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Preface

Metal tungstates are multifunctional materials with novel physical and
chemical properties. Nanophase tungstate materials have potential
applications in diverse fields. MnWO, and CaWO, nanoparticles have
attracted much attention due to their interesting properties and micro and
optoelectronic applications. The synthesis and characterization of
nanocomposites of tungstate with polyaniline can bring out new properties
that are useful for potential applications like gas sensing, electromagnetic
interference shielding, anti-static coatings, corrosion protection and
microwave applications. The studies related to electron beam irradiation
effects on materials are interesting. The intrinsic defects produced by the
electron beam irradiation offer modification of structural and physical

properties of materials, which have technological applications.

Several studies have reported for the synthesis and characterization of
MnWO, and CaWO, nanoparticles. However, studies based on the
influence of electron beam irradiation on the structural, optical and
electrical properties of MnWO,, CaWwO, and PANI-MnWO,/CaWO,
composite are sparse. It is therefore felt worthwhile to undertake a
systematic investigation on the synthesis, characterization and electron
beam irradiation studies of nanocrystalline MnWO,, CaWO, and their

polyaniline composites.

In the present investigation, MNWO, and CaWO, nanoparticles and
their polyaniline composites are synthesized using simple chemical routes
and are characterized using various tools for exploring their thermal,

structural, optical and electrical properties. The influence of high energy (8



MeV) electron beam irradiation on the structural, optical and electrical
properties of MNWQO,, CaWO, and their polyaniline composites is also
investigated. The results of these systematic investigations are incor porated

inthethesis.

The subject matter of the thesis has been organized into six chapters.
Chapter 1 is introduction, which comprises literature survey, statement of
the research problem, objectives and scope of the present study. In Chapter
2, the materials and methods used for the synthesis and characterization of
the materials are presented. The details of the apparatus, experimental set
up and procedure adopted for the various studies are also described in this

chapter.

The synthesis and characterization of nanocrystalline manganese
tungstate, calcium tungstate and their polyaniline composites are presented
in Chapter 3, 4 and 5, respectively. The conclusions drawn on the basis of
systematic analysis are summarized in Chapter 6 and the scope for future

work in this field is mentioned at the end of this chapter.
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Chapter 1
INTRODUCTION

Metal tungstates are multifunctional materialshwaiciting structural
and optical properties. Nanophase tungstate mkstehave potential
applications in various fields, such as lumineseenaenicrowave,
scintillation, photocatalysis and humidity sensifig33]. Among metal
tungstates, MnW@and CaWQ@ have attracted much attention due to their
unique structural, optical, electrical and photabdic properties. These
novel properties make them suitable materials fotem@al use in
scintillating detectors, lasers, light emitting dés, optical fibres and
humidity sensors [4-7]. The formation of nanoconigssof tungstate with
polyaniline is expected to bring out novel propstithat are useful for
potential applications like gas sensing, electrame#ig interference
shielding, anti-static coatings, corrosion protctiand microwave

applications.

The studies related to electron beam irradiatidecés on materials
are interesting. The electron beam irradiationomitices small intrinsic

defects in samples. The material properties armaily controlled by
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inherent defects or charge carriers, which are yred during irradiation.
Hence, electron irradiation technique can be usedhe modification of
structural and physical properties of materialst thave technological

applications [8-11].
1.1 Background study

A comprehensive literature survey is conducted @tahtungstates
and polyaniline composites. This includes review mdnocrystalline
tungstates, polyaniline composites and the effettelectron beam
irradiation on materials. Though many differentgstates and polymers are
found in the literature, only the reviews of thargmnents relevant to the

study are included.
1.1.1 Metal tungstates- Crystal structure

Tungstates having the general formula Ayv@here A= Mn, Mg,
Cd, Ca, Sr, Ba and Pb. In metal tungstates?ifbas a small ionic radius <
0.77 A (Mg, Zn), it will form the monoclinic wolfraite structure, but
larger A* cations > 0.77 A (Ca, Ba) form the tetragonal stitestructure
[12,13]. The monoclinic wolframite structure has@ace group (SG) of
P2k and contains two formula units (Z=2). But, theragbnal scheelite

structure has a space groud4fa, and contains four formula units (Z=4).

In wolframite structure, both A and W cations havetahedral
oxygen coordination and each octahedron shares cwvoers with its
neighbours. The Wgoctahedra are highly distorted, since two of theOV

distances(~2.13 A) are much larger than the other four W—O distances
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(~1.84 A)[14-16]. In scheelite tetragonal structure, theiorais co-
ordinated to eight oxygen atoms in Gag@dlyhedrons and tungsten atoms
are coordinated to four oxygen atoms in YW€trahedrons [12, 17-20]. The
isolated tetrahedron of W0n scheelite is nearly regular with four W-O
distances £1.79A) [15]. Fig. 1.1 represents the conventional ueit of

the wolframite and the scheelite structures.

Wolframite Scheelite

Fig. 1.1Unit cell for the wolframite and the scheeliteustures.

(Adapted from online data base [21])

In the present work, manganese tungstate (MpW&Dd calcium
tungstate (CaWg) nanoparticles are selected for the study. Theae for
selecting these materials will be clear from theréiture review presented

in the following sections and the discussion tlodbivs.
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1.1.2 Nanocrystalline MNWO,

The mineral name for MnWQis hubnerite [22]. MnWQ is
paraelectric and paramagnetic at room temperatdte.possesses
spontaneous electric polarization [23-25]. But, kwer specific
temperatures 13.5, 12,5 and 8-6.5 K, MnWGhowed different

antiferromagnetic states as reported by @hal. [26].

The electrical conductivity of MnWgis sensitive to changes in
humidity. Hence, it can be used as a humidity sensith potential
applications in meteorology, medicine, food produtt agriculture,
industry and domestic environment [4, 5]. Smalliatawns in the surface
adsorbed water plays key role in modulating thecteteal conductivity.
Also, the porosity of the synthesized material dbntes to the sensing
property. Zhangt al. have reported that MnWanoplates synthesized by
hydrothermal method exhibited ionic conductivity dpalsed on its ionic
conductivity they were quite sensitive to water ewolles [27]. Excellent
varistor behaviour with a negative temperature foacieht of resistance has
been reported in lead manganese tungstate cerg@dgsSaranyaet al.
have measured the conductivity of MnW@repared by ultrasonication
method [29]. It was found that conductivity incredswith increase in

temperature showing a semiconducting behaviour.

It has been reported that the morphology of MnWO
micro/nanocomposite structures synthesized by mmcub&on-based

solvothermal approach depended on reaction timetamgberature [30].

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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Ambient template synthesis of multiferroic MnW(nhanowires and
nanowire arrays was reported by Zheual. [23]. They found that the
morphology of nanoparticles depends on the reacodlitions. Wuet al.
synthesized MnWQ nanocrystals with different morphologies by
controlling pH values using hydrothermal method][3tis also reported
that the pressure, pH and temperature of the mradystems played
important role in determining the morphologies oh\MO, [32]. Proper
organic surfactants (ethylene glycol, polyethylgheol-400) added to the
reactants can control the growth of the particlesnple and effective
technique of synthesis of MnW®@anoparticles seldom happens without
using any surfactants. Two such methods are repdiyeHu et al. and
Rahimi-Nasrabadgt al. [33, 34]. The first method is hydrothermal and the
second method is direct chemical precipitationhijananthanet al. have
reported a new route for the aqueous phase syatbésingle crystalline,

shape-selective, magnetic Mn\W@anomaterials on a DNA scaffold [35].

Tungstate nanomaterials are well known for theirtpluminescence
(PL) properties. It has been reported that the mw@sim for the PL
properties are the electronic transfer within theQ)? anion complex.
This is true for the scheelite structured tungstaiece the crystal structures
for the monoclinic wolframite is different from thetragonal scheelite,
there must be some difference in the PL propertyiofVO, nanocrystals.
MnWO, monoclinic lattice is formed by interconnected WQe]—
[MNOg]-[WOg]...) clusters [22]. In this report the PL emissiors Haeen

explained on the basis of defects in the latticd/@nbetween distorted

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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octahedral [W@) clusters. Wuet al. have shown that the PL intensity of

samples prepared under different pH values weferdift [31].

Tong et al. have observed in their investigation that as plartsize
reduced from 29 to 8 nm, there existed a ‘lattigpa@sion’ followed by
lowered lattice symmetry, lattice vibrational vaigas, and broadened
bandgap [2]. Phonon properties of nanosized MpWi@h different size
and morphology have been reported byckkaet al. [36]. In their work
they described the particle size dependence ointhasity of the IR and
Raman peaks. Eighteen Raman active modes have dimsenved in the
Raman studies of MnWJ by researchers [37]. So it can be inferred that IR
and Raman studies can provide information regardizg changes and
disorders occurring to a specimen as a result afifg or treating with

energetic radiations.

MnWO, nanoparticles have strong absorption in the U\Vblas
region and have potential for the photocatalys&3.[@ontaminants like dye
molecules can be removed from water by their pladtdgtic degradation
by developing such photocatalysts. For this thize and bandgap should
be tuned properly. The effect of pH value on thentlsgsis and
photocatalytic performance of MnWOnanostructure by hydrothermal
method has been reported [31]. In this work phdtdgc degradation of
acetone was studied. The possibility of enhancing photocatalytic
activity using MnWQ encapsulated in mesoporous silica has been claimed
by Hoanget al. [39]. In their work they obtained nanoparticlesaskerage

size 15 nm. When the size of the particles decréhseexposed area
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increases which in turn helps in increasing thetgdatalytic property. An
environment friendly MnWQ@nanocrystalline catalyst has been reported by
Khaksaret al. [40]. Aminaet al. have reported antibacterial property of

MnWO, nanoparticles [41].
1.1.3 Nanocrystalline CaWQ,

The scheelite calcium tungstate is an importanicaptmaterial
which has found many practical applications. Omd Hirao synthesized
calcium tungstate whiskers of different sizes grainom KCI flux [42].
This report might be the forerunner to the synthesiCaWQ micro and
nanocrystals of various morphologies. They obtaid&dmm long (5.3um
diameter) CaW@whiskers. Thin films of CaW@Qand SrwWQ prepared on
glass plate by spray pyrolysis showed blue and-gieen emissions at 447
and 487 nm, respectively [43]. This is due to tharge transitions within
the (WQ) group. Low-temperature synthesis of metal turtgsta
nanocrystallite in ethylene glycol was reported@yenet al. [44]. They
reported the preparation of several nanosized ntetajstate powders
(CawQ, SrwaQ, BawQ,, CdWQ,, ZnWQ, and PbWQ) from the reaction
between metal chloride and sodium tungstate irethglene glycol system
at low temperature. In a solvothermal path way,ocaystalline CaW@
was fabricated using organic additives ethylenealyand polyethylene
glycol [3]. Nanorods and spherical particles webgamed by this method.
The growth in certain plane, for instance (0013ufes from the favourable

interaction between the calcium exposed atoms hadhydroxyl anions
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[45]. Mai and Feldmann investigated the influenteationic and non-ionic

surfactants on particle size, shape and photolwsoaree of CaWgi46].

Mogilevsky et al. have reported that the mechanical anisotropy of
scheelite (CaWg) favoured oxidation resistant coatings in high
temperature ceramic composites [47]. The bandgamgrof the crystalline
thin films was found to be 5.27 eV in CaWy@nd 5.78 eV in SrWg[48].
Theoretical study by Cavalcanat al. reported that CaWpis a direct
bandgap material [49] with energy gap of 5.45 eViamocrystals. Another
study by Vidyaet al. reported a bandgap of 4.25 eV for the CaWwO

nanocrystals [50].

There are many valid hypotheses regarding the Rlpegsties of
CaWwQ, The predominant blue emission centred on 420-480 is
attributed to the charge transfer process takimgephwithin the (WG)™?
group [51]. The'T, to 'A; transition in the [WG@? excited complexes
produce this PL. Also, a blue-green emission maygdeed by the WO
defect centres produced by the oxygen vacancies?[753]. Katelnikovas
et al. have synthesized CaW@articles with size in the range 350- 850 nm
by sol-gel process [54]. In this method, the precusolution was stabilized
using citric and tartaric acids. Sa al. reported that citric acid and pH
played important roles in hydrothermal method tatkgsis CaWQ@
nanoparticles [55]. They also reported on the syate lattice expansion,
vibrations and electronic absorption bands witle sduction. Parhgt al.
have reported the synthesis of scheelite-type ABS= Ca, Sr, Ba) by

solid-state metathetic approach assisted by micrewanergy radiation

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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[12]. Formation of nanoparticles resulted in latexpansion, and affected
the PL behaviour as observed byetial. [56]. Nanocrystalline CaWgof
size 12 nm synthesized by microwave irradiatiommégue [18]. Linet al.
reported the synthesis of Eu: Ca\W@ith anti-tumour activity [57]. EU
doped CaW@ phosphors showed two peaks in the thermo lumimescat
400 and 500 K [58]. Nanostructured Ca\V@oduced by co-precipitation
can be applied as a catalyst support for platinemeaorted by Farsi and
Barzgari [59], and showed better electrochemicdivig in oxygen
reduction reaction in }$0,. Photocatalytic application of CaW@or the

degradation of methylene blue has been reportdehbsiet al. [60].

Thus by reviewing the literature on nanocrystalliaWwO, and
CaWwaQ, it can be concluded that no work has been repanethe effect of
electron beam irradiation on the structural andspia} properties of these

metal tungstates.
1.1.4 Conducting polyaniline

Polyaniline is a conducting polymer which was dissred about 153
years ago. It captured much attention by the s@ierdommunity since
1980. PANI is an organic semiconductor. It is thestrstudied among the
conducting polymers. PANI was originally known asiline black’ [61-
63] and was obtained by the polymerization of aril{(GHs-NH,) under
acidic conditions. PANI exists in three differeotrhs: “leucoemeraldine”

(fully reduced form withy = 1); “emeraldine” (half oxidized form witph =

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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0.5) and “pernigraniline” (fully oxidized form witly = 0) derived out of

the scheme shown in Fig. 1.1.

Fig. 1.2General scheme of representation of PANI

The conducting form of PANI, called the emeraldsadt (PANI-ES),
is obtained by protonation of the half oxidized niorof PANI called
emeraldine base (PANI-EB). When polyaniline is dbpath protonic acid
its conductivity gets modified from 0 to 10 Scni', depending on

protonation.
1.1.5 Polyaniline nanocomposite

Sharmaet al. have studied the effect of magnetic nanoparticles
forming polyaniline composite [64]. They found ththe magnetic phase
could be retained at higher temperatures in then imxide/PANI
nanocomposite. Low concentrations of PANI in thenposite resulted in
antiferromagnetic behaviour and large concentratiohPANI resulted in

super paramagnetic behaviour.

Deshpandet al. have reported on the ammonia gas sensing property
of thin film made from tin oxide-intercalated pohfne nanocomposite
[65]. They have found that while tin oxide remaingthctive to the
presence of ammonia, tin oxide/PANI nanocomposield sense its

presence. This is due to the modification inducedthe electronic

10 Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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properties of PANI matrix by the presence of tindex The application of
graphene/polyaniline nanocomposite as a hydrogeh ges sensor was
reported by Al-Mashagt al. [66]. In their experiment, they studied the gas
sensing properties of graphene, PANI and their asmgs separately, and
found that the sensing action was highest in theposite. Shiet al. have
prepared Ti@'polyaniline nanocomposite from a lyotropic liquidystalline
solution [67]. They found that the presence of gamic species improved

the crystallinity of PANI along a direction perpécuar to the PANI chain.

It is reported that formation of polyaniline consgte with carbon
nanotube (CNT) resulted improvement in electricahnsport [68].
According to Kondawar and his co-workers, PANI fedra layer over the
CNT and the conductivity was enhanced by the chaegesfer between the
quinoid rings of the PANI and the CNT. Similar imgement in
conductivity has been reported for PANJ nanocomposite by Li and
Ruckenstein [69]. Synthesis and characterizatiopadyaniline/zinc oxide
(PANI-ZnO) was reported by Mostafaei and Zolriagat[70]. They
observed lower electrical conductivity, changesthermal and optical
properties of the composite. This was due to ttedigdion of —~NH-— group
on the surface of ZnO nanorods. Mestial. have developed MnEPANI
composite having electrochemical properties withacstance up to 207 Fg
! [71]. The synergistic effect of MnGand PANI chain is the reason for the
high capacitance. Electrochromic and pseudo-capaciproperties of
tungsten oxide/PANI (WE@PANI) composite have been reported by
Nwanyaet al. [72]. They found that the integration of PANI witO;

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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resulted in the formation of a true electrochemicapacitor. A review
article on graphene based polyaniline compositesWang et al. [73]
summarizes their applications in supercapacitoessiag platforms, fuel
cells, solar cells, electrochromic devices anduitihion batteries. Another
literature review, conducted by Setral. have reported on the synthesis and
applications of polyaniline nanocomposites [74]. rddt electronic
transitions in polyaniline—NiR®, nanocomposite (PANI-NiE®,) with a
bandgap of 1 eV have been reported by Khairy angd&$75]. A study on
polyaniline—niobium pentoxide (PANI/N®s) has reported the dielectric
properties and the power law dependence of the éuctivity [76]. Low
frequency AC conduction in polyaniline/zinc tundsta PANI/ZNWQ)

composite was studied by Machappa and Prasad [77].

