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The interaction of four biologically active 4-aryloxymethyl coumarin dyes 4-p-tolyloxymethyl-benzo[h]coumarin

(4PTMBC), 1-(4-iodophenoxymethyl)-benzo[f]coumarin (1IPMBC), 4-(4-iodo-phenoxymethyl)-

benzo[h]coumarin (4IPMBC) and 4-(4-iodo-phenoxymethyl)-6-methoxy coumarin (4IPMMC) with colloidal

TiO2 nanoparticles has been investigated using absorption, steady state and time resolved fluorescence. The

size of TiO2 nanoparticles has been found to be 50 nm from SEMmeasurements. The absorption spectral changes

of dyes in the presence of TiO2 nanoparticles suggest their possible interaction. The apparent association con-

stants of the interaction are estimated using Benesi-Hildebrand model. Fluorescence quenching has been ob-

served for all the dyes with the addition of colloidal TiO2 nanoparticles and Stern-Volmer plots of fluorescence

quenching are found to be linear. The magnitudes of quenching rate parameter and fluorescence lifetime mea-

surements indicate the presence of static quenchingmechanism. The binding constants and the number of bind-

ing sites have been estimated from fluorescence data. The role of electron transfer process in fluorescence

quenching mechanism has been discussed.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Colloidal semiconductor nanoparticles have drawn considerable at-

tention of researchers because of their excellent size dependent elec-

tronic and optical properties [1,2]. Among several semiconductor

nanoparticles, titanium dioxide (TiO2) nanoparticles are much investi-

gated ones owing to their application in pharmaceuticals [3–5], carriers

of photosensitizers like porphyrins [6] and treatment of cancer [7], ca-

talysis, electrochromism and sensors [8]. Dye sensitized TiO2 has been

used effectively in photo electrochemical devices for producing electric-

ity from visible light [9] and also in photo degradation contaminants in

the visible region [10]. TiO2 nanoparticles also find applications inmed-

ical field because of their photoreactivity [11]. It has been reported that

TiO2 nanoparticles interactwith lactate dehydrogenase (LDH), superox-

ide dismutase (SOD) in vitro and caused DNA damage in vivo [12–16].

Further, interaction of TiO2 nanoparticles with biomacromolecules

namely lysozyme and albumins has been reported [17]. Such studies

throwmore light on interaction mechanisms between nanoscale mate-

rials and biomacromoleculeswhich in turn helps in development of bio-

technological applications.

Coumarin molecules investigated in the present study are reported

to be exhibiting excellent properties such as antimicrobial activity,

long range coupling and centrosymmetric nature [18,19]. Lately, it has

been reported that 4-aryloxymethyl coumarin 4-p-tolyloxymethyl-

benzo[h]coumarin (4PTMBC) exhibited good antibacterial and anti-

fungal activities [20], whereas iodinated 4-aryloxymethyl couma-

rins 1-(4-iodo phenoxymethyl)-benzo[f]coumarin (1IPMBC), 4-(4-

iodo-phenoxymethyl)-benzo[h]coumarin (4IPMBC) and 4-(4-iodo-

phenoxymethyl)-6-methoxy coumarin (4IPMMC) exhibited better an-

ticancer and anti-mycobacterial activities [21]. The biological impor-

tance of compounds substituted with iodine has been well reported in

literature such as binding ability and cannabinoid receptor antagonists

[22]. Recently, we have reported the effect of pure solvents, solvent

mixture and silver nanoparticles on absorption and fluorescence

characteristics of these dyes [23–26]. It has been observed that they

are sensitive to solvents, solvent mixture and their fluorescence is

quenched by silver nanoparticles. The sensitivity of these molecules to

solvents could be used in sensor applications. The biological activities ex-

hibited by these coumarin molecules could be used in pharmaceutical

field. Therefore owing to their excellent biological activities, studies on

the interaction between TiO2 nanoparticles and these coumarin dyes

would help to explain the interactions between biomacromolecules

andnanoparticles. Also, coumarin derivatives in general and investigated

4-aryloxymethyl coumarins in particular because of their excellent
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Abstract We report the effect of solvents on absorption and

fluorescence spectra of biologically active 3(2H)-pyridazinone

namely 5-(2-hydroxy-naphthalen-1-yl)-2-phenyl-2H-

pyridazin-3-one (HNP) in different solvents at room tempera-

ture. The ground and the excited state dipole moments of HNP

molecule was estimated from Lippert’s, Bakshiev’s and

Kawski-Chamma-Viallet’s equations using the solvatochromic

shift method. The ground state dipole moment (μg) was also

estimated byGuggenheim and Higasi method using the dielec-

tric constant and refractive index of solute at different concen-

trations, the μg value obtained from these two methods are

comparable to the μg value obtained by the solvatochromic

shift method. The excited state dipole moment (μe) is greater

than the ground state dipole moment (μg), which indicates that

the excited state is more polar than the ground state. Further,

we have evaluated the change in dipole moment (Δμ) from the

solvatochromic shift method and on the basis of molecular-

microscopic solvent polarity parameter EN
T

� �

, later on the

values were compared.

Keywords 3(2H)-pyridazinone . Solvatochromic shift

method .Molecular-microscopic solvent polarity parameter .

Guggenheimmethod . Higasi method

Introduction

The 3(2H)-pyridazinones are the pyridazine derivatives con-

tain two adjacent nitrogen atoms at the 1 and 2 positions in a

six-membered ring and a carbonyl group at the 3 position and

they have different functionalities in their structure [1, 2]. A

substantial number of pyridazinones in the recent past have

been reported to possess antimicrobial, antitubercular, analge-

sic, anti-inflammatory, cyclooxygenase inhibitor, antidiabetic,

antihypertensive, antiplatelet, anticancer, antifungal, antide-

pressant–anxiolytic, anticonvulsant, bronchodilatory (for

asthma) and anti-allergic, antifeedant, inhibition of linolenic

acid, activity for neurological disorders and many other prop-

erties. Some of the major pyridazinone derivatives which have

appeared in a market are indolidan, bemoradan, pimobendan,

levosimendan as antihypertensive, minaprine as antidepres-

sant, emorfazone as anti-inflammatory and azanrinone as a

cardiotonic [3].

Recently, spectroscopic and quantum chemical investiga-

tions on 3(2H)-pyridazinone derivatives such as levosimendan

and bromopyrazone compounds have been reported in the

literature [4, 5]. Furthermore, the detailed structural, con-

formational, spectroscopic, electronic and nonlinear optical

properties of the 3(2H)-pyridazinone derivatives namely

flufenpyr (used in agriculture as a herbicide) and amipizone

(designed to be antithrombotics and an inhibitor for platelet

aggregations and the cardiovascular system) compounds have

been studied using B3LYP, B3PW91 and HSEH1PBE levels

of theory with the 6-311G (d, p) basis set [6]. Soliman et.al

reported the molecular structure, spectroscopic properties,

NLO, HOMO–LUMO and NBO analyses of 6-hydroxy-

3(2H)-pyridazinone [7].

