrence of the dawn, the steady currents of the winds, the violence of the tropical storm and 

other such natural energies, fundamental activities or aspects are glorified and personified as divinities 

(Devata). The interaction with nature resulted in appreciation and prayer …but, indeed, after a good deal of 

observation. Attributes assigned to deities fit in their natural forms and activities, as Soma is green, fire is 

bright, air is fast moving and sun is dispenser of darkness. The characteristics of these forces described in 

the verses prove that Vedic Seers were masters of natural science. 
 

RISHIS  

 The Vedic Seers have a great vision about universe. The universe consists of three interlinked webs, 

viz., Prithivi, Antariksha and Dyava. Prithivi, the Earth, Antariksha, the aerial or intermediate region which 

is between heaven and earth, and Dyava, the heaven or sky is very well established in the Vedic 

texts.  Prithivi can be a scientific name – ‘observer space’.  It is our space, the space in which we live and 

die whatever we can see and observe. All living creatures come under the universal principle of: Asti, 

Jayate, Bardhate, Biparinamate, Apakshiyate, Nasyati.  It means, it is there (Asti), then it takes birth (jayate), 

then it grows (bardhate), then it starts to turn reversely (biparinamate), then it starts to decay 

(apakshiyate) and at last it decomposes (nasyati). From one end of the universe to the other end is the 

expanse of Prithivi, and that what the name Prithivi means: the broad and extended one.  Dyava can be 

termed as ‘light space’ because light propagates in this space.  Antariksha can be termed as ‘Intermdediate 
space’ as this space exists in between observer space and light space. The concept of the form of the earth 

in Rig Veda is very fascinating.  There is one small hymn addressed to Prithivi, while there are six hymns 

addressed to Dyava-Prithivi.  Prithivi is considered the mother and Dyava is considered as Father and they 

form a pair together.  One of the most beautiful verse of the Rig Veda says, ‘Heaven is my father, brother 
atmosphere is my navel, and the great earth is my mother.  Heaven and earth are parents: Matarah, Pitarah, 

Janitarah in union while separately called as father and mother.  They sustain all creatures.  They are great 

and widespread.  In Atharva Veda, the earth is described in one hymns called as Bhumi Sukta or Prithivi 

Sukta which indicates the environmental consciousness of Vedic Rishis. The Rishis appear to have advanced 

understanding of the earth through this hymn.  

 माता भूममिः ऩुत्रोs हं ऩथृथव्या: (This Earth is my mother and I’m a sun of this.) 
 In this Prithvi Suktam Rishi prays to Prithvi (Earth) for good wealth of world. Here   our earth is 

sustains many plants, animals and many more energies. This is the अक्षय्य source of sustainable 

development. That is why the Sanskrit Scholar said that”   
 ” अयं ननजिः ऩरो वेनत गणना ऱघु चतेसाम ्| 
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 उदारचरीतानां तु  वसुधवै कुटुम्बकम|्| 
 ( This is mine that is another this type of thinking conservative people but for broad minded people 

this Earth is the family) 

 अऩांचवै समुदे्रकात्समुद्र इनत संज्ञित:| ( The storage of water means by Samudra( Ocean)) The ocean 

sustains energy of weaves . This source gives Pearls   , rare Plants, and Gems. This is our massive 

Treasure. In the Vedic Sanskrit literature Rishis prays to ocean that” श ंनो वरुणिः” (May Varuna 

(God of Oceans) is Propitious with us.)   

 दृश ेववश्वाय सूययम|्(1.50.1-Soorya Suktam, Rigved) ( The is for whole world) The solar energy is 

the most important source of  sustainable development. This is called चिरंतर उर्ाा (Sustainable 

Energy). Solar Energy is mentioned in many Sanskrit Literatures. 

 अन्नं वै प्राणािः|( food is the breath of world).  Food is the basic need of lives. It gives life for lives.  

 वऩतवृत ् ऩाऱयेद् वैश्वो यकु्तिः सवायन ् ’(60/22,23 Shantiparva, Mahabharata) As a father we have to 

protect world. In this context the world is like a child and it is our responsibility to protect them. 

 धमूज्योनतसऱीऱमरुतांसन्न्नऩातो क्व मेघिः| (Shloka 1 ,Meghadutam) In this line Mahakavi Kalidasa 

says that the cloud is made by the mixer of dust ,light ,water and air. Here we can explore the science 

of Environment.  

 

CONCLUSION   

                  Sustainable Development is the proccess of nature and also world.Ancient treasures of vast 

knowledge reveal a full cognizance of the undesirable effects of environmental degradation, whether caused 

by natural factors or human activities. The protection of the environment was understood to be closely 

related to the protection of the dyaus or heavens and prithvi or earth. Between these two lies the atmosphere 

and the environment that we refer to as the paryavaran. Many of the Rig Vedic hymns therefore vividly 

describe the Dyava Prithvi that is, they describe Heaven and Earth together. 
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