Microwave absorption properties ofsg—polyaniline nanocomposite
have been reported by Zlati al. [78]. Lower percentage of PANI in the
composite is suitable for anti-static applicatiovi'ere as higher percentage
PANI in the composite is suitable for EMI shieldifiP]. Large dielectric
constant of PANI-Ti@ nanocomposite provides promising applications in
the field of actuators, dynamic random access mgrmaod metal oxide
semiconductor devices [80]. Pillalamasti al. have reported polyaniline
composites in which both PANI and the metal pagtcivere in the nano
regime [81]. PANI-MBO, composite prepared by Durmesal. showed
higher conductivity and super paramagnetic beha@2}. Jianjunet al.
reported on they-MnO,/polyaniline composite for applications in

microwave absorption [83].
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Optical spectroscopic studies of composites otlocting PANI with
CdSe and ZnO nanocrystals were reported by Bhatvarekchand [84].
Banerjee et al. in their studies on HCI| doped PANI observed tha t
diameter of the polyaniline nanofibre decreasedh witrease in the dopant
concentration [85]. Sapurinat al. showed that presence of sodium
tungstate retarded the oxidation of aniline and pinesence of sodium

tungstate did not much affect the conductivity [86]

Several review articles on the synthesis, chamaetiton and
applications of polymer nanocomposites have bediighed [74, 87-90].
Polyaniline nanocomposite can be easily preparéugus situ chemical
oxidative polymerization [91-93]. Proper ratio h&s be maintained
between PANI and the dopant used to achieve optisymergistic effect
[94]. The synthesis of PANI-MnWQnanocomposite has been reported

[95]. In this study specific capacitance of the posite was measured.

Negative permittivity was observed in polyanilibarium titanate
nanocomposites [96]. Polyaniline-yttrium trioxideAni-Y,03) composites
were synthesized by Muhammad and Syed [97]. Thegemded in tuning

the microwave absorption property in a wide rangeemuencies.

In the present research work, MnW@nd CaWQ are selected to
form composites with PANI and some property charayesexpected in the

final products.
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1.1.6 Effect of high energy electron beam irradiation

There are few reports on the study of the effecelettron beam
irradiation in metal oxides. Using electron beamadration the optical,
electronic, magnetic and mechanical properties bwyailored for useful
applications [98]. Effect of electron beam irraghaton various structural
and physical properties of ZnO film [99], galliusmc oxide thin films
[100], CeQ nanoparticles [101], nickel oxide nanocubes [102Ag, WO,
nanoparticles [103], graphene oxide [104, 105]beoarfilms [106], anti-
ferroelectric materials [107], ZnS nanostructui@s VS, nanotubes [108],
InGaAs/GaAs quantum well and quantum dot structyt€d], TGA-
capped CdTe quantum dots [110],B40,4 [111], iron-iron oxide core-
shell nanoparticles [112], LaCqgO [113], G@.5Sr.sMnO; and
Dyo.5S1h.sMNO3; manganites [114] and AlGaAs/GaAs [115] heterostmec

was reported.

There are some reports on the effect of electr@ambieradiation of
polymer composites. Modifications such as croskslimr chain breaks
upon irradiating polyacetyline samples with elesttmeam results in the
decrease of path length of the conjugated chaif][Hlectron beam curing
of composites is non-thermal and faster comparethéomal annealing
[117]. Nasefet al. have observed electron dose dependent changes in
chemical structure, thermal characteristics, ctiystly and mechanical
properties in ethylene-tetrafluoroethylene copolyrlTFE) film [118].
Bhadra and Khastgir reported changes in d-spaanbgy,-chain separation,

and thermal stability in PANI [119]. They also ro&d that oxidation level
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of PANI was not affected upon electron irradiatiddorphology change in
polymer composite was observed due to changeseirpdhymer network
caused by electron beam irradiation [120]. Sangap@h have reported
physical and thermal properties of 8 MeV electroradiated HPMC
Polymer films [121]. Harees#t al. have reported changes in structural and

thermal properties of lexan polycarbonate [122].

The detailed literature survey indicates that necadte studies are
reported for polyaniline composites of MnWy@nd CaWQ@ nanocrystals.
The influence of high energy electron beam irradimbn the structural and
physical properties of MnWQ and CaWQ nanocrystals and their
polyaniline composites is sparse. Electron bearadiation of PANI-
MnWO, CaWQ, may help in the curing of these materials so thay can
be used for applications like electromagnetic slnigj, antistatic coatings

and microwave dielectrics.
1.2 Statement of the research problem

Several studies were conducted on the synthesislaardcterization
of MNWQO, and CaWQ@ nanoparticles. To date, no studies have been
reported on the structural, optical and electrimadperties of polyaniline
composites of nanophase Mn\Wahd CaWQ. Hence, more extensive and
systematic studies on the structural, optical dedtecal properties of these
nanocomposites are needed. Also, studies on influerichigh energy
electron beam irradiation on the structural, optaoad electrical properties
of MNWQO, and CaWQ@Q nanoparticles are sparse. In order to throw more

light on the influence of high energy electronraeradiation on MNWQ
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CaWQ, and their polyaniline composites, systematic itigasion based on

various characterization tools are required. Tres@nt research is mainly

focussed on the synthesis, characterization anctirefe beam irradiation

studies of nanocrystalline MnWOand CaW@ and their polyaniline

composites.

1.3 Objectives of the present research

The main objectives of this research work are:

Vi.

16

Synthesis of MNWQ@and CaWQ nanoparticles by simple chemical
precipitation method.

Investigation of structural, optical and electrigabperties of the
synthesized nanocrystalline MnVWy@nd CawQ.

Study of the effect of calcination temperature tmictural, optical
and electrical properties of MnWOand CaWQ tungstate
nanoparticles.

Study of the effect of 8 MeV electron beam irraidiat on the
structure, optical and electrical properties ofow@amgstalline MnWQ
and CaWwQ.

Synthesis and characterization of polyaniline cositps of
nanocrystalline MnW@and CaWQ by in situ chemical oxidative
polymerization.

Investigation of the influence of high energy elent beam
irradiation on polyaniline composites of nanocrifsta MNWO, and
CawQ.
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Chapter 2
MATERIALS AND METHODS

An overview of materials used for the chemical bgsis of samples,
experimental methods and various characterizagohrtiques adopted are
presented in this chapter along with a brief desiom about the theory and

procedures related to various studies.
2.1 Materials
Chemicals used to synthesize different samplebsieel below.

(a) MnWO, nanocrystals: Manganese chloride (Mpdh,O, 99.8%,
Sigma Aldrich) and sodium tungstate (M&,.2H,0O, 99.9%, Alfa

Aesar).

(b) CaWQ nanocrystals: Calcium nitrate (Ca (R@4H,O, 99.8%,
Sigma Aldrich) and sodium tungstate (M&O,.2H,0, 99.9%, Alfa

Aesar).

(c) Polyaniline nanocomposite: Aniline {8sNH,, 99%) as monomer,

ammonium per sulphate (APS), (NE5,05, 98.5% from Merck as
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oxidant, hydrochloric acid (HCI, 37%, Sigma Aldrjcas dopant and

nanocrystalline tungstates obtained by chemicalipitation.

All the chemicals used are of AR grade and distilieater is used to

prepare solutions.
2.2 Synthesis methods

The synthesis employs chemical precipitation metfigd] for the
fabrication of nanocrystalline tungstates. Polyagrilnanocomposites of
tungstates are prepared@situ by the oxidative polymerization [3-5]. Brief
descriptions of each of these methods and the agpa of powder

samples are given in the following subsections.
2.2.1 Chemical precipitation

In this method, particles are precipitated fronuemys and ionic
solutions of the reactants when they are allowedetxt in a controlled
manner. When the solution becomes supersaturdtedjucleation begins.
The tiny particles grow with time and get precifgth The size and shape
of the particles formed depend on several factarshsas pH value,
concentration, temperature and pressure. So thaicakkinetics has to be
controlled in order to produce nanoparticles regpirfor specific

applications.

The precipitate is separated from the supernatayt careful
decantation, which is again stirred in distilledteraand allowed to settle

down. This process is repeated several times tarensigh purity. The

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Materials and Methods

precipitate obtained is then dried in a hot-airroa 70°C for 24 h. The

dried product is then well powdered using an agaigar.
2.2.2 Chemical oxidative polymerization

Conventional chemical synthesis of conductive palyze is based on
the oxidative polymerization of aniline using andant in the presence of a
strong acid dopant. Tungstate nanoparticles disdeirs a suitable solvent
are added in portions during the polymerizationcpses to synthesize
polyaniline nanocomposite. The properties of thealfiproduct greatly
depend on the type of dopant, temperature, coratéorirof the reactants
and polymerization time. In this work, all the dyesis procedures are

performed only at room temperature.
2.3 Characterization techniques

A number of characterization techniques are aviildab explore
various properties of the nanomaterial. The therstelility of the sample
Is studied using thermogravimetric analysis (TGAliiferential thermal
analysis (DTA) and differential scanning calorinyetibSC). The structural
characterizations of the materials are performeghgupowder X- ray
diffraction (XRD), scanning electron microscopy (#Eand transmission
electron microscopy (TEM). The elemental detaile abtained from
energy dispersive X-ray spectrum (EDS). Fouriengfarmed infrared (FT-
IR) and Raman spectroscopy are used to determiffieredit vibration
modes, which in turn reveal different bonds and fien@l groups in the

material synthesized. These methods can also gieemation about the
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purity of the material. The optical properties atedied using UV-Visible

(UV) and photoluminescence (PL) spectroscopy. k shbsections, the

principle involved in each type of analysis and dle¢ails of the instruments

used are shortly described.

2.3.1 Thermal studies

Three methods namely TGA, DTA and DSC are geneeatiployed

in order to determine the changes occurring to exigsgen as a result of

heating from room temperature up to certain higmperature [6]. The

principle involved in each of these methods is dbed below.

(@)

(b)

30

TGA measures the weight loss occurring to a sample function of
temperature or time in comparison to an inert efee sample,
when both are heated in a furnace. Also, the rathainge of weight
in relation to temperature or time can be recordsidg derivative
thermogravimetry (DTG) [7]. From DTG, it is pos®lb determine
each of the temperatures at which a thermal evertorhes
prominent. The thermogram helps in drawing conolusi about

changes like dehydration, decomposition and criyzaibn.

DTA detects the temperature difference between stémaple and
reference as a function of temperature or timetdube evolution or
absorption of heat accompanying a thermal everhensample. In
such cases heat energy flows out or into the nahtender test

producing a temperature difference between the Eangnd
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reference. From the nature of the DTA curve, it banconcluded

whether physical or chemical change is exothermenolothermic.

(c) DSC monitors the heat flow into the sample to nsmtconstant
temperature between the sample and reference. @deflow into
the sample peaks at a particular temperature. fidaeunder the time
versus heat flow curve gives the enthalpy involvethe process. In
a similar manner other thermal effects like dehiyydra evaporation,
sublimation, chemical decomposition, crystallizatiamd phase

changes can be interpreted.

In short, both DTA and DSC are complementary toAT{& the
thermal characterization. A simultaneous thermahlymer STA 6000
(Perkin Elmer) is used for the thermal analysise Sample is heated from
40 to 900 °C at 10 °C/min. Weight of the sampleetaks about 10 to

20 mg.
2.3.2 X-ray diffraction

The interatomic spacing in crystals is of the orolethe wavelength
of X-rays (0.5-2.5 A). So, a crystal can act ahiree¢ dimensional grating
for producing a diffraction pattern. When X-rayg ancident on a crystal,
their electric field components interact with atonglectrons in different
parallel crystal planes and they undergo elasittedng. X-rays scattered
in certain specific directions get superposed tmipce a diffraction pattern

obeying Bragg’s law represented by the relatiof][8,

2dsin 6 = nA, (2.1)
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where d is the distance between adjacent crystal plafethe angle of
diffraction, n the order of diffraction and the wavelength of incident
monochromatic X-ray. The scattered X-rays carryiimfation about the
arrangement of atoms within the crystal. Also, th&nsity is found to
depend on the inter-planar spacing and incidentewanwgle. The orderly
arrangement of atoms produces intense peak. XRDerpatcontains
information regarding crystal structure and latjiegameters. Any stress or
strain occurring to a material’s crystal structui# be reflected in the peak
position. The stress strain analysis can be peddriio draw certain
conclusions regarding the material properties. Modéray diffractometer
is equipped with computer programs to generatenedrmation pertaining

to a crystal.

In powder XRD, the sample is taken in fine powdsnf, and each
powder particle is polycrystalline. The output betXRD experiment is
generally obtained as a plot of 2ersus intensity of the diffracted beam.
Average patrticle siz® is calculated from the XRD plot using the Scherrer
equation [10, 11],

kA

" Bcosh’

(2.2)

wherek is a constant known as shape factor which is apmaiely 0.89
for spherical shapel= 1.5406 A is the wavelength of Cu, Kadiation and
B the full width at half maximum of the peak 2 value. The crystal

phase, crystal planes and unit cell parametershef damples can be
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determined by comparing the XRD pattern obtainettt siandard data files
of the Joint Committee on Powder Diffraction Stanidg(JCPDS).

In this research work, the powder samples areyaedl using the
Advance X-ray Spectrometer AXS Bruker D8. The X-sayirce is a sealed
tube with a copper anode operating at a generatitage of 40 kV and a
current of 35 mA. The Cu Kradiation {= 1.5406 A) filtered by Ni is
incident on the sample. Intensity is measured ag&hangle in the range

of 10-80°.
2.3.3 Scanning electron microscope

In order to investigate the surface features of aenmal and the
distributions of particles on the surface, a scagrelectron microscope is
used. High magpnifications of the order of t@n be attained in SEM which
Is not possible with an optical system. A SEM cstssof an electron gun, a
condenser lens and an objective lens to producelectron probe. A
scanning coil scans the electron probe over thiaseiof the specimen. All
these components are situated in a highly evacuatednn. The specimen
holder is also kept under vacuum. There is a datextstem to detect the
secondary electron signals coming from the speciswgface. The signals
are then fed to the display system as intensityutadichg signals [12]. The
intensity of signals from different atoms and diffiet topographies are
different. The contrast in the final image représehe surface features like
the size and shape. It also gives a picture ofltkieibution of particles on

the surface of the material.
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There are SEMs with any of the three types of edactjuns, namely
thermionic emission (TE), field emission (FE) anth&tky emission (SE)
guns [13]. Ultra high vacuum of the order of®1Pa is needed for FE. The
advantage of FE gun over TE gun is that it requr@seating. Hence, FE
gun produces only lesser energy spread. Anothearadge is that the
electron probe is narrow (5-10 nm) compared to oh&tE (10-20um). For
these reasons, a Field Emission SEM (FE SEM) igl useget high
resolution image. SE gun requires high electritdfias well as heating,
hence energy spread is more. But, larger probecumakes it possible to

observe properties other than surface features too.

The surface micrographs of the samples are takeg U8 OL Model
JSM-6390LV scanning electron microscope (resold8dhnm). A double
sided carbon tape is lightly covered with fine sEmpust. Using a
sputtering unit it is coated with a thin layer ofldjto avoid charging effect
and is then placed on a metal stub. In some cadese high resolution
images are needed, FEI Nova NanoSEM 450 (FESEMiutesn-1.8 nm,

high vacuum, 3 kV) is used.
2.3.4 Energy dispersive X-ray spectrum analysis

The X-rays emitted from the sample due to its ext@on with high
energy electron beams are characteristic of the tfpelements producing
them. Hence, an energy dispersive X-ray analysperformed to find out

the different elements present in a sample. Often facility for EDS
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analysis accompanies a SEM set up. In this stud@L Model JED —
2300 and BRUKER X Flash 6/10EDS detectors are eyeplo

2.3.5 Transmission electron microscope

The shapes and size distribution of the partiahea sample can be
studied using transmission electron microscope. [IH¢ crystal lattice and

defects can also be analysed when TEM is useckipritper mode.

In a TEM set up, electrons from an electron gunaucelerated by
several hundred kilovolts and are controlled bystesm of electromagnetic
lenses [15]. The whole electron system is kept uhig vacuum (10 Pa).
The electron beam is transmitted through a thiredgy 500 nm) of the
specimen placed between the condenser and obje#invges. Many
electrons passing through the sample suffer neadsgtic scattering and
emerge in different directions. They carry informoat regarding the
nanostructure and distribution of particles wittiie sample. TEM images
can be obtained from the display unit attachedhé&odetecting system. The
extent of details collected depends on the wavétheofthe electrons in the
incident beam, the beam size and the aberratioffideats of the lenses
used. The beam size can be controlled by usinguapsrat different stages.