The effect of solvents on the absorption and fluorescence

properties of organic molecules has been a subject of several

investigations [8–13]. These investigations have considerable
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Abstract. The fluorescence quenching of coumarin dye namely 4-(2, 6-dibromo-4-methyl-
phenoxymethyl)-benzo[h]chromen-2-one [DMB] has been studied by aniline, in a different solvent 
mixture of benzene (BN) and acetonitrile (AN) at room temperature. The quenching is found to be 
appreciable and shows positive deviation from linearity in the Stern-Volmer (S-V) plots for all the 
solvent mixtures. The various rate parameters responsible for fluorescence quenching have been 
determined using a sphere of action static quenching model and finite sink approximation model. 
The magnitudes of these rate parameters indicate that positive deviation in the S-V plot is due to 
both static and dynamic quenching processes.  

1. Introduction 
Derivatives of coumarin are well-known for their photochemical and photophysical 

properties, as well as for their interesting second-order nonlinearities [1]. They are extensively 
studied due to their widespread industrial use as dye lasers [2]. Now a day, there has been drive to 
synthesize coumarin-based organic dyes for use in high-efficiency dye-sensitized solar cells (DSCs) 
[3-4]. Coumarin and its derivatives have attracted significant interest in pharmaceutical research 
areas such as anti-inflammatory, hepatoprotective, antiviral, anticarcinogenic and anticoagulant 
activities [5-6].  
            The fluorescence quenching of organic molecules in solution by various quenchers like 
aniline, carbon tetrachloride, halides ions, ethyltriocarbonate, CdSe nanoparticles, oxygen etc has 
been studied by several investigators [7-12]. In all most all cases the experimental results follow the 
linear Stern-Volmer equation given by 

][10 QK
I
I

SV+=                                                                                                                                (1) 

          KSV=kqτ0 called S-V constant. Where I0, I, kq, τ0 and [Q] are the fluorescence intensities in 
the absence and presence of the quencher, bimolecular quenching rate parameter, lifetime of the 
excited solute molecule in the absence of quencher and quencher concentration respectively. But in 
few cases, it has been observed that the experimental results show positive deviation from a linear 
S-V relation [13-15]. This positive deviation was attribute to various processes like singlet to triplet 
excitation, static and dynamic quenching, the formation of charge transfer complexes both at the 
ground and excited states. Apart from this, the polarity of the solvent medium and the range of 
quencher concentration are also except to play a part in this mechanism. 
          In the present work, we have studied the steady state fluorescence quenching of the newly 
synthesised coumarin derivative DMB using aniline as a quencher in a different mixture of benzene 
and acetonitrile at room temperature. The various rate constants responsible for fluorescence 
quenching mechanisms have been estimated using a sphere of action static quenching model and a 
finite sink approximation model. 
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We present in this paper accurate and reliable Raman and IR spectral identification of mineral constituents in
nine samples of renal calculi (kidney stones) removed from patients suffering from nephrolithiasis. The identified
mineral components include Calcium Oxalate Monohydrate (COM, whewellite), Calcium Oxalate Dihydrate
(COD, weddellite), Magnesium Ammonium Phosphate Hexahydrate (MAPH, struvite), Calcium Hydrogen Phos-
phate Dihydrate (CHPD, brushite), Pentacalcium Hydroxy Triphosphate (PCHT, hydroxyapatite) and Uric Acid
(UA). The identification is based on a satisfactory assignment of all the observed IR and Raman bands (3500–
400 cm−1) to chemical functional groups of mineral components in the samples, aided by spectral analysis of
pure materials of COM, MAPH, CHPD and UA. It is found that the eight samples are composed of COM as the com-
mon component, the other mineral species as common components are: MAPH in five samples, PCHT in three
samples, COD in three samples, UA in three samples and CHPD in two samples. One sample is wholly composed
of UA as a single component; this inference is supported by the good agreement between ab initio density func-
tional theoretical spectra and experimental spectral measurements of both sample and pure material. A com-
bined application of Raman and IR techniques has shown that, where the IR is ambiguous, the Raman analysis
can differentiate COD from COM and PCHT from MAPH.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Stone disease (Nephrolithiasis) in men and women is common
health problem and the incidence is growing worldwide [1]. This dis-
ease most commonly affects 20–40 years age group resulting in sig-
nificant morbidity and loss of work. There has been significant
progress in the treatment of calculi over the last two to three decades
and the estimated cost of treatment, for instance, is two billion dol-
lars per year in the US [2,3]. With probably 5–7 million patients suf-
fering in India too, the incidence is more prevalent over the upper
western geographical region referred to as ‘stone belt’ though it is
not uncommon in other regions [4]. Recurrence of stone is the big-
gest challenge in the management of patients suffering from
Nephrolithiasis. It is estimated that 50% of the patients will experi-
ence recurrent stone disease within 10 years [5]. Knowing the type
of stone helps in preventing the recurrence by modifying the diet
and other risk factors. Hence it is an important determinant in man-
agement of stone disease. Various techniques of stone analysis are
available ranging from the traditional wet chemical analysis to

sophisticated techniques like FTIR, X-Ray diffraction, SEM, thermal
analysis [6,7]. We discuss in the present paper Raman and FTIR spec-
troscopic analysis of nine kidney stones, identifying six different mo-
lecular mineral species distributed over the samples.

While the chemical wet method, TA and SEM provide information
on chemical composition, all theother methods give mineralogical com-
position, and SEM and PM provide surface morphology as well. It must
be pointed out that XRD and IR spectroscopy give complete information
of mineralogical content compared to other methods. With its advan-
tage of no sample preparation, the Ramantechnique is strongly comple-
mentary to IR and in some cases it can even be a substitute [8–11].
Fundamentally, both IR and Raman give the same information on the
characteristic vibrational frequencies and structural aspects of chemical
functional groups. IR radiation is absorbed by the vibrating chemical
functional groups that make up a sample, producing characteristic ab-
sorption bands which facilitate identification of the functional groups.
While Raman technique is based on the scattering of light radiation by
the chemical functional groups and produces characteristic Raman
bands which facilitate identification of the functional groups as in IR, it
is more structure sensitive with the ability to differentiate spectral as-
pects [12].

In the present work, a batch of nine renal calculi (kidney stone sam-
ples) surgically removed from patients suffering from Nephrolithiasis
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Abstract Herein, we report photophysical properties of a

novel and biologically active 3(2H)-pyridazinone derivative

5-(4-chloro-2-hydoxy-phenyl)-2-phenyl-2H-pyridazin-3-one

[CHP] molecule using solvatochromic approaches.

Absorption and fluorescence spectra of CHP molecule have

been measured at room temperature in various solvents of

different polarities. From this, it is observed that the positions,

intensities and shapes of the absorption and emission bands

are usually modified. Experimentally, the ground and excited

state dipole moments are estimated using solvatochromic shift

method which involves Lippert’s, Bakshiev’s and Kawski-

Chamma-Viallet’s equations. Theoretically, the ground state

dipole moment was estimated using the Gaussian-09 program.

The value of ground state dipole moment estimated using

experimental and theoretical methods are well correlated.

This inference that the molecular geometry is taken for CHP

molecule under theoretical and experimental methods are sim-

ilar. Further, we observed that the excited state dipole moment

(μe) is greater than the ground state dipole moment (μg) which

indicates that the excited state is more polar than the ground

state. Furthermore, we have estimated an angle between the

ground and excited state dipolemoments. In addition, we have

estimated the fluorescence quantum yield of CHP molecule

using Rhodamine B as a standard reference in different

solvents.

Keywords 3(2H)-pyridazinone . Dipole moment .

Fluorescence quantum yield . Gaussian-09 program .

Solvatochromic approach . Stoke's shift

Introduction

The 3(2H)-pyridazinones are the pyridazine derivatives con-

tain two adjacent nitrogen atoms at the one and second posi-

tions in a six-membered ring and a carbonyl group at the third

position and they have different functionalities in their struc-

ture [1, 2]. These derivatives generally exhibit broad spectrum

showing biological activities such as anticancer, antimicrobi-

al, analgesic, anti-inflammatory, antituberculosis, antipyretic,

antiplatelet, adrenoreceptor antagonist, antidiabetic, COX in-

hibitors and acetylcholinesterase activities [3]. They are also

known as weedicidal and muticidal agents [4].

Excitation of a molecule by photon causes a redistribution

of charges leading to conformational changes in the excited

state. This can result in increase or decrease of the dipole

moment of the excited state as compared to the ground state.

The dipole moment of an electronically excited state of a

molecule is an important property that provides information

on the electronic and geometrical structures of the molecule in

the short-lived state. Knowledge of the excited state dipole

moment of electronically excited molecules is quite useful in

designing nonlinear optical materials [5]. A number of tech-

niques e.g. electronic polarization of fluorescence, electric-

dichroism and microwave conductivity [6–8] were available

for estimation of excited-state dipole moment, but their use is

limited because they are considered equipment sensitive and

studies have been related to very simple molecules. As the

solvatochromic method does not use any external field, it is

experimentally much simpler and widely accepted. The

solvatochromic method is based on the shift of absorption
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Introduction

Coumarin derivatives and analogues are well-known for 

their photochemical and photophysical properties as well 

as for their interesting second-order nonlinearities [1–6]. In 

addition, the coumarin unit is known to undergo a revers-

ible photo-induced cyclodimerization by irradiation at 

λ > 300 nm that leads to stable cyclobutane based dimers, 

whereas the reverse photocleavage reaction occurs at shorter 

wavelengths (λ < 280 nm) [7–9]. Coumarin-derived Cu (II)-

selective fluorescent sensor and studied the fluorescence 

quenching mechanism by femtosecond time-resolved fluo-

rescence (TRF) spectroscopy and quantum calculations [10]. 

Coumarin derivatives studied to their widespread industrial 

use as dye lasers [11]. In recent years, there has also been 

a drive to synthesize coumarin-based organic dyes for use 

in high-efficiency dye-sensitized solar cells (DSCs) [12, 

13]. Coumarin and its derivatives have attracted significant 

interest in a wide range of pharmaceutical research areas 

such as anti-inflammatory, hepatoprotective, antiviral, anti-

carcinogenic and anticoagulant activities [14–17] and they 

have various applications in food constituents, stabilizers 

and clinical use [18].

Knowledge of the excited state charge distribution and the 

dipole moments of the molecules are important in design-

ing the nonlinear optical materials [19, 20] and understand-

ing the photochemical processes. Methods available for 

the determination of dipole moments can be classified as 

either external or internal. External methods includes elec-

tric dichroism [21], Stark splitting of rotational levels [22] 

Abstract Herein, we have studied the photophysical prop-

erties for three newly synthesized coumarin derivatives; 

4-((2,6-dibromo-4-methylphenoxy)methyl)-2H-benzo[h]

chromen-2-one (DMB), 4-((3,4-dihydro-6,7-dimethoxyiso-

quinolin-1-yl)methyl)-6-methyl-2H-chromen-2-one (DIM) 

and 4-((p-tolyloxy)methyl)-6-methoxy-2H-chromen-2-one 

(TMC). The absorption and emission spectra for above said 

molecules were recorded in different solvents at room tem-

perature in order to calculate their ground and excited state 

dipole moments. The ground (μ
g
) and excited state dipole 

(μ
e
) moments of these coumarin derivatives were calcu-

lated using Lippert’s, Bakshiev’s and Kawski-Chamma-

Viallet’s equations by the solvatochromic shift method, 

which involves a variation of Stokes shift with the solvent 

dielectric constant and refractive index. Ground state dipole 

moments (μ
g
) were also calculated from the Guggenheim 

method using the dielectric constant and refractive index 

of the solute molecule. The value of ground state dipole 

moment obtained from these two methods is well correlated. 

Further, it is notified that the excited state dipole moment is 

larger than the ground state dipole moment for all three sol-

ute molecules. It inferred that the excited state for above said 

molecules is more polar than the ground state. The present 

investigations may shine in the design of nonlinear optical 

materials.
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Abstract Herein, we have studied the analysis of fluores-

cence quenching for newly synthesized biologically active

3(2H)-pyridazinone derivative 5-(5-bromo-2-hydroxy-phe-

nyl)-2-phenyl-2H-pyridazin-3-one [BHP] by various concen-

trations of aniline using UV-Visible spectroscopy, fluores-

cence spectroscopy and time-correlated single photon

counting technique in five different solvents namely, metha-

nol, ethanol, propan-2-ol, dimethylsulfoxide and ethyl acetate

at room temperature. The fluorescence intensity of BHP mol-

ecule decrease with increasing in the aniline concentration and

it is studied using the Stern-Volmer relation. The obtained

Stern-Volmer plots were found to be linear in all the five

solvents. The various parameters responsible for the fluores-

cence quenching such as quenching rate parameters (kq), dif-

fusion rate parameter (kd) and the probability of quenching per

encounter (p) were experimentally calculated in all five sol-

vents. An activation energy of quenching (Ea) was calculated

using the values of activation energy of diffusion (Ed) and p. It

was found that the values of Ea are greater than Ed in all five

solvents studied. Further, it is inferred that the fluorescence

quenching reactions in BHP molecule are more significantly

affected by activation energy processes.

Keywords 3(2H)-pyridazinone . Activation energy .

Fluorescence quenching .Material diffusion . Stern-Volmer

relation

Introduction

The 3(2H)-pyridazinones are the pyridazine derivatives which

contain two adjacent nitrogen atoms at the one and two posi-

tions in a six-membered ring and a carbonyl group at the three

position and they have different functionalities in their struc-

ture [1, 2]. A substantial number of pyridazinones deriva-

tives are reported to possess antimicrobial, antitubercu-

lar, analgesic, anti-inflammatory, cyclooxygenase inhibi-

tor, antidiabetic, antihypertensive, antiplatelet, antican-

cer, antifungal, antidepressant–anxiolytic, anticonvulsant,

bronchodilatory (asthma), anti-allergic, antifeedant, inhibi-

tion of linolenic acid, activity for neurological disorders and

many other properties [3]. Some of the major pyridazinone

derivatives which have appeared in the market are indolidan,

bemoradan, pimobendan, levosimendan as antihypertensive,

minaprine as an antidepressant, emorfazone as anti-

inflammatory and azanrinone as a cardiotonic [3].