The wavelength of electrons is given by the equdti®],

0.0388
A= nm,
Vv

(2.3)

whereV is the accelerating voltage expressed in kV. 30@ kV TEM this

wavelength turns out to be 0.0027 nm.
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The electron beam transmitted through the specicogmains both
scattered (diffracted) and the direct beams. Depgndn the mode of
operation, different contrasts can be developetEN images. Real space
image can be obtained when the TEM is operatetienrhage mode and
diffraction pattern (reciprocal space) in the ditfion mode [17]. In the
former case, the diffracted electrons emerging fribra specimen are
screened from reaching the image plane with the biehn aperture and the
image obtained is called bright field image. In thder case, the direct
beam is blocked and the image captured is a del#t fimage. The bright

field imaging method is widely used in analysis.

Crystal lattices can be imaged using high resolufiBM (HRTEM)
technique [17]. Unlike bright and dark field imagjnwhere one electron
beam is used, an HRTEM utilizes many beams for ingagro facilitate
this, a very large aperture is selected. In theeaanaging is achieved by
the phase difference contrast between the direaiband the scattered
beam [17, 18]. The diffracted beams interfere \iih direct beam and the
phase difference is imaged. It is possible to dwmclusions on lattice
spacing, orientation and various types of lattieéedts by closely studying

the HRTEM image.

Diffraction pattern due to large area of the spetiroan be recorded
using selected area electron diffraction (SAEDY. thés, a large area of the
specimen is illuminated with a parallel beam andaperture placed in the
first image plane selects an area of interest. Ringattern of spots

corresponds to single crystalline, ring patterpadycrystalline and highly
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diffused to amorphous samples. From the detaithenSAED pattern, the

structure of the specimen can be confirmed.

In TEM analysis, the powder sample is first susjgenih ethanol or
water by ultrasonication. It is then coated on oarboated copper grid by
drop casting. In the present study, TEM analysesdane using the JEOL
JEM 2100 accelerated by 200 kV. This instrument &asesolution of
0.24 nm.

2.3.6 Fourier transform infrared spectroscopy

A routine test to identify the different functionagroups and
chemical bonds present in a specimen are carriedsiog an infrared (IR)
spectrometer. Infrared radiations have lesser gnitrgn visible light and
their interactions with the specimen can causeta&xon of the chemical
bonds to various vibrational energy levels that\eag close to each other.

Only molecules having a net dipole moment are Rac

FIXED MIRROR
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R | / - ” MOVABLE
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SAMPLE DATA AQUISITION
& PROCESSING
¥

DETECTOR

Fig. 2.1Schematic diagram of FTIR spectrometer
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A simplified schematic diagram of a modern IR spmuoeter is shown
in Fig. 2.1. It makes use of the help of a Michelsointerferometer. A
beam of radiations emitted from an infrared sousceplit into two beams
by the beam splitter. Path difference can be iniced between the two
beams by adjusting the movable mirror. In the fistages they interfere,

pass through the sample and the intensity is deteag electrical signals.

A plot of light intensity versus optical path difénce
(interferogram) for a mirror moving back and fodhce (one scan) from
the beam splitter is obtained. Sometimes severdl suans are taken and
averaged to obtain the final spectrum. To each wawidber there

corresponds a Fourier frequency (F) given by thedion [19],
F =2vW, (2.4)

wherev is the constant velocity of the moving mirror img' andW the
wavenumber in cih In FT-IR spectrometer, interferograms in the time
domain are Fourier transformed to frequency domé&ipectrum of the
sample is corrected for background radiations. ®bgut of the FTIR
analysis is obtained as a plot of percentage trdtassioe versus

wavenumber.

In this research work, FT-IR spectrum is recorded Thermo
Nicolet, Avathar 370 spectrophotometer in the IRva&vamber range

(4000-400 crit) having a resolution of 4 ¢
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2.3.7 Raman spectroscopy

Raman spectroscopy is another method by which ioot and
vibrational spectra of molecules are studied. Therkimg of a Raman
spectrometer is based on the inelastic scattefimgomochromatic light by
transparent materials, an effect that was discovére Chandrasekhara
Venkata Raman in the year 1928 [20]. According l@sgical theories,
molecules showing variation in polarizability agithvibrationsare Raman-
active. For this reason, diatomic molecules likedd N, become Raman-
active. Unlike IR spectroscopy discussed above, revhabsorption of
radiation is utilized, Raman spectroscopy makesaiiseelastic scattering
of light. The scattered light contains informatiamout the particular bond

or functional groups present in a specimen.

Foorgy A
E A A
States
Stokes Anti-Stokes
Raman Raman
Scattering Scattering
5
Vibration 4
Energy 3
States 2
v 1
4 Y Y 0
Infrared Rayleigh
Absorption Scattering

Fig. 2.2Schematic of different optical processes relabeddaman effect
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The Raman scattering is represented schematicaliig. 2.2. The
major part of the scattered light is due to ela@®ayleigh) scattering. The
intensity of the Raman scattered light (Stokes amd Stokes lines) is very
low and is usually detected by suppressing theng#eelastic scattered
components. Stokes lines are re-emitted light ftpaifrequency lower than
the incident radiation. This happens when energhpss by the incident
radiation in the excitation-deexcitation processie Tmolecule is first
excited from a ground state vibration level to &ual state and then it
returns to a vibration level above the original ratibn energy level by
emitting the Stokes line. The anti-Stokes linegiodate when the excitation
begins from a level above the ground state. Whenetkcited molecule
returns to the ground state, the emitted light hmmse energy than the
Rayleigh scattered light. Since the origin of exiodin leading to Stokes line
is from a vibration level lower than that for thatieStokes line, the
occurrence of Stokes line is more probable. Hestidkes lines are more
intense and are easily detected than anti-Stokes The difference in
energy between the Rayleigh and Raman scatterbt Hagppens to be in
the infrared region. The corresponding frequendfeince is the Raman

shift which is usually expressed in wavenumber (omit?).

In this study a BRUKER RFS 27 FT-Raman Spectromistersed
for the Raman studies. It is a multi RAM stand alemodel operating in the
spectral range from 4000 to 50 ¢aving a resolution of 2 ¢ The laser
source used is Neodymium-doped yttrium aluminiumnga (Nd: YAG)

operating at 100 mW power. It is a continuous laggh an output

40 Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Materials and Methods

wavelength of 1064 nm. Powder samples are takem metal plate for the

analysis.
2.3.8 Ultraviolet-visible spectroscopy

Light having wavelength in the range 200 to 400 ara called
ultraviolet light and those in the range 400 to 800 visible light. When
ultraviolet-visible (UV-Visible) light is passedritugh a material, certain
wavelengths that are characteristic of the matesia absorbed. The
working of UV-Visible spectrophotometer is based the absorption of
electromagnetic radiations by the sample in thexulbblet, visible and near
infrared range (200-1000 nm). Along with absorptiarcertain part of the
incident light gets reflected and another part gdtansmitted.
Measurements based on absorbance, reflectanceaarsinittance can be
performed by selecting suitable modes of operabibthe instrument. In
the modern instruments, it is also possible toyamesatliffuse reflectance of a
powder sample. By measuring absorbance againstlevegtes and plotting

graph, it is possible to calculate its optical bgayul

A schematic diagram representing the working of @-\lsible
spectrophotometer is illustrated in Fig. 2.3. Tparent solution of the
sample (S) in a suitable solvent and a referenogpkea(R) are taken in
quartz cuvettes. Light from a deuterium lamp andirggsten filament are
paralleled at mirror M After passing through a filter and monochromator
the light is divided into two beams by the beamittgsl One beam after

reflection at mirror M passes through R and the other through S. The
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transmitted beams are detected by photodiodes (FPD¢. signals are
digitized using A to D converters and then finajlyocessed by the
computer. The output is obtained as a plot of di@sure versus wavelength

in nanometres.

AtoD
converter

AtoD

I Mono- HE
1 ] converter

'y chromator

Beam
Splitter

Filter

Computer

Tungsten Filament

Fig. 2.3Working scheme of a UV-Visible spectrometer

The optical absorption spectra of the samplesrecterded using a
Shimadzu UV-2600 in the spectral range 200-1000 Innthis instrument
reflectance of powder samples can be measuredhanabisorbance can be

obtained through Kubelka Monk transformation.
Bandgap determination

Absorption coefficients of powder samples for aegiwavelength
range can be obtained from the reflectance measnsniy the Kubelka
Munk transformation [21]. The bandgap of the mafes estimated using

the Tauc (1974) relation [22],

ahv = A(hv — Eg)", (2.5)
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where 4 is a constant, the Planck’s constany, the frequencyk, the
energy gap anch is a constant associated with the kind of eleatron
transition @ = 1/2 for the direct allowed,n =3/2 for the direct
forbidden,n = 2 for the allowed indirect transition and= 3 for the
indirect forbidden). (ahv)Y/™ versushv curve has a linear region, which
when extrapolated teehv)!/™ = 0 gives the value corresponding to energy
gap.

2.3.9 Photoluminescence spectroscopy

In photoluminescence, materials absorb electrontagmnadiations
like X-rays, UV or visible light and re-emit liglof a longer wavelength. If
the re-emission takes place within ®lGecond, the process is called
fluorescence and if it takes longer time it is gilawescence. PL spectrum
of a pure sample is the characteristic of that rmeltdt is greatly affected
by the presence of defects and impurity levels iwithe forbidden gap.
Various intermediate steps involved during the &ticn- deexcitation
processes are depicted in the energy level diagrdfiy. 2.4. 3, S, and S
are singlet states and T, a triplet state. A mdéabsorbing high energy
radiation is excited to higher vibrational levelSpand from there it suffers
few vibrational relaxations followed by internalm@rsion and reaches the
top vibrational level in § Again after a few vibrational relaxations it
reaches the lowest state in Slere after there are two possibilities leading
to photoluminescence. In the first case, the mdéeemits radiation and

returns to the ground state. Such overall transstare sudden and results in
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fluorescence. In the second case, the electronundgrgo a spin flipping
so that the molecule is left in the state T. Thiscpss consumes little
energy and is called intersystem crossing. A maéecuhigher vibrational
level of T suffers vibrational relaxations and mtsathe lowest level. From
there the molecule returns to the ground state rhittiag radiations of

higher wavelengths.

S3
52

7 g Vibrational relaxation
and internal conversion
$1

Fed
P I
Energy Wﬁ Vibrational
_y em ? relaxation
crossing T _

Absorption Fluorescence Phosphorescence

S0 \ 4 A A

Fig. 2.4Optical processes associated with photoluminegcenc

A simplified schematic of a PL spectrophotometathvithe major
components labelled is shown in Fig. 2.5. The sousca high pressure
Xenon arc lamp. Monochromators are used to séhectexcitation and
emission wavelengths. Reflection grating is usethémonochromator to
disperse the different wavelength components. Eteatr used is usually
a photomultiplier tube. A computer controls thetiasient and helps in

data acquisition and processing.

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Materials and Methods

| SOURCE |

SPECTROMETER CONTROL
DATA AQUISITION
EXCITATION DATA PROCESSING
MONOCHROMATOR
T I
A
[ SAMPLE ]
Cﬂ:_b
= suT

EMISSION
MONOCHROMATOR DETECTOR [ AMPLIFIER ]

Fig. 2.5Schematic of a PL spectrophotometer

In the present work, a Horiba Fluoromax-4 is useddrry out the
photoluminescence studies. It is a spectrofluo@methich can operate in

the range 200-950 nm with a scanning speed 80 nm/s.
2.4 Electron beam irradiation

The powder samples are exposed to different ddseleciron beam
from a variable energy Microton. The propertiesh# bare and irradiated
samples are compared to draw important conclusmnghe effects of

electron beam irradiation.

In this investigation, powder samples are takepdlyethene covers
and irradiated at different electron dosgsing 8 MeV variable energy
Microton facility at the University of Mangalore, agalagangotri, India
[23]. This Microtron has a maximum pulse current6f mA and a pulse

rate of 50 Hz. An Image of this Microtron is shoimrFig. 2.6.
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Fig. 2.6 8 MeV Microtron at Mangalore University

The samples are exposed to the electron beamistiaack of 30 cm
from the exit port. The dose is uniform over anaacé 8 x 8 cmfy, as

determined by dosimetry.
2.5 DC electrical studies

In order to carry out the electrical studies, gtsllof radius 13 mm are
prepared out of the powder samples using a die arthnd operated
hydraulic press. A pressure of approximately 8-d@stis applied in all
cases. The thickness of the pellets is chosenitalsitype of electrical

measurements.

To determine the DC conductivity of highly resistisamples, a two
point probe method is used. For low resistivity plas, the resistance of
the probe wires and contact resistance introduce &r the measured value

of resistance. Hence, the collinear four point pratethod is used in such
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cases. The outer probes are used for sourcingutient and the inner ones
for measuring the voltage between two points onstmaple surface. Here
the voltage probes are separate and have diretaatsrwith the sample
only. Since the voltmeter has very high input rasise, only very minute
current will be drawn. Hence, errors due to thebprcand contact
resistances are greatly reduced. The instrumernt imsethe DC electrical

studies is Keithley’'s Model 2450 source meter.

PID Controlled Oven
With sample holder
and four rob vice ! '

Keithley’s Model

Baa Sequiinan 2450 source meter

Fig. 2.7Experimental set up for DC electrical studies

2.5.1 Resistivity equation for two point probe method

In the case of samples having uniform area of cresstion,

resistivity (p) is calculated using the equation,

p= 2 aom, (2.6)

t

whereRr is the resistancej the area of cross section anthe thickness of
the pellet. The reciprocal of resistivity gives tB& conductivity 6,.)

represented by the relation,

Oge = % mho-ni* (2.7)
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2.5.2 Resistivity equation for four point probe method

In the four points probe methaqdis calculated using the equation
[24],

p ==Ltk Q-cm, (2.8)

n21

whereV is the voltage/ the currentt the thickness of the pellet in cm and
k the geometric correction factor calculated for predlet and probes

used. The value ot depends on the ratio of thickness of the petiehe

distance between probes and also on the raticeadiimeter of the pellet to

the probe separation. Equation 2.8 is simplified a

p = 4532 - tk Q-cm (2.9)
Oy = % S-cnit (2.10)

2.6 Dielectric studies

The circular faces of the pellets used for dieledtudies are coated
with silver paste (a conductive coating). When b&attec field is applied
across a parallel plate capacitor, the medium batwihe plates gets
polarized. As a result of polarization, some of tiarges stored in the
plates get neutralized so that additional chargesbe stored in it. Thus, the
capacitance of the capacitor is greater with thesgmce of a medium
between the plates. The polarisable medium betweiplates, capable of

storing electric energy, is called a dielectric.
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Capacitance without dielectric
If a DC voltage is applied between the plates gbasallel plate
capacitor, charges will be stored in it and itsazagance without dielectric

IS given by,

e

C = 80?’ (211)

whered is the area of each platethe distance between the plates and
o= 8.854x 1072 Fmi'is a constant called the permittivity of free spac
Capacitance with dielectric

The capacitance with dielectric is given by,

C'= g2, (2.12)

wheres,. is the real dielectric constant or permittivity.

C' =¢C (2.13)

Complex dielectric constant

When an AC voltag® is applied to the capacitor, the total current
will be consisting of two parts- a charging currénand a leakage current
I.. The leakage current represents a loss relateldetalielectric constant.
The total current is given by,

I =V(jwCe, + wCs,)
I =V({wC) (e — jer)

I =V({jwl)s,, (2.15)
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wherejwCe, is considered as @onductance in parallel with the capacitor
representing the dielectric lossy, = 2rf ande, = ¢, — je, is the complex
dielectric constant. Thus, the complex dielectomstants, consists of a
real part e, representing energy storage and an imaginary part
representing the energy loss.

The electric displacement is defined by,

D = ¢E, (2.16)

where ¢ = g€, IS the absolute permittivity that measures thesmixiof
interaction of a material with an electric fidtd
Dissipation factor or loss tangent

The imaginary part of the complex dielectric canstis 90° out of
phase with the real part. Their resultant makearagies with the real part.