Recently, spectroscopic and quantum chemical investiga-

tions on 3(2H)-pyridazinone derivatives such as levosimendan

(IUPAC name: 2-[[4-[(4R)-4-methyl-6-oxo-4,5-dihydro-1H-

pyridazin-3-yl]phenyl]hydrazinylidene]propanedinitrile) and

bromopyrazone (IUPAC name: 1-phenyl-4-amino-5-

bromopyridazon-(6)) compounds have been reported in

the literature [4, 5]. In addition, the detailed structural,

conformational, spectroscopic, electronic and nonlinear

optical properties of the 3(2H)-pyridazinone deriva-

tives namely flufenpyr (IUPAC name: {2-chloro- 4-

fluoro-5-[5-methyl-6-oxo-4-(trifluoromethyl)-1(6H)-

pyridazin-1-yl] phenoxy}acetic acid)) used in agriculture

as a herbicide and amipizone (IUPAC name: 6-(p-(2-

chloropropionylamino)phenyl)-5-methyl-4,5-dihydropyridazin-

3- one)) designed to be antithrombotics and an inhibitor

for platelet aggregations and the cardiovascular system)

compounds estimated at the B3LYP (Becke’s three-parameter

* Ashok H. Sidarai

ashok_sidarai@rediffmail.com

1 Department of Studies in Physics, Karnatak University,

Dharwad, Karnataka 580003, India

2 P. G. Department of Studies in Chemistry, K. L. E. Society’s P. C.

Jabin Science College, Hubli, Karnataka 580031, India

J Fluoresc (2017) 27:1839–1846

DOI 10.1007/s10895-017-2121-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s10895-017-2121-3&domain=pdf


Study of Fluorescence Quenching on Novel Coumarin

Derivatives by Aniline in Different Solvents

Ashok H. Sidarai1 • Vani R. Desai1 • Shirajahammad M. Hunagund1 •

Mahantesha Basanagouda2 • Jagadish S. Kadadevarmath1

Received: 2 October 2016 /Accepted: 5 April 2017 / Published online: 17 June 2017

� Springer Science+Business Media, LLC 2017

Abstract The steady-state fluorescence quenching of novel coumarin derivatives; 4-(2,

6-dibromo-4-methyl-phenoxymethyl)-benzo[h]chromen-2-one [DMB] and 6-methoxy-4-p-

tolyoxymethyl-chromen-2-one [TMC] has been studied in toluene, benzene, dioxane,

acetonitrile and tetrahydrofuran [THF] using aniline as a quencher at room temperature

with a view to understanding the role of diffusion in the quenching mechanism. The

probability of quenching per encounter (p) is calculated in all the solvents. Further, an

activation energy for quenching (Ea) was estimated using the values of p and the literature

values of activation energy for diffusion (Ed). The magnitudes of these parameters indicate

that the fluorescence quenching of these molecules by aniline is not solely due to the

material diffusion but there is also a contribution of an activation energy.

Keywords Activation energy � Coumarin derivative � Fluorescence quenching � Material

diffusion � Stern–Volmer plot

1 Introduction

The fluorescence quenching of organic molecules in solvents by various quenchers such

carbon tetrachloride, aniline, oxygen, halide ions and titanium dioxide nanoparticles has

been a subject of continued investigation for the last two decades [1–5]. One of the well-

known experimental techniques used to study the role of fluorescence quenching is to

determine the quenching rate parameters using the Stern–Volmer [S–V] equation:
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COMPUTATIONAL INVESTIGATION AND FACILE SYNTHESIS OF 

BIOLOGICALLY ACTIVE NEW CLASS OF N-SUBSTITUTED 
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MICROBIAL AND ANTI-CANCER AGENTS 
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ABSTRACT 
A series of novel N-substituted cyclic imides of coumarin hybrids (2a-

2h) have been synthesized and screened for antibacterial and 

antifungal activities. All the newly synthesized compounds were 

evaluated for antibacterial activity against one Gram-positive 

(Staphylococcus aureus) and one Gram-negative (Escherichia coli) 

bacteria and antifungal activity against pathogenic strains of Candida 

albicans and Aspergillus flavus by Agar-well Diffusion Method. The 

title compounds (2a), (2d) and (2f) showed potent antibacterial activity 

against pathogenic strains used in the study. Compounds (2a) and (2f) 

showed potent antifungal activity against A. flavus and C. albicans 

pathogenic strains. The in vitro cytotoxicity was evaluated against Hela 

(cervical cancer) cell line by using MTT colorimetric assay. The 

compound (2d) (R = 6-OCH3) was found to be potent anticancer among the series. 

Furthermore, Molecular docking study performed for all the synthesized compounds with S. 

Aureus gyrase complex with Ciprofloxacin and DNA (PDB ID : 2XCT) and results were 

obtained, the compounds (2c), (2f), (2g) and (2h) have higher C score values than 
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INTRODUCTION  
Despite tremendous progress in understanding 
tuberculosis disease, there remains the challenge to 
develop agents for its therapy with fewer side effects. 
Most of the approved drugs have maximum amount of 
side effect. Tuberculosis (TB) is an infectious disease 
mainly caused by Mycobacterium tuberculosis and 
characterized by tubercle lesions in the lungs.[1] It is a 
leading cause of death worldwide, TB is one of the 
global health emergency because of the increase in 
secondary infections and/or co-infection in immune-
compromised patients [such as those infected with 
human immunodeficiency virus (HIV)] and most 
worrying is the emergence of resistant strains of M. 
tuberculosis [multidrug-resistant (MDR) and extensively 
drug resistant (XDR) TB strains].[2] The WHO has 
estimated that every year about eight million new cases 
of tuberculosis occur and up to three million individuals 
die due to this disease (one person dies every 10 s).[3] It 
is also estimated that between 2002 and 2020, 
approximately a billion people will be newly infected, 

more than 150 million people will get sick and 36 
million will die of TB.[4] Therefore, the development of 
new and more efficacious drugs against Mycobacterium 
tuberculosis is urgently needed. This made the 
researchers to design the drug which can exhibit less 
amount or zero amount of side effect. 
 
Coumarin has become an essential biomolecule in the 
area of drug discovery, since incorporation of coumarin 
group into potent heterocyclic moieties, results in 
significant enhancement in efficacy of a drug. Further, 
coumarin has acquired the special significance in the 
medicinal chemistry arena, which is a class of compound 
widely available in the natural products, exhibits 
remarkable arrays of biological properties, like anti-
microbial, anti-inflammatory, anti-oxidant effects, anti-
coagulant, anti-tumor, anti-viral, as well as enzyme 
inhibitory actions. Most of the anti-tuberculosis drug 
available in the market has the coumarin nucleas, namely 
novobiocin and coumarin-4-acetic acid benzylidene 
hydrazide. In view of their extensive application of plant 
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ABSTRACT 
Carprofen and coumarins are biologically promising potent heterocyclic compounds as they posses very good anti-
tubercular, antimicrobial, anti-inflammatory and anticancer activities. In the present study, the condensation of 
substituted 4-bromomethyl coumarin and carprofen in the presence of anhydrous potassium carbonate gives 
exclusively coumarim-carprofen hybrids (3a-3i). Anti-tubercular assays against M. tuberculosis (H37Rv) coupled 
with in silico molecular docking studies indicated that dimethyl substituents (3a), (3f) and (3g) showed promising 
activity with higher C-score values. The synthesized compounds were also screened for in-vitro antimicrobial and 
anti-inflammatory. However, the compounds of (3c) and (3f) exhibit excellent in-vitro activity against 
M.tuberculosis (H37Rv). These results suggested that the as synthesized compounds of (3c) and (3f) own promising 
lead for subsequent investigation in search of new anti-tubercular agents. Accordingly, the in-vitro anti-
inflammatory activity revealed that compounds of (3a), (3b), (3c) and (3i) exhibited highest prominent anti-
inflammatory activity. Compounds (3a), (3b), (3f) and (3i) have shown excellent antibacterial activity.  
 
KEYWORDS: Coumarin-carprofen, Anti-tubercular, Molecular docking, Anti-inflammatory and Antibacterial. 
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The semiconducting polycrystalline ferrite materials with the general formula
Ni1�xMgxFe2O4 were synthesized by using the solid state reaction method.
X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectrographs,
and atomic force microscopy techniques were utilized to study the structural
parameters. XRD confirms the formation of single phase cubic spinel structure
of the ferrites. The crystallite sizes of ferrites determined using the Debye–
Scherer formula ranges from 0.963 lm to 1.069 lm. The cation distribution of
ferrite shows that Mg2+ ions occupy a tetrahedral site (A-site) and the Ni2+ ion
occupy an octahedral site (B-site) whereas Fe3+ ions occupies an octahedral as
well as a tetrahedral site. The study of elastic parameters such as the longi-
tudinal modulus, rigidity modulus, Young’s modulus, bulk modulus, and De-
bye temperature were estimated using the FTIR technique. The decrease of
direct current (DC) resistivity with increase in temperature indicates the
semiconducting nature of ferrites. The dielectric constant as well as loss
tangent decreases with increase in frequency, and at still higher frequencies,
they are almost constant. This shows usual dielectric dispersion behavior at-
tributed to the Maxwell–Wagner type of interfacial polarization and is in
accordance with Koop’s phenomenological theory. The linear increase of
alternating current conductivity with increase of frequency shows the small
polaron hopping type of conduction mechanism in all the ferrites. The mag-
netic properties such as saturation magnetization (Ms), magnetic moment,
coercivity, remnant magnetization (Mr), and the ratio of Mr/Ms was estimated
using the M–H loop.

Key words: Powder x-ray diffraction (XRD), atomic force microscopy (AFM),
Fourier transform infrared (FTIR) spectrograph, electrical
resistivity, Debye temperature, Tauc plot, vibrating sample
magnetometer (VSM) and magnetic moment

INTRODUCTION

Cubic spinel structured ferrites have potential
applications in the field of magnetic and electronic
technology; they also have a wide range of

applications in drug delivery systems and in med-
ical diagnosis.1 Ferrites having high electrical resis-
tivities, high saturation magnetization, and low
dielectric losses are useful in microwave devices,
computer memories, and magnetic recording
devices. Ferrites are good magnetic material with
more stability; thus they are used in transformer
cores, high quality filters, radio wave circuits ,and(Received February 20, 2016; accepted August 16, 2016;

published online September 8, 2016)
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Abstract 

 In the present study, gamma-ray shielding performance was investigated using mass 
attenuation coefficients and exposure buildup factors for tourmaline, datolite, galena, amethyst 
and hormirad. The mass attenuation coefficients were also calculated using GEANT4 
simulation toolkit, compared with XCOM results, a good agreement between XCOM and 
GEANT4 results was observed. The exposure buildup factors were calculated using GP fitting 
method for photon energy 0.015 to 15 MeV up to 40 mfp. The hormirad is superior shielding 
material among than tourmaline, datolite and amethyst whereas galena is the best shielding 
materials in low photon energy except near to 100 keV. The investigation would be very useful 
for shielding application of these materials. 

Keywords: Novel shielding, galena, XCOM, GEANT4, gamma-ray 
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ABSTRACT 

 

Photophysics of fluorescent organic compounds give a better knowledge of the excited state 

properties which in turn will help in the design of newer molecules and understanding their 

performance in specific applications. Here we present the fluorescence quenching study of a 

Quinolin-8-ol (QO) in toluene and butanol solvents by steady state fluorescence measurements. 

Anilineis the quencher. Negative deviation in the Stern – Volmer (S-V) plots has been observed 

with moderate quencher concentration. The downward curvature in the S-V plot is interpreted in 

terms of existence of different conformers of the solute in the ground state. The formation of 

intermolecular and intra molecular hydrogen bonding is found to be responsible for the 

conformational changes in the ground state of the solute. Quenching data is analyzed by 

modified Stern-Volmer equation or Lehrer equation.  

 

KEYWORDS: Quinolin-8-ol (QO), fluorescence quenching, modified Stern–Volmer (Lehrer)  equations    

                   and hydrogen bonding. 
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A B S T R A C T

In the present study, we report two novel mononuclear zinc(II) complexes (1 and 2) obtained by reacting

(E)-1-(phenyl(pyridin-2-yl)methylene)-2-(phthalazin-1-yl)hydrazine (L) with ZnCl2 and Zn(NO3)2�6H2O

respectively. Photophysical properties of the compounds were studied in both solution and solid phase.

The fluorescence absolute quantum yield of the complexes in solution varies in the order 1 (0.01) < 2

(0.030), on the other hand in the solid state it varies in the order 2(0.034) < 1(0.69). Quenching of

fluorescence intensity of 2 in the solid-state has been attributed to intense and extensive non-covalent

interactions present in the crystal structure. Theoretical calculations, density functional theory (DFT) and

time- dependent density functional theory (TD-DFT) were also performed to support the experimental

findings.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Metal-coordinated organic compounds with luminescent

properties have received much attention as potential electrolumi-

nescent components [1,2]. The first discovery of a bright and stable

emissive material, tris-(8-hydroxyquinolinato)aluminum(III) has

lead to an extensive investigation of luminescent materials based

on coordination compounds [3]. Fluorescent metal complexes

have many advantages such as the combination of emitting and

electron transferring holes, higher environmental stability, and a

better extent of diversity that is achievable through tuning of

electronic properties by virtue of structural and metal-center

variability [4]. Photophysical properties of luminescent complexes

of earth-abundant, biologically important, essential and cheaper

metals such as zinc(II) are gaining much importance in recent years

as an alternative to luminescent platinum group metal complexes

[5,6]. In the recent past, much attention is given to the study of a

variety of non-covalent interactions [7–10]. It is now well

documented that non-covalent interactions like hydrogen bonding

and p – stacking interactions form the backbone of the molecular

aggregates [11–13]. These interactions can significantly influence

the structural motif and consequently several photophysical

properties of the systems [14–16]. Several reports have established

that the photoluminescence properties of organic compounds are

not only associated with the composition of the materials, but also

depend on the non-covalent interactions [17]. The hydrogen

bonding interactions and interaction between fluorophores, found

in the X-ray crystal structures have been proven to be an effective

means to explain the solid-state emission quenching and red-shift

[18,19]. Very recently a couple of papers have reported the

relationship between luminescence property and supramolecular

structures of coordination compounds of zinc and cadmium

[20,21].