This is represented in Fig. 2.8.

rr

W

r

Er

Fig. 2.8Complex representation of dielectric constant
The dissipation factoD (loss tangent) is defined as the ratio of the
imaginary component to the real component of theiptex dielectric

constant and is expressed as [25],
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— (2.17)

The AC conductivityaf a dielectric sample is given by the rion

, (2.18)

In the presentvork, a circular parallel plate capacito made out o
the powder sample ; described in section 2.5. The expental set up t
perform dielectric masurements are shown in the Fig. 2.92 capacitanc
( ) and the loss tarent = ) are obtained from the measurents using al
impedance analyse Wayne Kerr 500B) by two points obe methoo
Readings are record in the frequency range of 100 Hz 10 MHz at
selected temperatur ranging from room temperature to 4<. Dielectric
constant , dielectricloss and the AC conductivity  of the simples

are calculated usingjuations 2.12, 2.17 and 2.18, respecti

Fig. 2.9 Experimental set up for dielectric studies
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Chapter -3

STUDIES ON STRUCTURAL, OPTICAL AND
ELECTRICAL PROPERTIES OF NANOCRYSTALLINE
MANGANESE TUNGSTATE

Nanostructured manganese has proved to be a muidenaterial
and possesses other interesting properties likeiditymsensing and
photoluminescence. Recently, catalytic, photogttaland antibacterial
properties of nanostructured MnVy@ave been reported in the literature
[1-3]. Many of the synthesis methods mentioned he titerature are
performed under harsh reaction conditions [4-9]er€fore simple and
economic preparation routes are needed. The stutihe effect of electron
beam irradiation on the properties of MnWi® not found in the literature.
The synthesis, characterization and the effect dfléd/ electron beam
irradiation on the structural, optical and ele@ticproperties of

nanocrystalline MnW@Qare presented in this chapter.
3.1 Synthesis of MNWGQ, nanoparticles

The morphology and particle size of the nanopa&sicdepend on the

pH value of the reaction medium, reaction tempeeasund time [4, 10, 11].
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Nanocrystalline maganese tungstate samples are prefg by reacting
agueous solutions onanganese chloride and sodium tungs (0.1M each
at room temperaturgl2]. In this study the synthesis is pemed at roon
temperature and thgH valueis close to 7 The reactants arélowly mixed
at the rate of aboul0 ml per minute while being stirrenell using &
magnetic stirrer. Theprecipitat (MNnWQO,) formed is collecte carefully by
decantation of the ernatant liqui that contained NaChnd wate. It is
again stirred with dtilled water. The settled MnW, partices are agai
collected after carefidecantation. To ensure the purity of tinal product,
the overall processs repeated five times, and finally 2 precipitate
collected is dried in.n oven at 70 °C for 24 h to get powc of MNWGC,.

The scheme of prepation of nanocrystalline MnW, is show in Fig. 3.1

MncCl,.4H,0 + Na,WO0,.2H,0
— MnWO, + 2NacCl + 6H,0

% (—) Decantation &
- ~ — Washing

Magnetic

stirrer Plecipitated
stirer Na,W0,2H,0 "ECld
MnCl,.4H,0 "

Slow drying in air
for 24 hours at
70-C

Nanocrystalline
powder of MNWO,

Grinding in
agate mortar

Calcination

'

Fig. 3.1 Scheme of preparation of MNWO
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Three powder sampléd,;, M, andM; are prepared by calcinations
for 3 h in a muffle furnace at 450, 600 and 750 P&€spectively. The
calcination temperatures are selected after pemgrrine thermal analysis
of the precursor discussed in the following sectibhe calcined samples
appear chocolate in colour with a little contrd$te sample Mis used for
the electron beam irradiation studib, is irradiated with electron doses of
5 and 10 kGy, as described in section 2.4 anddasgnated a¥l,(05) and
M 1(10), respectively.

3.2 Thermal analysis

Thermal stability of the sample is studied usingsimultaneous
thermal analyzer STA 6000 (Perkin Elmer). The samplheated from 40
to 850 °C at 10 °C/min. The TGA/DTA and DTG curwasthe thermal
degradation of the manganese tungstate precursosheown in Fig. 3.2.
They reveal three prominent weight losses centred®®01, 235.64 and
390.36 °C with an overall weight loss ©8.65 % in the temperature range

from 40 to 850 °C.

The first weight loss stefp~1.50 %) represents the physisorbed and
interlayer water. The second weight I@gsst.50 %) attributes to the loss of
structural water. Above 390.36°C, the third weilgisis of~ 2.60 % occurs
gradually due to the removal of remaining waterenaoles that are bound
strongly. The DTA pattern shows a prominent endotie peak centred on

236.64 °C due to the loss of structural water.
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* 390.36°C
-0.036 mg/min

92 235.84°C
-0.344 mg/min

164~ 0.00
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}-035
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Fig. 3.2TGA, DTA and DTG curves of MnW£precursor

3.3 Structural characterization of MNWO 4, nanoparticles

3.3.1 XRD patterns of MNWO, samples

The crystal structure parameters of

manganese tategs

nanoparticles are studied using Bruker D8 Advaneeydiffractometer

(1=1.5406 A) with Cu (K) radiation in the @ range from 3 to 70 Fig. 3.3

shows the powder X-ray diffraction patterns of skspof MnWQ

nanoparticles calcined at three different tempeeatu
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Fig. 3.3XRD patterns of MnW@sampledM ;, M, andM 3
The XRD patterns confirm that all the peaks of Mnyubserved
are well matched with the X-ray pattern of JCPD$d(¢0. 80-0135. Also,

MnWO, crystal structure belongs to wolframite type mdmic structure

with P2/c space group($, point group symmetry with two formula units
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per unit cell [5, 13-15]. The intense XRD peaks preduced due to the
reflections from the (100), (011), (111) and (OGxnes located at62
values 18.57, 23.57, 30.03 and 36.15°, respectiVdigse values are found
to be almost the same for the prominent peaksapksM, M, andM.
These results match well with the values givenha XRD pattern of
JCPDS Card No. 80-0135 for MnWOThe correspondingl values are
4.78, 3.74, 2.97 and 2.48 (A); 4.77, 3.74, 2.97 248 (R); 4.77, 3.74, 2.96
and 2.48 (A), for the sampléd,, M, and M3, respectively. The particle
size is estimated from the Scherrer equation (Zhg average crystallite
sizes obtained are 26.03, 31.74, and 39.72 nmhieosampled1,, M, and
M, respectively. At higher calcination temperature, DXIRatterns show
much sharper peaks because of the increase iroibe particles due to

coarsening.

The lattice parameteis b andc are calculated from thé-spacing

for peaks having Miller indice@ikl) using the equation [16],

d2  sin2p

1 1 h%?  k2sin? 12 2hlcos
(£ Ksnte & aicosg
a b2 c2

), (3.1)

ac
for the monoclinic unit celld # b # ¢, # 90°). The unit cell volume is
calculated using the equation,

V = abcsin B, (3.2)

The unit cell parameters and volume recorded inJIBBDS file No. 80-
0135 for MNWQ, and the values calculated for the samplesM, andM ;

are given in table 3.1 for comparison.
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Table 3.1Structural parameters of MnW®amples

Unit cell parameters (A) g Unitcell Crystallite
Sample (degree) volume size
a b C g (AS) (nm)
JCPDS

Card No. 4.7766 5.6810 4.9605 91.19 134.58 --
80-0135

M 4.7781 5.6848 4.9660 90.33 134.89 26.03
Mo 4.7335 5.6788 4.9652 89.94 133.47 31.74

M3 4.7734 5.4567 4.9626  89.80 129.26 39.72

From the data tabulated, it is seen that the wtitvolume decreases
and the particle size increases as the calcindBamperature increases.
Also, both the lattice constants and the interfaaiagle f get slightly
reduced upon increasing the calcination temperafline heat treatment
results in the increase of crystallite size, whalso results in lattice
contraction as well as slight deformation of thitida. But, the increase in
intensity of XRD peaks suggests improvement in ¢hestalline nature
upon increasing the calcination temperature.

3.3.2 XRD patterns of electron beam irradiated MnNWQO, samples

XRD patterns of sampled ;, M,(05) andM ((10) are shown in Fig.
3.4. Crystallite size and structural parameterscateulated as described in
section 3.3.1. The average sizes obtained for ssmdh, M,(05) and
M1(10) are 26.03, 23.47 and 24.46 nm, respectively. Thgpmpaeak
corresponding to (111) plane is found to split doeelectron beam

irradiation. With irradiation, planes have thenfeliént distances and cause
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different Bragg angles leading to the splittingtioé prominent peak. The

suppression of peaks below 30° is due to creaficiefects affecting them.

2640
1760

880

Y
=]
0
o

720

360

Intensity counts

1080 | -

720 | M, (10)

360

10 20 30 40 50 60 70
20 (degree)

Fig. 3.4XRD pattern of MnWQ@sampledV 1, M1(05) andM 1(10)

Structural parameters calculated for the unirradiadnd irradiated
samples are given in Table 3.2. It is seen thattrele beam irradiation
causes slight decrease in the crystallite size. d¥ew the electron
irradiation results in lattice expansion for themgpdes (Table 3.2). The

reason for the expansion is inhomogeneity in thitecastrain introduced by
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the electron beam irradiation [17]. In short, theceon beam irradiation on

theMnWO, samples causes modifications in the structurarpaters.

Table 3.2Structural parameters of MNW@G@amplesvi;, M;(05) andM 1(10)

Unit cell parameters Unit cell Crystallite
Sample (A) B (degree) volume size
a b c (A3 (nm)

JCPDS
Card No. 4.7766 5.681 4.9605 91.19 134.58 --
80-0135

M, 4.7781 5.6848 4.9660 90.33 134.89 26.03
M1(05) 4.7864 5.7946 4.9706  90.22 137.86 23.47

M1(10) 4.7729 5.7972 4.9740 89.90 137.63 24.46

3.4 Vibration spectroscopy of MNWO, nanopatrticles

The surface chemistry of the samples will affeceirthlattice
parameters and in turn their vibrational properfiel]. Such conclusions
are possible by carrying out the FTIR and Ramadistu There are 36
possible modes of vibration in MnW@ccording to the group theory. They
are given by the equation [18],

Iikamansinfrared) = 8Ag + 10B; + 84, +10B,  (3.3)

Out of these modes, 18 even modes given by the equation,

[ramany = 84, + 10B,, (3.4)
are Raman active [19]. In equation 3.3, fifteerde®(4, and8B,) are IR
active. The acoustic modes (oAg and twa,,) are eliminated [19]. FTIR

spectroscopy is used to investigate the formatioMoWQO,. While, the
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Raman spectroscopy is used for identifying the edéiit modes of

molecular vibrations in MnW@molecule.
3.4.1 FTIR spectroscopy of MNWO,

The FTIR spectra of the MnWQOsamplesMi, M, and M3, are

recorded using Perkin Elmer Spectrum 400 (FTIR).

100 |
80 4=
60 -

40 -

% Transmittance

20

790
583 Ko

0 -

" I L 1 " I . 1 ' I L 1 . I
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 3.5FTIR spectra of MNW@sampledM ;, M,andM3

The Fig. 3.5 shows the FTIR spectra of the Mn\Wfanoparticles
prepared. These spectra give information on theacheristic bonds present
in the tungstate group. The broad absorption bardd@7 cn' is a sign of
the presence of O-H bond due to the surface hydraif the sample and
the band at 1626 chis caused by the H-O-H deformation vibration [g]. 20

The spectrum indicates intense absorption peakg®t583, 790 and 880
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cm* in the range 400-1000 ¢hi5, 21]. The 880 cih absorption peak is
assigned to the anti-symmetric stretching vibratiothe [WQy] group. The
bands at 790 and 583 ¢nare caused by the stretching vibration of W-O
bond. It is reported that this band should be fatm#nen the size of the
particle formed is small [22]. The band at 449'coan be assigned to the
bending vibration of the W-O bond [23]. The smdifferences in the
positions of the absorption peaks are due to tfierdnce in the preparation
conditions, and slight variations in the unit cetlumes caused due to

strains and distortions in the lattice.
3.4.2 Raman spectroscopy of MnWQ

Raman spectra for samplés;, M, andM; are shown in Fig. 3.6.
Careful observation of the data shows eighteen Ramades in the range
100-1200 crit at room temperature. The most intense Raman beerd at
880 cm' ( Ag) originates from the symmetric stretching vibratif a short
terminal W-O bond [24]. The bands at 776 cB;) and 692 cril ( 4})
are due to the asymmetric stretching vibration aghart terminal W-O
bond. The modes at 675 ¢n{ B;) and 547 crit ( A;) are due to the
asymmetric stretching modes of longer W-O bond. fitwele at 394 cih
(Ag) is due to the deformation vibration of short We@nd. Modes at 547
and 514 crif are due to the symmetric stretching vibrationasfger W-O
bond. Modes at 361, 317 and 297 care due to the vibrations of Mn-O

[12]. Other bands are contributed by inter-chaifodeation modes and
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lattice modes [11]. Raman modes of Mn\{W&amples along with their

reported values are presented in Table 3.3.

Fig. 3.6 and Table 3.3 show a shift in wavenumli¢h® major band
from 880 to 869 c, as calcination temperature is increased from t450
750 °C. This shift is due the lattice contractibat has occurred due to the

increase in the particle size, as is evident froenXRD studies.

7x10°
MnWO4

869

6x10" -

5x10° -

880

4x10° 1 ﬁ

3x10° -

Intensity (a.u.)

2x10° 4

1x10° 1

T T
600 800
Raman shift (cm")

T T
200 400

Fig. 3.6Raman bands of MNWGampledM;, M, andM 3

It can be seen from Fig. 3.6 that line broadenifigthe peaks
decreases with increase in calcination temperaitutésating a reduction in

crystal defects [25]. This observation is in acemwke with the XRD results.
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Table 3.3Comparison of Raman modes of Mn\With literature values

Raman shift (cri)

Virggiltieosn Literature [18]
M, M, Ms
B, 90 79 82 89
A, 117 129 128 129
B, 159 161 154 160
B, 168 167 169 166
B, 172 171 174 177
A, 190 205 205 206
B, 262 265 269 272
A, 247 252 252 258
B, 297 290 293 294
A, 317 327 320 327
. 361 369 354 356
A 394 393 395 397
B, 514 506 508 512
A 547 528 535 545
B; 675 653 662 674
A 692 688 695 698
B, 776 762 769 774
A 880 871 869 885
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3.4.3 Raman spectroscopy of electron beam irradiated Mn\W,

samples

Raman spectra for the bare and irradiated sampleMmWVO,
nanoparticles are shown in Fig. 3.7. All the Ramamnds obtained are listed
in Table 3.4. The Fig. 3.7 shows that intensity ahdrpness change upon
increasing the dose of electron beam irradiation. the electron beam
irradiated samplell (05) andM 1(10), the peaks are broadened indicating a
weak phonon confinement [25]. This broadening is the creation of a
number of defects caused by the electron irradiaflinis observation can
be related to the small increase in the unit cellme with increase in the

electron dose in the irradiated samples.

5x10*
MnWO, o
[=v]
o0
4x10*
3
I 3x10%
=
wn
=
D 2x10%
=
- -+
-3
1x10* M,
[ ]
(1]
M,(10)
0_
M., (05)
I ' 1 ' I ' I ' I
200 400 600 800 1000

Raman shift (cm™)

Fig. 3.7Raman bands of bare and electron beam irradiatey®} samples
The change in intensity of peaks may be due taatian in measurement

conditions.
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Table 3.4Raman modes of bare and electron irradiated MaWO

Vibration modes

Modes observed (ch) in samples

M, M,(05) M;(10)
B, 90 89 87
Ay 117 116 123
B, 159 159 159
B, 168 157 161
B, 172 171 174
Ay 190 188 194
B, 262 265 269
Ay 247 246 244
B, 297 290 293
Ay 317 312 317
B, 361 349 354
A 394 387 386
B, 514 506 508
A 547 525 530
B; 675 633 642
A 692 676 682
B; 776 756 752
A, 880 860 864
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3.5 Electron microscopy

Electron microscopy techniques are employed to rowte the
morphology, shape, distribution and compositiomahoparticles. These

studies include SEM, EDS and TEM analyses.
3.5.1 SEM analysis of MNWQO, samples

The SEM image of sampléd,, M, andM; are shown in Fig. 3.8.
Particles of irregular size and shapes are visibtbe image foM,. In the
SEM image forM,, slightly agglomerated clusters are visible. Impke
M 3, clusters of rod shaped structures are formed. Fhisrobservation, it is
obvious that morphology changes on increasing mafitin temperature.
Thermal recrystallization and growth in certairediions lead to changes in

shape and size [26].

The SEM micrographs of the sampMs, M,(05) and M 1(10) are
shown Fig. 3.9. Irregular shaped clusters of pagitooking like flakes and
granules are seen in the SEM micrographs of theadiated sampl® ;.
The changes in the morphology of samples due wrele irradiation at 5
and 10 kGy doses are clear from the SEM imaged ©05) andM ,(10),
respectively (Fig. 3.9). A slight decrease in mdetisize is observed in the
XRD results for electron irradiated samples, a<ulesd in section 3.3.2.
Though the patrticle size is reduced, aggregatiopanficles forms large

sized clusters.
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Fig. 3.8SEM micrographs of MnW©samplesvi1, M, andM 3
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In Fig. 3.9, the irradiated samples appear to lwagp with lot of pores.
After exposing to electron beam, the aggregatiothefparticles is found to
be slightly greater. Thus, the surface morpholagsiightly modified in the
irradiated samples.

3.5.2 EDS of MNWO,

The elemental analysis of the sample calcined @t@%HM ) is done
using a JEOL Model JED — 2300 and BRUKER X FlashO6EDS
detector. Fig. 3.10 shows typical EDS pattern ef sgnthesized MnWQO

nanoparticles.
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Fig. 3.10EDS of synthesized MnW{hanoparticles
The peaks in the EDS pattern confirm that the ptbdantains Mn,
W and O. Besides, 3.23 mass % of impurity elemenisbserved, which

is from the Lacey Cu grid. In no other parts of ehgeriment, during the
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synthesis or the curing thereafter copper relatedpounds are used. The
intense signal near 2 keV indicates that Mn isrtiagor element. The mass

percentage and the atom percentages of the sanepigvan in Table 3.5.

Table 3.5EDS data of MNW@sampleVi

Element Series (keV) Mass% Atom%
O K 0.525 7.91 39
Mn K 5.894 18.78 26.95
Cu K 8.04 3.23 4.01
W M 1.774 70.07 30.04
Total 100 100

3.5.3 TEM analysis of MNWOQO,

TEM images of sampl#&, are shown in Fig. 3.11. TEM images of
MnWO, nanoparticles (Fig. 3.11a & b) show that the pkas exhibit bar
like shape [12]. The nanobars get arranged in icedaections. In this
assembly some of the bars are almost longitudwlaile others are in the
transverse direction. Most of the particles arel@yggrated. It is reported
that such an aggregation occurs due to surfaceenmsr Van der Waal’s
forces and grow along [100] direction [15]. The @age width of the
particles is found~78 nm. HRTEM image of the sample is shown in Fig.
3.11 (c). Averageal value obtained from HRTEM is 0.29 nm. The plane
corresponds to (111) plane corresponding the peéaB0% in the XRD
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spectra. Selected area electron diffraction pat(@&ig. 3.11 d) clearly

indicates polycrystalline nature of the Mn\A@noparticles [12].

Fig. 3.11TEM images of MNW@sampleVi

3.6 Optical properties

The absorptive and emissive properties of bare afettron
irradiated MNnWQ samples are investigated in the optical study.

3.6.1 UV-Visible absorption studies inMnWO 4samples

Fig. 3.12 shows the UV-Visible absorbance spectravlaWO,

samplesM 1, M, andMs;. From the results, it can be observed that all the
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samples have broad absorption peak. The absorpéaks of samplebi,

andM ; are slightly shifted towards the longer wavelengthion.
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Fig. 3.12UV-Visible spectra of MnW@samplesvi;, M, andM 3

Optical bandgap is determined from the Tauc plst,d&scussed in the
section 2.3.8. The direct bandgap values obtainegdmplesvi,;, M, and
M3 are 2.63, 2.58 and 2.54 eV, respectively (Fig. 38.T8is increase in
bandgap with decrease in particle size confirme sffect [12].

The UV-Visible absorbance spectra of Mn\W&e due to a metal-
to-metal charge transfer. In MnWOthe patrtially filled 3d orbital of the
Mn?* ion acts as the highest occupied molecular orifi#@®MO) and an
electron from this level is transferred to the wngued anti-bonding W 5d

states [27].
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Fig. 3.13Tauc plots of MNWQ@ sampledM ;, M, andM 3

MnWO, nanoparticles are useful for photocatalytic ageegitas their
bandgap energy values are comparable to the eonénggible or UV light
photons [25].

3.6.2 UV-Visible absorption studies of electron beam irrdiated
samples

The absorption spectra of samplbs, M(05) and M,(10) are
shown in Fig. 3. 14. An increase in absorbancebseoved in irradiated
sampledvi1(05) andM ((10) The optical bandgap values obtained from the
Tauc plots (Fig. 3.15) for sampl®$,, M,(05) and M (10) are 2.63, 2.79
and 2.73 eV, respectively. It is seen that the bapdof MnWQ
nanoparticles shifts from 2.63 to 2.79 eV as plrsze reduces from 26.03
to 23.41 nm and from 2.63 to 2.73 eV as size reslfieen 26.03 to 24.46
nm. This increase in the bandgap is due to sutiaoce bending and lattice

expansion caused by electron irradiation [11].
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Fig. 3.14UV-Visible absorbance spectra of bare and

electron beam irradiated MnW@®@amples
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Fig. 3.15Tauc plots of MNWQ@ samplesV 1, M1(05) andM 1(10)
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3.6.3 Photoluminescence studies
3.6.3.1 PL studies of MNWO, samples

Room temperature photoluminescence spectra of sarpl, M,
andM ; excited with 293 nm are shown in Fig. 3.16.
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Fig. 3.16PL spectra of MNW@QsampledM ;, M, andM 3

The PL spectra of the samples show emission batid3s62, 447.55,
460.45, 485.81 and 529.36 nm. These bands arbuait to the transition
from the'A; ground-state to the high vibration level '@%, and from the
low vibration level of'T, to the*A; ground state within the tetragonal
WO,* groups [12, 15, 28]. The large intensity for sae} is attributed to
the increase in the trap states that give riseuminescence, which is a
combined effect of defect centres generated by axygecancies, small

particle size, and increased absorption over theab/visible range [29].
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3.6.3.2 PL studies of electron beam irradiated MNWQO, samples

The pure and electron irradiated samples of MnVéghibit similar
shape of PL curve (Fig. 3.17). The PL spectra i@idiated samples have
larger intensities relative to unirradiated samplgjch arise from defects
and particle size variation caused by electrordiatzon [12, 30]. Besides,
intermediate energy levels are formed with favowgablaracteristics due to
electron beam irradiation, which are necessarydopmbination process.
As a result, intensity of the PL emission is lafgethe electron irradiated
samples. When the EB irradiation dose is increadsale a certain dose
level, the particles agglomerate and thereby redtile® number of
fluorophores [12]. This possibly leads to a reductin the fluorescence

intensity of the sampli&!,(10).
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Fig. 3.17PL spectra of MNW@QsampledM ;, M 1(05) andM 1(10)
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3.7 Electrical properties of MNWO, nanoparticles

In this section, DC and AC conductivity studiesbafe and electron
irradiated samples of nanocrystalline Mn\\Vé@e presented. In conjunction
with ac studies, the frequency and temperature raepee of dielectric
properties are investigated. The modifications iecteical properties

induced by 8 MeV electron beam irradiation are aisestigated.
3.7.1 DC electrical studies
3.7.1.1 DC électrical studies of MNWO, samples

The pellets used for DC studies are prepared usiegmethod
described in section 2.5. Conductivity measuremangsdone irM,, M,
andM ; samples using two points probe method (section Zle variation
of DC conductivity with temperature of calcined saesM,, M, andM;
are plotted in Fig. 3.18. At 303 K, the valuesrgt obtained are 1.30108,
1.23x 10°% and 1.12x 10° mho-m' for M1, M, andMs, respectively. At
463 K, the values ofpc are 6.41x 10°, 4.81x 10° and 2.8k 10° mho-
m', respectively. From the Fig. 3.18, it can be s as the temperature
increase®pc increases exponentially. At a given temperatuage,is lower

for the sample calcined at higher temperature.

The nature of the plots reveals that the conductsonhermally
activated. The activation energy of each sampleusad out by plotting the

Arrhenius relation [31],

—Ea

O-DC - erkBT, (35)
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where g, is a pre-exponential term relating to conductivify, the

activation energy, T the absolute temperature of #mnple and
kp=1.38065 X 10° mfkg s* K™

6.0x10°

4.0x10°1

o .. {mho-m™)

2.0x10°

300 320 340 360 380 400 420 440 460 480
Temperature (K)

Fig. 3.18DC conductivity of MNWQ samples

M1, M, andM 3 as a function of temperature

The Arrhenius plot for sampled ;, M, and M3 are shown in Fig.
3.19. The activation energy is calculated from thlwpe of the
corresponding linear fits (Fig. 3.20). The valuels aztivation energy
obtained for M;, M, and M3 are 0.6929, 0.6766 and 0.6425 eV,
respectively. Such low values of activation enelgynot contribute to any
intrinsic conduction as the bandgap values obtaif@dnanocrystalline

MnWO, is about 2.6 eV. But, there is a rise in the catiglity with
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temperature. This must be due to small polaron imgpps supported by

reports in the literature [14, 17, 32, 33].
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Fig. 3.19Arrhenius plots of DC conductivity of MnWamples
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Fig. 3.20The linear fits of Arrhenius plots of MNW@ampledv 1, M, andM 3
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In this type of conduction, the charge carriers frgn one site to
the next. They get trapped in local traps with sdatéce deformation
leading to local polarization [31]. When they getfgient thermal energy,
they hop to the next site and so on. In Mny)VBopping is from MA' to

Mn®* sites.
3.7.1.2 DC €lectrical studiesof electron irradiated MNWQO,

The variation of DC conductivityotc) with temperature for the
sampledv; andM ,(05) in the range from 300-460 K is shown in Fig. 3.21.
The DC conductivity increases exponentially witmperature for the bare
and electron irradiated samples. At 303 K, the eslaf opc obtained are
1.30x10° and 3.2%10° mho-ni* for M; andM(05), respectively. These
values at 463 K are 6.410° and 2.9%10* mho-ni*, respectively. This
confirms the semiconducting nature of the syntleEsizMnNWQ,
nanoparticles. In the case of electron irradiatadde, a tenfold increase in

DC conductivity is observed (Fig. 3.21).

The values of activation energy;] of samplesM; and M(05)
determined from Arrhenius plots are 0.6975 and ®048V, respectively.
The activation energy needed for hopping is lesgHerirradiated sample
because of the decrease in particle size due wreteirradiation. The
lattice deformation occurring to the unit cells fitidGyave brought M to
Mn** closer. This reduces the hopping distances anddtieation energy.
So, it can be inferred that suitable dose of iadn can improve the DC

conductivity of MNWQ. An important application of MnWnanocrystals
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mentioned in the literature is humidity sensing,[358]. In brief, electron

irradiation of suitable doses can help to design\ky based humidity
sensor with better sensing capabilities.
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Fig. 3.21DC conductivity of MNWQ samplesvi; andM 1(05)

as a function of temperature
3.7.2 AC electrical studies

In this section a detailed study of the temperatéinegquency and
grain size dependence on the dielectric propeatmesthe AC conductivity
of nanocrystaline MnWQ are presented. Effect of electron beam

irradiation on the AC electrical properties areoalavestigated. Pellet
samples are used for the AC electrical studies.

3.7.2.1 Dielectric studies
Dielectric constant

Fig. 3.22 represents the variation of dielectrimistant with AC

frequency of samplesl;, M, and M3 at room temperature (303 K). The

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. .. 85



Chapter— 3

real part of the dielectric constant)(for samplesM,, M, and M3 are
2534.49, 164.03 and 4.07, respectively at 100 Hghows that dielectric
constant decreases with increase in calcinatiompéeature. The dielectric
constants of sampléd,, M, andM; are decreased to 13.55, 7.19 and 0.03,
respectively as the frequency increased to 10 MiHghows that dielectric

constant decreases with increase in frequency.
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Fig. 3.22Variation of dielectric constant with AC frequenafy
MnWO, samples at room temperature
The observations in the dielectric studies can kplamed as
follows. The dielectric properties of nanomateriaés/e great dependence
on the heterogeneities, such as dangling bondaneas, vacancy clusters,
and microporosities present at the interfaf3& 37] These defects can
cause a change of positive and negative space ehdiggribution in

interfaces. When subjected to an electric fieleéséhspace charges move.
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When they are trapped by defects, a lot of dipotenents are formed. In
the low frequency region, it is easy for the dipolements to follow the
variation of electric field [36]. The major contrittan to the dielectric

constant in nanocrystalline samples at low fregie=nis due to interfacial
polarization [38]. The reason for the decreasei@ledtric constant with
increase in calcination temperature (or grain sca) be attributed to the
decrease in grain boundary volume which diminislies interfacial

polarization.
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Fig. 3.23Variation of dielectric constant with
AC frequency of MNWQ@ sampleM ; atdifferent temperatures

Fig. 3.23 represents the variation of dielectricnstant with
frequency of the sampl#; at different temperatures. At 100 Hz, the
dielectric constant ofMs; has values of 4.07, 22.18 and 57.12 at

temperatures 303, 363 and 423 K, respectively. AtMHYz, respective
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values are 0.04, 0.07 and 0.16. It is observed #taany particular
frequency the dielectric constant increases witheiase in temperature and

this temperature dependence is high in the lowueaqy region.

Interfacial and dipolar polarizations have lined@pendence on
temperature at lower frequencies [25, 37]. Thithes reason for the large
increase in the dielectric constant with tempegatair lower frequencies.
But, at higher frequencies the temperature depe®dsnnot observed due
to very low response of polarization to the chaggahectric field. In the
high frequency regime dielectric contributions arainly due to electronic

polarizations, but their temperature dependenoegligible.

Loss tangent

The variation in loss tangent (Tah as a function of frequency for
samplesM 1, M, andM ; at room temperaturare plotted in the Fig. 3.24. At
100 Hz, loss tangent values are 23.90, 4.81 an@l f8:8M, M, andM;
respectively. The corresponding values of lossdahgt 10 MHz are 1.03,

0.79 and 0.65, respectively.

In nanophase materials, the heterogeneities prasdhe interface
layers produce an absorption current, resultingdiglectric loss. Large
absorption current due to the space charge polamzéeads to dissipative
losses. When the frequency is increased the respohglipoles to the
changing field decreases and the loss tangent agipes very low constant
values (Fig. 3.24). It can also be seen from Fig@4 3hat loss tangent

decreases with increase in calcination temperatline. loss tangent is
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found to be a maximum for the samph ] with smallest grain size.
Absorption current decreases with decrease of gbmunndary volume
caused by an increase in grain size due to rig&lcination temperature.
Hence, the dielectric loss decreases at any gnegjuéncy with increase in

calcination temperature (or grain size).
30

] MnWO,
25 - 303K

Tan 6

log f

Fig. 3.24Variation in loss tangent as a function of AC
frequency of MNWQ@ sampledM ;, M, andMz at room temperature
Fig. 3.25 is a plot of Tah against log f in the case of samplg at
three different temperatures. The values of Fat 100 Hz are 3.70, 5.39
and 8.00 at 303, 363 and 423 K, respectively. atfiequencies, the loss is

high and gets elevated with increase in temperature
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Fig. 3.25Variation of loss tangent with AC frequency of MW/
sampleM ; atdifferent temperatures

The loss in MNnWQ can be explained by the electronic hopping
model, which considers the frequency dependendbeofocalized charge
carriers hopping in a random array of centres. Tislel is applicable for
materials in which the polarization responds fasthie appearance of an
electron on any one site so that the process meyr adfectively into the
final state [37]. At high frequencies, Tarbecomes very less because the
electron exchange interaction (hopping) betweeri?Mmd Mri® cannot
follow the alternatives of the applied AC electfield. This absorption
current decreases with increase in the frequencthefapplied field. At
lower frequencies the hopping rate of charge aariecreases with
increase in temperature. Thus, the loss tangeatiadseases with increase

of temperature in the low frequency region [37].
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3.7.2.2 AC conductivity studies

Fig. 3.26 represents the variation of AC condutti(s) of MNWQO,
sampleV;, M, andM 3 at room temperature with frequency of the applied
AC. It is found that at low frequencies all the gd@s show almost
frequency independent behavior. It is interestimgt tthe frequency
independent part of the curve shifts downward wnitrease in the grain

size. Above 40 kHz, the curves show frequency depece behavior.
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Fig. 3.26Variation of AC conductivity €g) of MNWO, samples

M1, M, andM ; with AC frequencyat room temperature

Fig. 3.27 represents the variationafof sampleM ; with frequency
at three different temperatures. Measured AC camndtysz has a
frequency independent but temperature dependenvpél) due to band
conduction. As expectedgy. is shifted upward as the temperature is raised.