Interest in the hydralazine hydrazones is increasing because of

their ligational aspects and applications of their metal associates in

various fields [22–24]. Hydralazine hydrazones are used as

chemosensors for first-row transition metal ions but their solid

state photophysical properties are not yet studied [25,26]. In the

present work, we have synthesized a hydralazine hydrazone

(Scheme 1) by the condensation of hydralazine hydrochloride with
* Corresponding author.
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CO-FREE STEEL, PB AND UO2
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Abstract
Shielding materials used in nuclear reactors have to fulfil the requirements regarding their 
structure, shielding properties, cooling properties, etc. In present analysis, we have investigated 
radiation interaction parameters with water, concrete, Co-free steel, Pb and UO2. Gamma ray 
interaction parameters viz. mass attenuation coefficients, effective atomic numbers and 
effective electron density have been calculated for energy range 1 keV to 100 GeV. Using 
these parameters, gamma ray shielding effectiveness was discussed. The investigation would 
be very useful in shielding performance assessment of materials in nuclear reactors.

Keywords: Shielding, Reactor, Uranium, Water, Co-free steel

Introduction
The gamma ray shielding efficiency is characterized by 
attenuation of photons in a material. The attenuation of 
gamma ray is described by linear attenuation coefficient 

particular photon energy. Higher the values of attenuation 
coefficients, better is shielding efficiency. In addition to 
mass attenuation coefficient, effective atomic number 
(Zeff) and effective electron density (Neff) are other 
parameters expressing the shielding efficiency. Various 
studies on interaction of photon with materials are 
available in the scientific community [1-4].

Gamma radiation is often involved in investigation from 
nuclear technology, medical applications and industry. 
High efficient shielding materials are required to maintain 
low ambient radiation level and improve the level of 
radiation protection. The shielding materials for gamma 
ray radiation should be high atomic number elements, 
compounds or mixture. Various types of radiation 
shielding materials have been investigated for suitability 
and are in use in nuclear industries [5-11]. 

Interaction of photon with a material is dependent mainly 
on partial photon interaction process such as photoelectric 
effect, Compton scattering and pair production. These 
partial interaction processes are dependent on photon 
energy and atomic number. For a compound or mixture, 
the partial photon interaction processes depend upon 
atomic numbers of all the elements. The effect of atomic 
number will be investigated at different energies.

The objective of present study was to evaluate the 
shielding efficiencies of water, concrete, Co-free steel, Pb 
and UO2 by using mass attenuation coefficients, effective 
atomic numbers and effective electron densities for photon 

energy ranging 1 keV to 100 GeV, their variation with 
energy being also discussed.

Theoretical basis of investigation
Concrete, steel lead and water are commonly used 
materials for construction of nuclear reactor containment, 
biological shielding and cooling fluid. These materials are 
also selected due their properties of providing shielding 
against radiations. Natural Uranium (UO2) is used as a fuel 
material for power production in nuclear reactors. In
present study, investigation on gamma ray interaction with 
water, concrete, Co-free steel [12], Pb and UO2 is 
considered, in order to evaluate shielding effectiveness.

The photon intensity through a medium follows the 
attenuation law 0

tI I e , where I and I0 are transmitted 
and initial photon densities, µ is linear attenuation 
coefficient and t is the thickness of medium.

Mass attenuation coefficients
The mass attenuation coefficient of a compound or 
mixture is calculated using the mixture rule [13],

( / ) ( / )
n

m i i
i

w , where wi is the proportion by 

weight and ( / )i is mass attenuation coefficient of i-th
element. Proportion by weight is given by the relation

/
n

i i i j j
j

w n A n A with the condition 1
n

i
i

w , where Ai is 

the atomic weight of i-th element, ni is the number of 
formula units in a compound or composite materials, nj
and Aj are the atomic density and the atomic weight of the 
j-th element. The value of individual element are 
according to National Institute of Standard Technology 
and were found using WinXcom program [14].
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Abstract. We determined experimentally the electron interaction parameters like 

stopping cross section, mass stopping power and effective atomic number of normal and 
cancerous - solid and fluid tissues by taking their composition from ICRU-44. The mass 
stopping power is determined using 137Cs and 207Bi   internal conversion electrons and Si (Li) 
detector coupled to an 8K multichannel analyzer as the spectrometer to record the incident 
and transmitted spectra.  The effective atomic numbers of these tissue samples for the 
relativistic electron interactions are determined by substituting the measured mass stopping 
power in the semi empirical relation between the mass stopping power and atomic number 
obtained by plotting the mass stopping power of organic elements against their atomic 
number. Our experimental results are compared with the theoretical values computed using 
direct method and found to agree within ±3%.  The effective atomic number of the tissues for 
both electron and photon interactions are observed to be more under cancerous conditions 
than the normal, paving a way for unambiguous diagnosis of cancer.  

Keywords:  Relativistic electrons, Interaction Parameters, Mass Stopping Power, 
Effective atomic number, Effective atomic number for electron interaction. 

 
 
1. INTRODUCTION  
 
 

  Physical effect of any radiation is the ionization of the matter to release electrons. It is 
these electrons which interacts with the matter to damage it chemical nature and hence its 
biological functions. Thus it is necessary to study the electron interaction with matter to 
understand the radiobiological damages produced in radiotherapy and nuclear medicine.  

Hence the measurement of electron interaction parameters (EIP) like Mass Stopping 
Power (MSP), Energy Loss Straggling, Stopping Cross Section (SCS), Effective atomic 
Number (Zeff) and Effective electron density became more essential for the medical 
applications of radiation.  

The base of radiotherapy namely radiation dosimeter totally depends on the accurate 
value of stopping power of electrons in matter. SCS has several applications in radiobiology, 
medical physics and electron transport modelling.  
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Abstract

The absorption and fluorescence spectra of synthesized 4-[5-(2,5-Dimethyl-pyrrol-1-yl)-[1, 3, 4] thiadiazol-2-ylsulfanylmethyl]-

6-methoxy-chromen-2-one (DTYMC) compound were recorded in various solvents like acetone, acetonitrile, chloroform,

dimethyl formamide (DMF),1,4-dioxane, ethanol, ethyl acetate, methanol, tetrahydrofuran (THF) and dimethylsulphoxide

(DMSO) at room temperature in order to estimate the ground and excited state dipole moment. The ground state dipole moment

(μg) and excited state dipole moment (μe) were calculated using solvatochromic shift method which involve equations proposed

by Lippert, Bakshiev and Kawski-Chamma-Viallete. The results were signified that the excited state dipole moment is greater

than the ground state dipole moment, which indicates the excited state is more polar than the ground state of the molecule. The

bond angle between the ground state and excited state dipole moments were found to be 00, The change in dipole moment (∆μ)

was calculated using microscopic solvent polarity parameter (EN
T ). Further multiple linear regression analysis of Kamlet-Taft

parameter, HOMO-LUMO energy were determined by cyclic voltammetry using phosphate buffer solution.