The frequency dependent pastd arising from hopping is slightly greater
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at higher temperature. The results of the AC measants can be analyzed

as follows.
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Fig. 3.27Variation of AC conductivity €g) with AC frequency of MNWQ

sampleM ; at different temperatures

Generally observations on the type of experimentatieasured
conductivity variations as in Fig. 3.26 and 3.2h ¢e& represented by the
relation [39,40],

0p(w) = 0gc(T) + 0gc(w) (3.6)
The frequency dependent part is given by the Jon'scieiversal power
law [41, 42] as,
O4c(w) = Aw™. (3.7)
Here, A is a constantw is the angular frequency andis the power. The
nature of variation in the frequency dependent madetermined by the

value n, which is a temperature dependent exponent. Itseva usually
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between 0 and 1. The valuesrofietermined for the sampid s from the
slope of logw versus log &4 plots in Fig. 3.28 are 0.89, 0.80 and 0.84 at
temperatures 303, 363 and 423 K, respectively. Vidiees of n confirm

that mechanism of conduction in the Mn\\W&mple is hole hopping [43].
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Fig. 3.28log o versus log §.d plots of MNWQ, sampleM 3

Thedc parto,.(T)of the AC conductivity is represented by the flat
plateau in the curves of Fig. 3. 27. At 20 kHz, teues ofao,.(T)
conductivity of sampleM; are 9.67x 10° 2.30x 10% and 2.02x 10°
mho-ni* at 303, 393 and 423 K, respectively. In the fregyerange 40
kHz to 10 MHz (Fig. 3.27), AC conductivity obeysetipower law. From
equation 3.6,0,.(w) = 05(T) — 04.(T). Values ofo,.(w) obtained at 40
kHz for the sampléM; are 9.6X 10° 3.04x 10°, 1.45< 10* mho-m' at
temperatures 303, 363 and 423 K, respectively.cbneesponding values at

10 MHz are 3.98 10%, 0.00115 and 0.00721mho"nrespectively.
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3.7.3 AC electrical studies of electron beam irradiated ample

To study the influence of electron beam irradiatiom the AC

electrical properties, samplbdk, andM (05) are sintered at 400 for 2 h.
3.7.3.1 Dielectric studies

Variation of dielectric constants of samplek;, and M ,(05) with
frequency is shown in Fig. 3.29. At lower frequescithe dispersion is
more. As the frequency increases the dispersiorredses gradually.
Beyond 10 kHz the two graphs almost merge with esblr. At 100 Hz,
the values ot’' observed are 107.87 and 183.82 for the bare aadiated
samples, respectively. The corresponding valued(atMHz are 6.53

and 7.27.
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Fig. 3.29Variation of dielectric constant with

AC frequency of MNWQ sampledvi; andM 1(05)
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It can be seen from Fig. 3.29 that at lower fre@ies) the values of
dielectric constants are elevated to higher valles to the increase of
defects caused by electron beam irradiation [3], 44

The dependence of Tanwith frequency of sampldd ; andM ,(05)
is shown in Fig. 3.30. The values of Téanat 100 Hz, are 127.71 and
224.14 forM ; andM 1(05), respectively.
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Fig. 3.30Variation of loss tangent with

AC frequency of MNWQ sampledvi; andM 1(05)

At lower frequencies loss tangent is greater initfediated sample
(Fig. 3.30). This can be due to the increase iiggarboundary volume

when more defects are created as a result of efebtam irradiation
3.7.3.2 AC conductivity studies

Fig. 3.31 depicts the changes in AC conductivitthwirequency of
bare and electron irradiated (5 kGy electron dddeyVO, nanoparticles.

At 100 Hz, the values of AC conductivity measured 6.12x 10° and
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1.54x 10° mho-m" for samplesvi; andM(05), respectively. At 0.1 MHz,

the values obtained are 1:830° and 3.2k 10° mho-ni’, respectively.
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Fig. 3.31Variation of AC conductivity with
AC frequency of MNWQ sampledM; andM 1(05)

It is found that the DC part of the measured valsgscreased upon
electron irradiation. The nature of AC conductivitgriation obeys the
universal power lawo,.(w) = Aw™. The frequency exponeni is
determined from the slope of the linear fits of togersus log §.J curves
in Fig. 3.32. Linear fits of log versus log §..] plots of sampleare shown
in Fig. 3.33.For the sampleM,) its value is 0.95 and for the irradiated
sample it is 0. 57. Sinaelies between 0 and 1, the AC conduction is due to
ionic hopping [41]. Small value of activation engrgnd size reduction of
crystallites caused by electron irradiation inceesti®e hopping probability

in sampleM ,(05) [44].
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Fig. 3.32The plot of logw versus log §a] of MNWO, sampledM; andM (05)
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Conclusion

Nanophase MnW® in powder form is successfully prepared by
chemical precipitation method without using anyfactants. Thermal
analysis found that MnWgis thermally stable in the temperature

range 390-850°C.

The XRD analysis confirms the monoclinic wolframggucture for
the synthesized MNnWQThe crystallite size of the sample is found to
increase with increase in the calcination tempegatwhich results in
slight lattice contraction. Vibrational spectropmostudies like FTIR

and Raman studies confirm the formation of Mn)VO

The electron beam irradiated Mn\WW®amples exhibit a decrease in
crystallite size with lattice expansion. But, aggation of particles is
more in electron irradiated samples. The electreanb irradiation

results in the broadening and slight shift of Rarpeaks.

SEM analysis shows that the particles are aggrdgatéorm micro-
clusters and could not observe any regular shapé&particles or
clusters. The EDS analysis confirms the presened! dfie constituent
elements in MNWQ TEM studies found bar-shaped morphology for
the MNnWGQ, particles with a width 078 nm.

The UV-Visible absorption maximum for MnWQs found in the
ultraviolet region and a bandgap of 2.63 eV is wlat@ for the sample
calcined at 450 °C. A slight decrease in opticaldgap with increase

in calcination temperature is also observed. Thigrehse in bandgap
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is due to the slight elevation of particle sizesmliby the calcination.
The PL spectra of MnWsamples exhibit a wide photoluminescence
spectrum having a number of shoulder peaks. Thensity of PL
emission slightly decreases with increase in caton temperature.
The electron beam irradiation results in enhandesbroance and
modified optical bandgap. Besides, slightly enhdné& emission is
observed for the electron irradiated samples duketects and particle

size variation.

» Thermally activated polaronic DC conductivity is sebved in
MnWO, samples. The DC conductivity of MnW®anges from 18
10° mho-m’. The AC electrical studies of MnWGhow that the
values of dielectric constant and tangent lossem®es with increase
in temperature. But, they decrease with increasgram size at low
frequencies. The AC conductivity studies establtblke universal
power law dependence. The frequency independent @arthe
observed AC conductivity is lower in samples caddnat higher
temperatures. But it becomes higher for a samptheasneasurement

temperature increases.

»  Thermally activated polaronic DC conductivity is@lobserved in the
irradiated sample of MNWQDC electrical study confirms a ten-fold
increase in conductivity for the electron irradchtsample. AC
conductivity of electron irradiated samples incesawith increase in
frequency and shows the power law dependence. Ceghptd

unirradiated sample the values of dielectric canstangent loss and

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..
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AC conductivity are elevated in the electron beamadiated sample.

Thus, the overall effect of electron beam irradiatin nanocrystalline

MnWO, is that it modifies the structural, optical andeattical

properties to certain extent.
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Chapter 4

STUDIES ON STRUCTURAL, OPTICAL AND
ELECTRICAL PROPERTIES OF NANOCRYSTALLINE
CALCIUM TUNGSTATE

Scheelite calcium tungstate (CaWOis well known for its
interesting structural and luminous peculiaritiasid applications [1-6].
CaWQ, powders are usually prepared by non-aqueous sslveathods as
well as by solid-state reactions which require higmperature, longer
reaction time and difficult reaction conditions.flerent methods reported
for the synthesis of nanocrystalline Ca\i@cludes hydrothermal [7-10],
solvothermal [11], solution method [12, 13, 14],lymoeeric precursor
method , sol-gel method [15, 16], surfactant asdisblution synthesis [17,
18], solution precipitation [19], microemulsion-eassynthesis [20], and
microwave assisted synthesis [21].

In the present work, CaWp nanoparticles are synthesized by
agueous precipitation route. The samples calcinelifferent temperatures
are used for characterization. The synthesis andracterization of

nanocrystalline CaWgQare presented in this chapter. The study of the
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influence of high energy electron beam irradiation the material

properties of the CaWjaalcined sample (350 °C) is also presented.

4.1  Synthesis of CaW@nanoparticles

The reagents used for the synthesfiSCaWQ, are calcium nitrate
(Ca(NGy),. 4H,0, 99.8 %, Sigma Aldrich) and sodium tungstate
(NaWO,.2H,0, 99.9 %, Alfa Aesar) 0.1M aqueous solutions (108ath)
of sodium tungstate and calcium nitrate are alloweckact and the CaWO
precipitated is subjected to different preparatgieps as described in
section 3.1. The scheme of preparation of CaW¢(presented in Fig. 4.1.

The chemical reaction can be expressed as follows

Ca(NOy), .4H,0 + NaWO, .2H,0 — CaWO, + 2Na NO; + 6H,0.

The calcination temperatures are fixed after perfiog the thermal
analysis described in section 4.2. The CaV8@mples calcined at 350, 500

and 650 °C are designated@s C, andCs;, respectively.

CaWwQ, powder sample calcined at 350 °C,) is used for electron
beam irradiation studies. Four different sampB$2), C,(4), C,(6) and
C1(8) are subjected to irradiation of 8 MeV electrose®of 2, 4, 6 and 8

kGy, respectively.
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Fig. 4.1Scheme of preparation of CawWO
4.2  Thermal analysis

TG and DTG curves of the calcium tungstate precuass® shown in
Fig. 4.2. The TG and DTG patterns reveal three prent weight losses
centred on 65.69, 286.6 and 582.60 °C with an dweeght loss of~2.71
% in the temperature range from 40-900 T@e DTG pattern shows three
endothermic peaks centred on 65.69, 286.6 and B8Z.6The first weight
loss step ok 0.70 % represents the physisorbed and interlagpgeny22].

The second weight loss0.76 % attributes to the loss of structural water

(~one unit of HO). A third weight loss of 1.25 % is due to the removal
of chemisorptions found at certain sites (Ca:f) in the scheelite

structure [22].
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Fig. 4.2TGA, DTG and DTA curves of CaWrecursor

Above 582.60 up to 900 °C, no significant weightslas observed. DTA
curve from 200 to 850 °C is exothermic indicatihg thermal crystallization of
the sample. Thus, thermal studies show that theatbweeight loss upon heating

is very less and CaW@s thermally stable.

4.3  Structural characterization
4.3.1 XRD analysis of CaWQ@samples

The crystal structure of calcium tungstate nandgeg are studied
using Bruker D8 Advance X-ray diffractomet@=(.5406 A) with CukK,)
radiation in the @ range from 10 to 70°. Fig. 4.3 shows the XRD pate
of CawQ,sample<C,, C, andCa,.
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Fig. 4.3XRD patterns of CaWgsample<,, C, andC;
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The XRD confirms that the peaks obtained for CaWwt@tch well
with the data given in JCPDS Card .N67-2235. All XRD patterns
obtained indicate highly crystalline CaWy@ith a scheelite-type tetragonal
structure and a space grolfp/a in aC$, symmetry [23]. The crystallite
size is estimated from the Scherrer’'s equation)(Z:Be average crystallite
sizes calculated are 18.45, 25.32, and 39.67 nmadammpleC,, C, andC;,
respectively. At higher calcination temperatureRD<patterns show much
sharper peaks as a result of increase in size opdinicles. The lattice
parameters are calculated from tHespacing for peaks having Miller

indices(hkl) using the equation [24],

2 2 2
— =g (4.1)

d? a? c?

for the tetragonal unit cella(=b # c,a = =y =90°). The unit cell

volume is obtained using the equation,

V = a?c, (4.2)

Table 4.1 presents a comparison of the valuésttocfde constants
and unit cell volume calculated with those in ti@PDS file No. 77-2235
for CawQ,. It shows slight increase in lattice constantshwiicrease in
calcination temperature. This results in an inaaasthe unit cell volume

or lattice expansion.

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Nanocrystalline Calcium tungstate

Table 4.1Lattice constants and unit cell volume of Caysamples

Unit cell parameters _ Average

Sample R) Unitcell — crystallite
volume (A% size
2 (nm)

JCPDS Card

No. 77-2235 5.1936 11.2552 303.59 --

C, 5.2114 11.2652 305.95 18.45

C, 5.2222 11.2976 308.10 25.32

Cs 5.2219 11.2864 307.75 39.67

4.3.2 XRD analysis of electron beam irradiated CaW@samples

The XRD patterns of bare and the electron irradisgamples are
shown in Fig. 4.4. Table 4.2 shows that the pasibbthe major peaks in
C1(2) andC,(4) are shifted to lower  values when irradiated with 2 and
4 kGy doses. Besides, the full width at half maxm@EWHM) of the
major peaks inC,(2) and C,(4) are reduced due to electron irradiation.
However, the position of the major peaksGrn(6) and C(8) are shifted
back to higher (@ values when electron irradiation doses increases
and 8 kGy. Also, it can be seen that the FWHM of@asC,(6) andC4(8)
are increased due to higher electron doses (6 &t@ly® Corresponding to
the changes discussed above, the crystallite sizelated for sample§;,
C1(2), C1(4), C,(6) andC4(8) are 20.52, 23.62, 24.75, 23.66 and 19.96 nm,

respectively.
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Fig. 4.4XRD patterns of CaWgsample<; C; (2), C1(4), C1(6)andC4(8)

The change in crystallite size with electron dose be explained as

follows. Lower electron doses cause slight atonspldcements leading to

the growth of crystallites. But at higher dosegctbn irradiation cannot

promote crystallite growth due to disorder. Iteported that due to residual
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stress, strain is generated in the sample by birgfcor compressing the
bonds between atoms [23, 25]. The increase incéat§pacing can be
attributed to the residual stretching strain indlbg irradiation.

Table 4.2XRD data of bare and irradiated Ca\W&amples

Unit Cell
Parameters (A)

Sample
Major peak
(20 degree)
FWHM of major peak
(rad)
Unit cell volume
(A%
d value
(A)

Crystallite size from major
peak (nm)
Average crystallite size

(nm)

Ci 29.045 0.00775.2114 11.2652 30595 3.0/ 18.5020.52

Ci(2) 28.703 0.00695.2114 11.2652 313.04 3.11 20.6623.62

Ci(4) 28.604 0.00615.2521 11.4149 314.88 3.11 21.9224.75

Ci(6) 28.746 0.00705.2402 11.3674 312.14 3.10 20.2923.66

Ci(8) 28.741 0.0077 5.2401 11.3673 312.13 3.10 18.4819.96

The crystallite size is found to increase with eage in electron dose
up to 4 kGy and there after it decreases as therefe dose increases
(Table 4.2). 1t is reported that there is a criticeadiation dose for each
material and is dependent upon particle size [BR, 12 short, the changes
in unit cell volume and the strain induced are thaication of defects

produced during electron irradiation.
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4.4  Vibrational spectroscopy of CaWQ nanoparticles

FTIR spectroscopy is used for investigating themfation of
CaWaQ,. While the Raman spectroscopy is used for identjfyhe different

modes of molecular vibrations in CaW@olecule.

Vibrational spectroscopy can be employed as a ptohbevestigate
the degree of structural order-disorder at sharyean the materials. Group
theory calculation shows 26 different vibration me@dRaman and infrared)

for CawQ, crystal as indicated by the equation,
[traman+infrareay = 34y + 54, + 5B, + 3B, + 5E; + 5E,,  (4.3)

where Ay, By andEy are the Raman-active modes. They are given by the

equation,
Itraman) = 344 + 5B, + 5E,;. (4.4)

In equation 4.344,, and4E, of 54,, and5E, modes are IR active.
OneA, and oneE,, modes are acoustic vibrations, ahsl,vibrations are

silent modes [27, 28].
4.4.1 FTIR spectroscopy of CaW@

The FTIR spectra of CaWnhanopatrticle€,, C, andC; are shown
in Fig. 4.5. The spectra indicate absorption pezddred on 448 and 812
cm* in the range from 400 to 1000 ¢niThe sharp absorption peak at 448
cm* corresponds to the bending vibration of W-O borithe absorption
peak centred on 812 ¢mis assigned to the anti-symmetric stretching

vibration in the [WQ] group. The bands at 3431 and 1634'amrrespond
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to the O-H stretching and H-O-H bending vibratiorespectively due the
presence of surface adsorbed water [18, 29-31].pEad positions are not
affected by increase in calcination temperaturecatthg the presence of

the same molecular species in samfe<, andCa.

125

100

~!
(34}
1

(41
o
1

% Transmittance

o
]
812

-25 T T ' T T 1 T T T T ' T ' T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 4.5FTIR spectra of CaWfsample<;, C, andC3
4.4.2 Raman spectroscopy of Cawp

Raman vibration modes can be divided into two gsougernal and
external modes. The internal vibrations are caumsedbrations within the
[WO,]? cluster. The external vibrations are related ®lgitice phonon or
motion of [CaQ)] clusters [23]. The room temperature Raman speuitra

CawQ, sample<C,, C, andC; are shown in Fig. 4.6.
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Fig. 4.6Raman spectra of CaW®@amplesCi, C, andC;

In CawQ (C,) sample, 10 Raman modes are detected and labelled.
The Raman band at 911 ¢noccurs due to the symmetric stretching and
those at 838 and 797 &noccur due to the anti-symmetric bending in the
[WO,]% cluster. The peak at 400 ¢nis assigned to the anti-symmetric
bending and the one at 334 ¢trio the symmetric bending in the O-W-O
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bond. The Raman shift due to the free rotatiorbiseoved at 212 ¢ The
shift observed at 117 ¢his assigned to the symmetric stretching and the
one at 83 cm to the symmetric bending in the [Cd@Iuster [5, 23, 30].
Raman modes of CaW@amples along with literature values are presented
in Table 4.3. It can be seen from the table thah&a peaks, except the
peak formed at 400 ch shift slightly to the lower wavenumber side as th
calcination temperature increases. These changescauwsed by small
changes in vibrational amplitudes as a result @rawement in crystallinity

upon calcination.