Keywords DTYMC molecule . Solvatochromic shift . Cyclic voltammetry . Scan rate . HOMO-LUMO calculation . The

Kamlet-Taft multiple linear analyses

Introduction

The synthesis of triheterocyle is having coumarin,

thiadiazole and pyrrole moieties in its structure called

4-[5-(2,5-dimethyl-pyrrol-1-yl)-[1,3,4]thiadiazol-2-

ylsulfanylmethyl]-6-methoxy-chromen-2-one (DTYMC).

Coumarin derivatives have huge applications in the field

of pharmacological, biological activities, these derivatives

are used in fluorescent probes for metal ions [1], polymer-

ic materials of their immense performance [2], coumarin

influenced in the structural, morphological and optical

properties of the CdO films [3]. Highly efficient energy

transfer can be done by coumarin 153 to the gold nano-

particles of various dimensions [4]. Highly selective turn

on coumarin fluorescent probe for detecting Al3+in aque-

ous systems [5]. 1,3,4-thiadiazoles were used in pharma-

ceuticals, agrochemicals and material chemistry [6] and

also used as high sensitive fluorescent probes for pH of

medium [7]. Pyrroles are used as electropolymerization

[8]. Polypyrrole used mainly because of high electrical

conductivity applications in fabrication of actuators,

electrochromic devices and sensors, electroactive pyrrole

used in degradation of organophosphate [9]. The fused

heterocyclic compounds have been used in various appli-

cations like fluorescent probes for detecting for Cu2+ ions

in biological systems [10]. Coumarin fused coumarin has

radical scavenger activity and it is able to inhibit the DNA

oxidations caused by the OH, Cu2+ even in the absence of

hydroxyl group [11].

The synthesized DTYMC molecule, has no reports

available based on photophysical and electrochemical

studies, most of the researches were studied recently on
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Abstract—Copper-doped nickel zinc nanoferrites Ni0.45Zn0.55 – xCuxFe2O4 (x = 0.0, 0.1, 0.2, 0.3) were pre-
pared by solution-combustion synthesis using sucrose as a fueland characterized by XRD, TEM, FTIR, and
Raman spectra. The XRD results suggest the formation of single-phasenanoferrites with a cubic spinel structure.
The FTIR spectra of synthesized nanoferrites showed two strong absorption bands (υ1 and υ2) at 569 cm–1 and
422 cm–1. For synthesized materials, their structural and elastic parameters were determined as a function of x.
Our results may turn interesting to those engaged in combustion synthesis of substituted ferrites.

Keywords: solution-combustion synthesis, sucrose method, Cu-doped Ni–Zn nanoferrites, structural/elastic
parameters

DOI: 10.3103/S1061386220040135

1. INTRODUCTION

Due to their interesting physics, nanoferrites have
gained much attention in recent research [1] and
found numerous applications in technology, industry,
and medicine [2]. Among others, Ni-Zn ferrites are
more significant due to their wide application [3] in
frequency devices in view of their higher electrical
resistivity and low eddy-current losses [4, 5]. The fer-
rites prepared by ceramic route are coarse and non-
uniform [1]. To overcome these drawbacks, several
methods of synthesis such as sol–gel [6, 7], co-precip-
itation [8, 9], reverse micelle technique [10, 11], and
oxidation [12] are employed. To our knowledge, the
synthesis of Ni0.45Zn0.55 – xCuxFe2O4 nanoferrites has
not been reported so far.

In this communication, we report on the structural
and elastic properties of Ni0.45Zn0.55–xCuxFe2O4 nano-
ferrites prepared by solution-combustion synthesis
(SCS) using sucrose as a fuel.

2. EXPERIMENTAL

AR grade nitrates of nickel, zinc, copper, and iron
were taken in stoichiometric amounts and dissolved in
double distilled water. To this solution, 10% PVA solu-
tion and sucrose solution were added to get a homoge-

neous mixture. This mixture was kept at 80°C on a
magnetic stirrer until disappearance of NO2 fumes and
then heated on low flame until the mixture turned into
a mass that burned like a live charcoal to yield ferrite
powders. Synthesized nanoferrites were characterized
by XRD (Rigaku IV Ultima diffractometer), FTIR
spectra (Cary 660 FTIR spectrometer), Raman spec-
tra (SEKI Technotron Model STR-300 spectrome-
ter), and TEM (FEI model Titan G2 60 300 machine).

3. RESULTS AND DISCUSSION

3.1. XRD Analysis

Figure 1 shows the diffraction patterns of synthe-
sized Ni0.45Zn0.55 – xCuxFe2O4 nanoferrites with differ-
ent x. The peaks were indexed by comparing with
ASTM data [13]. Lattice parameter a, crystallite size
D, dislocation density 1/D2, A-site and B-site bond
lengths(A–O, B–O), site radii (rA, rB), micro strain ε,
and X-ray density ρ were calculated as described else-
where [14] and the results are collected in Table 1.

Lattice constants a are seen to grow with decreasing
x. Because of smaller radius of Cu ion (0.70 Å) com-
pared to that of zinc (0.82 Å), Cu2+ displaces Zn2+ and
acts according to Vegard’s law [13]. The crystallite size
was around 14 nm. The bond lengths and site radii
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Abstract—Cobalt-doped nickel zinc nanoferrites Ni0.45Zn0.55–xCoxFe2O4 (x = 0.0, 0.1, 0.2 and 0.3) with a
particle size of 8–12 nm were prepared by solution-combustion synthesis (SCS) using sucrose as a fuel and
characterized by XRD, FTIR, Raman, and TEM techniques. For synthesized materials, their structural and
elastic parameters were determined as a function x. Our results may turn interesting to those engaged in com-
bustion synthesis of ferrites.
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1. INTRODUCTION

Because of their small size and large surface area,
Ni–Zn nanoferrites exhibit surprisingly unusual phys-
icochemical properties that strongly differ from those
of bulk materials [1–3]. Preparation of ferrites through
solid-state reaction requires high calcination tempera-
ture which in turn results in aggregation of particles
[3]. To date, a number of methods have been
employed to synthesize nanoferrites such as mechani-
cal alloying [4], sol–gel [3], hydrothermal-microwave
[5], pulsed wire discharge [6], microemulsion [7], co-
precipitation [8], hydrothermal processes [9] and
aerosolization [10].

In this communication, we report on the prepara-
tion of Ni0.45Zn0.55 – xCoxFe2O4 nanoferrites (x = 0.0,

0.1, 0.2, 0.3) by solution-combustion synthesis (SCS)
using sucrose as a fuel and their characterization.

2. EXPERIMENTAL

AR grade nickel nitrate hexahydrate Ni(NO3)2 ⋅

6H2O, zinc nitrate hexahydrate Zn(NO3)2 ⋅ 6H2O,

cobalt nitrate trihydrate Co(NO3)2 ⋅ 3H2O, and

iron(III) nitrate Fe(NO3)3⋅9H2O were taken in stoi-

chiometric amounts and dissolved in double distilled
water. To this mixture, 10% solution of polyvinyl alco-
hol (PVA) in double distilled water and aqueous solu-
tion of sucrose were added and stirred vigorously until
homogeneity. The resultant mixture was held at 80°C

for 1.5 h in a magnetic stirrer. The solution emitted
NO2 fumes and turned dark brown. The latter was put

in a beaker and heated on a low-flame gas stove until
it turned into a mass that burnt like live charcoal.
During this process, large amounts of NO, NO2, CO,

CO2 gases and water vapors were released to leave a

remnant of ferrite powder. After grinding in an agate
mortar for 1 h, we obtained fine powders that were
used in further experiments.

Product powders were characterized by XRD
(Rigaku IV Ultima diffractometer, Cu-Kα radiation),

TEM (FEI model: Titan G2 60 300 apparatus), FTIR
(Nicolet 6700 spectrometer), and Raman analyses
(SEKI Technotron, Model STR-300).

3. RESULTS AND DISCUSSIONS

3.1. XRD Results

The XRD spectra of combustion-synthesized fer-
rites are shown in Fig. 1.The peaks were identified by
comparing with ASTM data [11]. The absence of any
other peaks confirms that SCS reactions yielded sin-
gle-phase nanoferrites [12]. Structural parameters—
lattice parameter a, crystallite size D, dislocation den-

sity 1/D2, bond lengths A–O and B–O, site radii rA

and rB, micro strain ε, and X-ray density ρ—were

obtained as described elsewhere [12] and the results
are collected in Table 1.
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Abstract 
In the present work, we report 
evidence for efficient Förster 
resonance energy transfer 
(FRET) between Bovine 
Serum Albumin (BSA) and 
Stilbene 420 (S420) dye 
based on both steady-state 
and time-resolved (TR) 
fluorescence spectroscopic 
measurements. This study 
predominantly shows that decrease in the Photoluminescence (PL) intensity of BSA and 
enhancement PL intensity of S420 dye provides the information about efficient energy transfer 
(ET) between the two fluorophore. This is a signature that, BSA acts as a proficient donor and 
S420 dye as an excellent acceptor in FRET mechanism. The Spectral overlap inte
Forster distance (R0), intermolecular distances (r), and energy transfer efficiency (E) are 
obtained  experimentally from FRET theory. The ET efficiency of up to 36% has observed in 
this FRET system from TR measurements. The Stern-Volmer plot suggests that the quenching 
mechanism is dynamic and bimolecular quenching rate constants (kq) shows this interaction is 
not diffusion-controlled process. 
Keywords: BSA; Stilbene 420; FRET; Spectral overlap; Forster distance; Stern-Volmer. 
Article history: Received: 6 July 2020; Revised: 8 August 2020; Accepted: 9 August 2020 
 
 
 
1. Introduction 

Förster/fluorescence resonance energy transfer (FRET) is a process in which an excited state 
donor chromophore can transfer energy to a proximal acceptor chromophore (typically less 
than 10 nm) through a long-range nonradiative dipole-dipole coupling [1-4]. It has been 
extensively and intensively studied as a powerful analytical technique to interrogate changes 
in molecular conformation, association and the assembly or disassembly of biomolecular 
machinery [2]. The interest has been growing quickly amongst researchers in the field of FRET 
sensors, which are used to quantify molecular dynamics in protein-protein interactions, protein-
DNA interactions, and protein conformational changes [2, 5]. The advantage of the FRET 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The Ni–Zn nano-ferrites with magne-
sium substitution were successfully 
prepared by Sucrose method. 

• XRD investigations confirmed single 
phase cubic structure having Fd3m 
space group. 

• The TEM images confirm nano scale 
nature and almost spherical shape of 
ferrite. 

• FTIR spectra confirmed presence of M −
O bond.  

A R T I C L E  I N F O   

Keywords: 
Nanoferrite 
Cell parameter 
Bond length 
Moduli of elasticity 
Debye temperature 

A B S T R A C T   

The Ni0.45 Zn0.55-xMgxFe2O4 (x = 0.0, 0.1, 0.2 and 0.3) nanoferrites were synthesized by the sucrose method. The 
prepared nanoferrites were characterized by XRD, TEM, FTIR and Raman techniques. The XRD studies verified 
the cubic spinel-type structure of the samples. The lattice constant, particle size, bond lengths, X-ray density were 
determined. The lattice constant decreased as Magnesium content increased. The SAED image shows a ring 
pattern that establishes polycrystalline state of ferrites. The TEM image reveals a spherical shape of nanoferrite 
particles. The elastic parameters were calculated for obtained nanoferrites using FTIR data. The moduli of 
elasticity and Debye temperature decreased with increase in Magnesium content. Five first order Raman active 
modes were revealed by Raman Spectroscopy.   

1. Introduction 

The synthesis of magnetic nanomaterials is of immense interest 
because of their novel mesoscopic properties. Each nanoparticle is 
considered as a single magnetic domain due to its large surface area 
which changes few of their properties [1]. Ferrites are ferromagnetic 

materials and they are oxides of different metals along with iron [2]. The 
spinel nanoferrites have novel magnetic, optical and photoelectric 
properties. Ferrites are used in data storage materials, catalysts, antenna 
bodies, humidity sensors, drug delivery processes, converters, inductors 
[3–10] and microwave devices [11,12]. These materials have high 
magnetization and permeability [13]. The preparation of spinel 
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ABSTRACT 
 

The present study is an 
effort on green synthesis 
of iron oxide 
nanoparticles (NPs) by 
using Moringa olifera 
leaf extract as reducing 
agent. Crystalline nature, 
size, morphology, 
chemical composition 
and its optical features were analysed using X-ray diffraction (XRD), 
Scanning electron microscope (SEM), Fourier transform infrared 
(FTIR) and UV-Visible absorption spectroscopic measurements, 
respectively. XRD spectrum manifests the cubic phase of the NPs with 
average size of about 24nm. SEM analysis confirms the spherical 
shape of NPs with agglomeration. FTIR spectrum reveals the 
occurrence of Fe-O vibrational bond. The NPs are optically active and 
can be utilized in light harvesting and biosensor applications. 

 
1. Introduction: 

Recently, research on nanoparticles (NPs) 
gained a wide range of interest among the 
scientific community due to its applications in 
biology, medicine, and engineering [1]. NPs 
exhibit unique optical, electrical and magnetic 
properties upon changing their size, shape and 
composition, respectively [1, 2]. Currently, 
there is a large number of NPs are extensively 
applied in biomedical studies in particularly 
antimicrobial, antioxidant, and drug delivery 
agents. The development in nanoscience has 

to lead to the production of NPs by various 
chemical and physical techniques. Conversely, 
these techniques have a negative impact on the 
environment and living organisms because an 
un-reacted chemicals are discharged in the 
environment [3]. 

The introduction of NPs in biomedicine and 
drug delivery has turned out to be a source of 
urge therefore it is also essential to develop 
hygienic, safe, simple and non-toxic materials 
through eco-friendly synthesis [4]. There are 
various synthesis methods are available to 
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