Table 4.3Comparison of Raman modes of CayW@th literature values

Vibration Raman shift (cni®) for calcined CawQ, samples
modes C, C, Cs Literature [30]
E, 83 81 80 84
g 117 115 114 117
E, 196 193 192 195
B, 212 211 208 210
E, -- -- - 218
Ay 276 272 271 275
A, /By, 334 331 331 336
E, 400 400 400 401
3 - - - 409
E4 797 795 794 797
B, 838 837 832 838
A 912 910 909 912
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4.4.3 Raman spectroscopy of electron irradiated Ca@,

Raman spectroscopic technique is capable of detectmall
changes in crystal structure caused by calcinadiorelectron irradiation
[32, 33]. The room temperature Raman spectra oirthdiated samples of
nanocrystalline CaWgare shown in Fig. 4.7. Table 4.4 shows that edectr
beam irradiation of CaWfamples cause slight variations in certain peaks.
A new peak at 1053 chis observed for the irradiated samp®g2) and
C1(4) . This might be due to the formation of danglirapls as a result of
electron beam irradiation [23, 33]. But, this pelidappears when irradiated
with higher doses (6 and 8 kGYWRD results of irradiated samples (Table
4.2) show an increase in volume of unit cell. Bhg percentage increase
in volume upon irradiation is very small. Hence)yoslight changes are
seen in the lattice parameters of irradiated CaWe&amples.
Correspondingly, the changes in the positions ah&amodes are small.
However, these small changes in the peak posit@ars influence the
properties of samples. Table 4.4 shows the presenughest frequenchy
vibration at 334 cm. This is an indication of distortion in the surnuiings
of the tetrahedral anion [30]. Also, Table 4.4 shaolat A, vibration shifts
to 332 cnifin the irradiated sample€,(2), C1(4) and C,(6). In sample
C.(8), Raman peak shifts back to 334 ‘tmThese changes in the,

vibration can induce changes in the optical progef the material.
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Fig. 4.7Raman spectra of CaW®@ample;, C1(2), C1(4), C1(6) andC4(8)
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Table 4.4Raman modes of CaW@ample<;, C1(2), C1(4), C1(6) andC4(8)

Vibration Raman shift (cr)

modes C, C,02)  Cy(04) C,06)  C4(08)
Eg4 83 83 83 83 83
By 117 117 114 114 114
E, 196 193 192 195 196
By 212 211 211 211 211
Ag 276 276 276 274 272
By 334 332 332 332 332
Ay 334 332 332 332 334
E4 400 400 400 400 400
B, . . . . .
E4 797 797 797 797 797
B, 838 838 838 838 838
Ay 911 910 909 910 910

4.5  Electron microscopy

The morphology, shape, distribution and compositiaf
nanocrystalline Caw(Q, are investigated using electron microscopy

techniques and the energy dispersive X-ray spexipys
4.5.1 SEM analysis of CaW@samples

SEM micrographs of the sampl€s, C, and C; are shown in Fig.
4.8. The images show that the products are composel number of

nanosized particles in clusters. Dumb-bell shapesters are visible in the
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image forC,. But, the morphology o€, andC; changesas the calcination

temperature increases.

20k X10,000 1pm 11 45 SEI
P enE, 2 T

20k X10,000 1pm 0000 11 44 SEI

20KV X10,000  1pm 0000 11 44 SEI

Fig. 4.8SEM images of CaWgsamplesC,, C, andC;
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The change in morphology occurs due to the fadtttie scheelite-
type structures tend to be faceted and aligned dokidg processes as
calcination temperature increases, involving chHagaaphic fusion
between some faces with lower surface energy [23, 33]. The self
assembly of nanoparticles into certain shapes isethuce the surface

energy.

SEM micrographs of the bar€{) and electron irradiatedC¢(6))
samples are shown in Fig. 4.9. It is observedgsbate fragmentation of the

clusters occurred in the irradiated sample.

20kV  X5,000 Spm

20kV  X5,000 Sum 0000 1047 SEI

Fig. 4.9SEM images of bare and irradiated Ca)¥@noparticles
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4.5.2 EDS of CawQ
The composibnal analysis of the samplC, is dore by energ
dispersive Xray spetroscopy, which is carried out in conjition with the

SEM analysis. The=DS pattern of CaW, nanoparticlesis shown i

Fig. 4.10.
1000
200 g
200 |
700
600
§ 500
[
400 =
3
300 t
E = % =
100 l | i3 i E | .
| |
0 | | | | | | | | |
0.00 1.00 200 3.00 4.00 500 6.00 7.00 200 2.00 10.00
keV
Fig. 4.1C EDS of synthesized CaW@anopartices
Table 4.5 EDS data of CaWgsampleC,
Element Series (keV) Mass% Atom%
@) K 0.525 4.02 22.99
Ca K 3.69 16.4 37.42
w M 1.774 79.58 39.59
Total -- 100 100
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The peaks in the spectrum confirm that the prodoatains Ca, W
and O only. The intense signal near at 1.774 kalicaies that W is the
major element. The elements present in the sampletlzeir percentage

occurrence are given in the Table 4.5.
4.5.3 TEM analysis of CaWQ

TEM images of CaW@nanoparticles calcined at 385G (C,) are

shown in Fig. 4.11.

Fig. 4.11TEM images of CaW@sampleC;

It can be seen from the TEM bright field imageg(F.11a and b)
that the particles exhibit almost spherical shadgest of the particles are
agglomerated and their average diameter is fourmete82 nm. HRTEM

image of the sampl€, is shown in Fig. 4.11 (c). Averagevalue obtained
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from HRTEM image is 0.307 nm and matches with tlen@ (112). Fig.
4.11 (d) shows selected area electron diffractthED) pattern of sample

C1, which confirms that CaWgnanoparticles are polycrystalline.
4.6  Optical properties
4.6.1 UV-Visible spectra of CaWQ

The absorbance of the calcined samples is detednfioen their
diffuse reflectance measurements using UV-Visilgecs&rophotometer as
mentioned in section 2.3.8. Fig. 4.12 shows the \l&/ble absorption
spectra of sample€,, C, and C;. SampleC; shows absorption peak at
258.60 nm. This peak is due to the inter band itians between the
valence and the conduction bands. From the figuean be observed that
the peaks of samplgs, and C; are shifted towards the longer wavelength

region. This red shift occurs due to particle setevation caused by the
calcination.

0.4
Cawo, — €,
. C2
o3| C,

Absorbance (a.u.)

0.0 T T T T T T T T T T T T T

250 300 350 400 450 500 550 600
Wavelength {(nm}

Fig. 4.12UV-Visible spectra of CaWgsampleC,, C, andC;
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The optical bandgap energy is calculated using Tthec relation
(Egn. 2.5). Tungstates having general formula AW®= Ca, Sr, Ba)
exhibit an absorption spectrum governed by dirdetteonic transitions
[35]. The optical bandgap is determined from theérapolation of the
straight line portion of ¢hv) 2 versushy plot to @hv) 2 = 0. The optical
bandgap values obtained from the Tauc plots (Fi8)4for sample€,, C,
andCsare 4.12, 3.58 and 3.50 eV, respectively. It shthas the bandgap
energy increases with decrease in particle sizegchwbonfirms quantum
size effect [8]. Not that the dependence of bandmaparticle size is not

linear.

0.6

0.5 4

0.4

0.3 -

(axhv) (a.u.)

0.2 -

0.1+

0.0 — 1 1 T 1 T 1 v ' T
250 275 3.00 325 350 375 400 425 450

hv (eV)

Fig. 4.13Tauc plots of CaW@sample<C;, C, andC;
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4.6.2 UV-Visible absorption study of irradiated CaW0O, samples

0.30

0.25

0.20

Absorbance (arb.units)
o
o
|

I ' | I ! I I '
350 400 450 500 550 600
Wavelength(nm)

! I
250 300

Fig. 4.14UV-Visible absorption spectra of CawO
samplesCy, Cy(2), C1(4), C1(6) andCy(8)

The UV-Visible absorption spectra of sampl€sg, C.(2), Cy(4),
C4(6), and Cy(8) are shown in Fig. 4.14. The figure demonstrateghisl
variations in the absorption peak positions of itihadiated samples. The
shift in peak position is due to particle size aadon caused by electron
beam irradiation. The intensity of absorption iarfd to be less in electron
beam irradiated samples. The Fig. 4.14 also cosfisimft in absorption
edges due to electron beam irradiation. The obdersiifts in the

absorption edge could be attributed to the vamaitioparticle size [36].
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The optical bandgap values of the samples are mehdtom the
Tauc plots. The bandgap values observed are 44@, 4.08, 4.22 and 4.25
eV, respectively for sampl&s;, C,(2), C4(4), C.(6) andC4(8). The changes
in bandgap values are due to the small changesaihcle size upon
electron beam irradiation [23]. The variation oystallite size and bandgap
with increasing electron dose is given in the Ta#lé.

Table 4.6 The crystallite size and optical bandgap of

bare and electron irradiated Ca\\8amples

Samples Crystallite size (nm) Bandgap (eV)
Ci 20.52 4.12
Ci(2) 23.62 4.20
Ci(4) 24.75 4.08
C4(6) 23.66 4.22
C1(8) 19.96 4.25

4.6.3 Photoluminescence studies
4.6.3.1PL studies of CaWO, samples

The PL spectra of samples calcined at three differemperatures
are shown in Fig. 4.15, when excited with 270 #nrbroad emission peak
centred on 357.15 nm is observed in the case oplsa@y. This peak
position is much different from the characterig®c emission peak in the
blue region (420 to 440 nm) reported in the literat[7, 21, 37, 38]. This
varied behaviour can be attributed to the inconaptaistallization in the

sample calcined at 350°C. But for samplesandCs;, broad emission peaks
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are centred on 422 and 424 nm, respectively. Hushift in emission peak
is due to the increase in particle size caused dgimation [23]. The
intensity of emission peaks decreases with incremsecalcination
temperature, which can be attributed to the deeraasthe intrinsic

disorders due to the improved crystallinity of dacined CaW@samples.

Cawo,
A, =270 nm

=3

1.0x10" -

8.0x10° -

6.0x10° -

Intensity {a.u.)

4.0x10°

2.0x10° -

S
T L
T

0.0

250 300 350 400 450 500 550
Wavelength (nm)
Fig. 4.15PL spectra of CaWfsamplesC;, C, andCs
In short, the light-emitting properties of the g¢ato tungstate crystal
are greatly influenced by calcination temperatie emission can be tuned

in the UV- Visible (350-430) region by calcination.
4.6.3.2PL studies of electron irradiated samples

The PL spectra of bare samfile and the irradiated sampl&5(2),
C1(4), C4(6) andCy(8) are shown in Fig. 4.16. In the bare sample PL

peak appears at 357.15 nm, which is in the ulttaviegion. But when the
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sample is irradiated with an electron dose of 2 kthg peak position is
found to be red shifted to the usual blue emissagion (around 422 nm).
This is because of irradiation induced non-thermektrystallization in

CaWaQ, powder [39]. It is interesting to note that the pPeaks get blue
shifted with further increase in the electron dd$eg. 4.16]. The

characteristic blue emission is quenched and Plssan peak gradually
shifts back to the ultraviolet region. This new &ebur is due to the
variation in intrinsic defects caused by electreain irradiation [23, 40]. In
brief, electron beam irradiation of suitable dosaiseful in tuning the PL

emission of CaW@Qin the UV-Visible range with increased intensity.

1.0x10" - (:1(3) CI CL(GJ C, 4

=270 nm

excitation

8.0x10° -

5.0x10° -

4.0x10°

Intensity {counts)

2.0x10°

0.0

T
450 500

T T T T
250 300 350 400

Wavelength {nm)

Fig. 4.16PL spectra of CaWsamplesC;, C1(2), C1(4), C1(6) andC4(8)
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4.7  Electrical properties
Electrical studies of nanocrystalline CaW@re carried out, as

described in section 2.5. The results and discaossom the experimental
data are presented in this section.
4.7.1 DC electrical studies
4.7.1.1DC électrical studies of CaWO, samples

Plot of DC conductivity versus temperature for sEsgi,, C, and
Cs are shown in Fig. 4.17. At 303 K, the valuesogt are 5.30x 10°,
4.30x 10° and 3.87x 10° mho-m'for C;, C, andCs, respectively. At 463
K, the values obpc are 8.07x 10° 6.59x 10° and 5.36x 10° mho-ni',
respectively. An exponential increasesigt with increase in temperature is
observed. Thus, the DC conductivity is thermallyivaated. At a given

temperaturegpc is lower for the sample calcined at higher temippeea

Cawo
8.0x10° - 4 ¢

6.0x10°

4.0x10°

o o (mho-m™)

2.0x10°

0.0 1

' I ! T T T
300 320 340 360 380 400 420 440 460 480
Temperature (K)

Fig. 4.17DC conductivity of CaW@samplesC,, C, andCj3
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The reletionship betweenpc and temperture is given by the
Arrhenius relationship (eqn. 3.5). The Arrheniustp for the calcined
samples are shown in Fig. 4.18. The activationgasrforC,, C, andC;
are determined from the slopes of the linear fith® Arrhenius plots (Fig.
4.19). The activation energy values obtained a&@&¥ and 0.5680 and
0.5717eV forC4, C, and C;, respectively. The low values of activation

energy show that DC conduction in Ca\W®by hopping of charges.

-11

C1

A2

13 -

144

15 -

ac

16 4

In 6. (mho-m™"}

A7 4

=18 -

=19 4

-20

0.0022 0.0024 0.0026 0.0028 0.0030 0.0032
1T (K")
Fig. 4.18Arrhenius plots of DC conductivity of CaWO

samplesCy, C, andC; as a function of temperature

132 Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Nanocrystalline Calcium tungstate

-11
12 - — linear fit of C,
| - - —linear fit of C,
-13 ] . .
1 weee lingar fit of €,
T 144
g ]
2 15-
£ ]
tﬁ 16 4
= ]

17 —Equation 'y =a + b*x

c Intercept 2.28388

184 1 Siope 6568.27882
b c Intercept 2.0735

=19 - 2 Slope -6563.88965
c Intercept 1.89404

20 3 Slope -6626.55375

1 1 1 ¥ L) T 1 T 1
0.0022 0.0024 0.0026 0.0028 0.0030 0.0032
1UT (KT)

Fig. 4.19The linear fits of Arrhenius plots of CaWO
samplesC;, C, andCs
4.7.1.2DC dlectrical studies of irradiated CaWO, sample

The variation in DC conductivity with temperaturebare C,) and
irradiated C,(04)) samples is plotted in Fig. 4.20. The values of DC
conductivity at 303 K are 5.3 10° and 1.54x 10° mho-m" for samples
C; andC4(04), respectively. At 463 K the corresponding values &07x
10° and 8.22x 10° mho-ni*, respectively.

It is found that the conductivity increases withcrease in
temperature. As descrbed in section 4.7.1.1 theadicin energy values are
determined from the Arrhenius relationshp betwegs and temperature.
The values obtained are 0.5644 and 0.7281eV Ggr and C,(04),
respectively. These values confirm that DC conducin CaWQ is by

hopping of charges. The conductivity ©f(4) is large compared tG, and
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the dispersion is more at higher temperature. FKRID analysis, it is
found that the crystallite size is highest for s&mp,(4) which tend to
decrease the contribution to DC conduction by haogmrocess. But, the
conductivity shifts upwards for the irradiated sénp,(4). The reason for
this observation is that new charge centres wilctsated during electron
beam irradiation that results in an increase inrthenber of hopping as

temperature increases [41].

1.0x10™
i CaW04 01(4)
8.0x107% 4 3
€ .
o 6.0x10° 1
K =
£
8
o 4.0x10°
2.0x107° g
C,
0.0- T
I I I I I I I

300 320 340 360 380 400 420 440 460 480
Temperature (K)
Fig. 4.20DC conductivity of CaW@samplesC; andC,(4)
4.7.2 AC electrical studies of CaWQ@samples
The AC studies are carried out using circular pel®y measuring
their capacitance and loss tangents. The measnoteraee taken using an
impedance analyzer (Wayne Kerr 6500 B), describezhapter 2. Data are

collected by varying frequency and temperature.
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4.7.2.1 Dielectric studies
Dielectric constant

Fig. 4.21 shows the variation of dielectric dan$ ¢") with
frequency at 303 K for samplé€, C, andC;. At 303 K, the values of’
are 118.06, 30.08 and 10.66 at 100 Hz for the sesr(®], C, and C;
respectively, which decreases to 5.35, 6.06 ar@l&.20 MHz.
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Cawo, c
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W
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log f

Fig. 4.21Variation of dielectric constant with frequency@WQ,
sample<C1, C, andCj at temperature 303 K

It is seen that the dielectric constant for all Hanples are high at
low frequencies which decreases rapidly as frequemreases, attaining a
constant value at higher frequencies. When theuéeay is low, different
polarizations get enough time to orient in accocgawith the changing
field. But, at higher frequencies their responsedsy low. The Fig.4.21
shows that dielectric constant decreases with @s&rein calcination

temperature. The reason is that grain size incseagi¢h calcination
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temperature. As the grain size increases, the aseren volume of the
particle causes a decrease in the volume of tlefates. This leads to
decrease in space charge polarization. But, thdribation to &' by

electronic polarization from within the particlescieases [41, 42]. The

overall effect is a decreasedhwith increase in grain size.

Fig. 4.22 shows variation af for sampleC; at temperatures 303,
363, and 423 K. At 1 kHz the values of are 8.68, 8.89 and 9.41
corresponding to 303, 363, and 423 K, respectiwdlizgen the temperature
is increased, more and more dipoles are oriengsaljting in an increase in
dielectric constant at any frequency [43]. At véigh frequencies (MHz),
the charge carriers would have started to moverbefwe field reversal

occurs and’ falls to a small value.

13 303 K
- Cawo, | _383 K
12 C, e 423 K

Dielectric constant {&")
=)
|

g_
8 -
7 I I I I T
2 3 4 5 6
log f

Fig. 4.22Variation of dielectric constant with frequency@aWQ,

sampleC; at different temperatures
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Loss Tangent

The frequency dependence of loss tangent ¢yarf sample<C,, C,
and Cz at 303 K is shown in Fig. 4.23. At 100 Hz, the ghasion factor
Tand has a value of 2.54, 3.41 and 0.92. But at 0.5 MFn o decreases
to 0.18, 0.04 and 0.03 f@3, C, andCj; respectively.

Tan &

Fig. 4.23Frequency dependence of dielectric loss of CgWO
samplesC;, C, andCs;

The decrease in Tak takes place when the dielectric response of
polarizations to the frequency decreases. The ioigemeities present in
the interface layers of CaW@anocrystals produce an absorption current
resulting in dielectric loss [41]. This absorptiearrent decreases with
increase in frequency of the applied field.

Fig. 4.24 represents the variation of Tawith frequency of sample

Cs at 303, 393 and 423 K. For the sam@leat 1 kHz, the values of Tah
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are 0.15, 0.25 and 0.24 for temperature 303, 363423 K, respectively.
The corresponding values at 0.5 MHz are 0.030, 3.62d 0.027

respectively.
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Fig. 24 Frequency dependence of dielectric loss of CgWO

sampleC; at three different temperatures

The hopping probability per unit time increaseshwincrease in
temperature. Correspondingly, the loss tangenagtehvwith temperature at
a specific frequency. The loss in CaW@an be explained using the
electronic hopping model, which considers the festpy dependence of the
localised charge carriers hopping in a random afd&}. This model is
applicable for materials in which the polarisati@sponds rapidly to the
appearance of an electron on any one site solthatansition may be said
to occur effectively into the final state [44]. the high frequency region,

tan 6 becomes almost zero because the electron exchatgm@ction
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(hopping) cannot follow the alternatives of the &xplAC electric field

beyond a critical frequency.

4.7.2.2 AC conductivity studies

Fig. 4.25 shows the variation of AC conductivitg) of sample<C,,
C, andC; with frequency. At 3 kHz foC,, C, andCs;, the measured AC
conductivity values are 1.94 X $07.2 x 10" and 1.05 X 10mho-m*

respectively at 303 K. At 1 MHz, the corresponduadues are 2.93 X 10-5,
1.46 X 10° and 1.10 X 18 mho-ni".

—¢ CaWwo
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Fig. 4.25Variation of AC conductivitydgg) of CawQ,

sample<C;, C, andC;with frequency
The nature of variation is almost similar for detsamples, but the
conductivity values shift downwards as the grairesncreases. Initially,

the AC conductivity has a small steady value whiotreases at higher
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frequencies. At lower frequencies up to about 1 ,ktHe variation in the
AC conductivity has no frequency dependence. Beybrsdfrequency, AC
shows frequency dependence in accordance with riheersal power law

(egn. 3.7).

Fig. 4.26 shows the nature of variation of conduigtiof sampleC; at
303, 393 and 423 K. At 3 kHz, the AC conductivitgasured for sampl€s is
7.20 X 10°, 1.01 X 10" and 1.28 X 18 mho-m' at 303, 363 and 423 K,
respectivelyAt 0.5 MHz, the respective values of AC conductiate 3.58 X 10
6 356 X 10 and 4.03 X 18 mho-m’. Here also, the universal power law
(equation 3.7) can be applied to explain the olexbmariations in conductivity

with frequency and temperature.
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Fig. 4.26Variation of the AC conductivity of CaWampleCs
with frequencyat different temperatures
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Plots of logw versus log &) for sampleCs are given in Fig. 4.27. The
frequency exponents are determined from the slopéisear fit of logw versus
log [oxd], given in Fig. 4.28. The values obtained for éx@onentr) in the power

law are 0.95, 0.97 and 0.97 at temperatures 3(aB8 423 K, respectively.

4.5
— 303K
b - - 193K CaWD4
50 - 423K

log o, {mho-m™")

T T T T T T
3.5 4.0 4.5 5.0 55 6.0

log @

Fig. 4.27log o versus log &) plots of CaWQ sampleCs

4.5
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1 - - - Linear Fit of 383 K Cawo,
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i 493K Intercept -10_768:
- Sl 0.9604
-7.5 T T T T T T T T ople T
3.5 4.0 45 5.0 5.5 6.0
log e

Fig. 4.28Linear fits of logw versus log &5 plots of CaWQ sampleCs

(Inset table presents the results of linear fit)
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It is clear from the figure that the conductivibicreases as frequency
increases, which confirms to small polaron hopp#ig.
4.7.3 AC electrical studies of electron beam irradted CaWwQO, sample
Effect of electron beam irradiation on the AC dleetl properties of
CaWQ,sample is presented in this section.
4.7.3.1 Dielectricstudies
Dielectric constant
The dielectric constant of electron beam irradiagathpleC,(4) is
much higher at lower frequencies compared to the kampleC, as is
evident from the Fig. 4.29. At 100 Hz the valuedaflectric constant are
120.85 and 863.61 for the bare and electron irtadiasamples,

respectively. The corresponding values at 6 MHz6aré and 11.21.

4000

- Cawo,

3000
2500
2000

1500

Dielectric constant (&)

1000

500 c

0 I l . liluo-luloi-lolil. v
1 2 3 4 ° i 7
log f

Fig. 4.29Variation of dielectric constant of CaW®amples
C, andC;(4) as a function of frequency
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Loss tangent

The variation in the loss tangent of sampl&sand C.(4) with
frequency at 303 K is depicted in Fig. 4.30. Theugaftan & for samples
C; andCy(4) at 100 Hz are 2.54 and 29.80, respectively. Thatges are
changed to 0.18 and 0.74 at 1 MHz. Thus, the Esgent is also higher for

the electron irradiated sample.

354 ... . Cawo,

-5 v T J T T T

log f

Fig. 4.30Variation of loss tangent with AC frequency of Ca@yv
samples<C; andC,(4)

The increased dielectric constant and loss tangettie irradiated
sample can be attributed to the increase in defls@ding to greater
polarization.
4.7.3.2 ACelectrical studies

Fig. 4.31 presents the variation of AC conducti\i#y) of samples

C, andCy(4) as a function of frequency at 303 K. The valuesoht 3 kHz
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for samplesC,; and C,(4) are 3.69x 10° and 1.45x 10* mho-ni',
respectively. The corresponding valuesspfat 1 MHz are 5.0% 10° and
4.30 x 10* mho-m', respectively. Thus, AC conductivity is large for

electron beam irradiated sample.

5.0x10*
CaWO4
4.0x10™
- e C,4)
o 3.0x10™*
£
E -
p—
bm
2.0x10™
1.0x10™*
4 C1
0.0 T T T T T T T T T
1 2 3 4 5
log f

Fig. 4.31Variation in AC conductivity of CaWgsamples
C, andC,(4) as a function of frequency

As discussed in chapter 3, the variation of AC cmtigity with
frequency can be explained using the universal polae [59]. The
frequency independent part of the curve is foundetshifted upwards. The
values given by, (w) = 05z (T) — 0,.(T) for samplesC,; andC,(4) at 1
kHz are respectively 1.8 10° and 1.38x 10* mho-m'. The respective
values at 1 MHz are 6.26 10° and 4.31x 10* mho-ni'. This variation in
AC conductivity with frequency is given lay, = Aw™, where A is a

temperature dependent constant ands the frequency exponent. The
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values of frequency exponent determined from tbpesbf logw versus log
[ga] plot shown in Fig. 4.32 are 0.56 and 0.52, respely for C; and
C1(4) samples. According to theory, the valuenas between 0 and 1. The

values obtained in this study indicate hopping catida in CaWwaQ [41].

-3
c1
{ - (s .
- — linearfitof C, e
_. -4 - - -linearfit of C (5) PR
0
=
E
[+]
A 2
[=2]
=)
__..-” Equation y=a+bx
-6 c Intercept -7.58712
1 Slope 0.56331
01{5) Intercept -6.68876
Slope 0.52031
-7 L] I T I L} I L} I L} l L}
3.0 3.5 4.0 4.5 5.0 55

log o
Fig. 4.32log o versus log & plots of CawQ
It is reported in the literature that the conttibn to AC
conductivity by the grain boundaries is higher thlhat due to the grains
and is attributed to the trapping of electronsha grain boundaries [45,
46]. Due to electron beam irradiation a numberrap tstates are created

which enhance the hopping conduction.

4.8 Conclusion

The following conclusions are drawn from the sysigémstudies of

structural, optical and electric characterizatibmanocrystalline CaWgQ
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» Thermal analysis confirms that CaWGynthesized by simple

chemical precipitation method is thermally stable.

»  XRD studies of CaW@samples confirm tetragonal scheelite structure
with a space group4i/a in aCS, symmetry for CaW@ The average
crystallite size is found to increase from 18.503®.67 nm with
increase in calcination temperature from 350 to 680 XRD
calculations show a lattice expansion in this $tme on increasing
the calcination temperature. The crystallite siz€aWQ, is found to
vary with electron irradiation dose due to the a@ons in defects and

crystallization.

» The FTIR and Raman spectroscopic studies confierfadhmation of
CaWwQ, The Raman bands are modified slightly during tetec
irradiation process. In the samples irradiated ®&i#ind 4 kGy, a new

Raman band is observed at 1053cm

» SEM images show dumb-bell shaped CaMi@noclusters formed by
growth in certain directions. The morphology gelmmged as the
calcination temperature increases due to aggregatiomore and
more particles to the cluster. The EDS analysidiooa the presence
of all the elements in CaWQO The aggregation of nanoparticles
produced thick contrast in the TEM image. Averagee of the

particles is~82 nm.

» UV-Visible absorption spectroscopic studies of Ca\8&@mples show
red shift in the absorption edge as well as redactn the bandgap

due to calcination. A bandgap of 4.12 eV is obtdifer CawQ

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Nanocrystalline Calcium tungstate

nanoparticles calcined at 350 °C. The electron bie@diation creates

modifications in optical absorption and bandgaghwitectron dose.

» The PL emission peak shifts from UV to visible ran@50-430 nm)
as the calcination temperature rises from 350 t6°65 The PL
intensity is found to decrease as the particle sipeeases due to
calcination. It is found that electron beam irrdidia creates drastic
changes in the PL property of the material. Besitteselectron beam
irradiation of suitable dose can be useful in tgriime PL emission of
CaWwQ, in the UV-visible range with enhanced intensityn A
advantage of electron irradiation over calcinatimatment is that it
can be used for tuning the PL emission without muentiation in the

particle size.

» DC electrical studies show an exponential increaseonductivity
with temperature. The low values of activation gye(~0.57 eV)
confirm the DC conduction by hopping process. Tl& danductivity

decreases with increase in calcination temperature.

» Dielectric studies revealed the usual relaxationcesses relating to
the different types of polarizations. The dielectionstant for all the
samples are high at low frequencies, which decscaapidly as
frequency, increases, attaining a constant low evat higher
frequencies. The samples calcined at higher terhypesashow lower
values of dielectric constant and loss tangent. Aleconductivity

shows power law dependence.
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»  The DC conductivity of the electron irradiated s&mp higher due to

the creation of new charge centres. In the irradiag@aWQ sample,

the dielectric constant and loss tangent are higherlower

frequencies. But at higher frequencies, the losgdat is very small.

It

is found that electron beam irradiation enhandbse AC

conductivity of nanocrystalline CaWO
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Chapter 5

STUDIES ON STRUCTURAL, OPTICAL AND
ELECTRICAL PROPERTIES OF POLYANILINE
COMPOSITES

The synthesis and characterization of polyanilimengosites of
nanocrystalline MnW@ and CaWQ@ are presented in this chapter. The
structural, optical and electrical property chandas to the formation of
the PANI- metal tungstate composites are also desull The effect of high
energy electron beam irradiation on the propertie6 PANI-

MnWO,/CaWQ, nanocomposites is also studied.

5.1 Synthesis of polyaniline nanocomposite

5.1.1 Synthesis of PANI

Emeraldine salt (PANI-ES) is prepared bwy situ oxidative
polymerization of aniline monomer in an acidic madiin the presence of
a suitable oxidant [1-4]. Aniline monomers after dieudistillation (9.3 ml)
is added to 1 M HCI (200 ml) and stirred well. APS3.4 gm) is dissolved
in distilled water to make 50 ml of solution. Ittleen added drop by drop to

the above mixture with constant stirring. The dolutgradually turns into
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dark green colour, indicating the formation of PANhe mixture is stirred
over a period of 4 h and left at room temperatwermight to complete the
polymerization. The dark green precipitate is atéd by filtration and

washed several times with distilled water until titteate turned colourless.
The product is dried in an oven at 50 °C for 48 lgét flakes of protonated

PANI. The PANI is then ground into fine powderngsian agate mortar.
5.1.2 Synthesis of PANI-MnWO, nanocomposite

Synthesis method described in section 5.1.1 id@yad to synthesize
PANI-MnWQO, composite. For this 1.51 gm (0.50% mol) of MnWO
powder calcined at 450 °C is dispersed in 10 ml etthanol by
ultrasonication for 30 minutes. It is then addedportions during the
oxidative polymerization of aniline discussed ictgen 5.1.1. The solution
gradually turns into dark green colour, indicatithg formation of PANI
composite. The mixture is stirred over a periodl6fh and left at room
temperature overnight to complete the polymerizatidhe dark green
precipitate is collected by filtration and washederal times. The product

is then dried to get flakes of PANI-MnW@omposite.
5.1.3 Synthesis of PANI-CaWQ nanocomposite

The PANI-CaWQ nanocomposite is also synthesized using the same
method discussed in section 5.112.this case, 1.44 gm (0.50 % mol) of
CaWQ, calcined at 650 °C dispersed in 10 ml of ethamoised to form the

nanocomposite.
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5.2 Characterization of PANI-MnWO 4 nanocomposite

5.2.1 Thermal analysis

The TGA/DTA curves of PANI-MnW@composite are shown in Fig.
5.1. The sample is heated from room temperatur@@°C at 10 °C/min.
TGA/DTG curve exhibits three prominent weight lasseentred on

temperatures 82.16, 286.16 and 541.35 °C.
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4 taanae DTG
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100 3 - 004 E
| Eo E
- : m
a? . - g T 0.00 £
S D | . E
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1 = 541.35 °C = i 2
75 s218°¢ 286.16 °C 0.062mgimin 5 2 | -0.08 g
] -0.079 mg/min -0.072 mgfmin |
01 1504 .12
65 -
-0.16
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Temperature (°C)
Fig. 5.1 TGA/DTA curves of PANI-MnWQ nanocomposite
The first weight loss corresponds to the loss afewand impurities
in the sample. The second weight loss observedemknn 286.16 °C is due
to the liberation of HCI molecules from PANI [5-8Third weight loss at
541.35 °C is attributed to the decomposition of B#NI backbone. The
exothermic nature of the DTA curve centred on 4250ggests that some

cross linking of PANI-chain takes place at this pemature [4, 9, 10]. As
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dedoping of PANI in the composite occurs beyond 250the electrical
conductivity of the composite may decrease beybis temperature. The
overall weight loss observed is 35% when heateoh @ to 700 °C. This
confirms that the thermal stability of PANI in tleemposite is slightly
higher.

5.2.2 Structural characterization

5.2.2.1 XRD study

Fig. 5.2 represents the XRD pattern for PANI-E&nacrystalline
MnWO, and PANI-MnWQ composite. For pure PANI, three broad peaks
are observed atf2values 14.65°, 20.15° and 25.27°, which correspgond
(011), (020) and (200) planes of PANI, respectivétyFig. 5.2, the peak
centred at @ = 20.15° for PANI may be attributed to periodigutgrallel to
the polymer chain. The major peak & 2 25.27° may be due to the
periodicity perpendicular to the polymer chain [4}. This peak is related
to the conjugation length of-electrons in PANI-ES. The XRD analysis
shows the presence of local crystalline centreBANI, as reported in the
literature [7, 15, 16]. XRD results of MnWCand PANI- MnWQ are
compared in Table 5.1.

The results of XRD pattern of pure Mn\W@alcined at 450 °C are
discussed in section 3.3.1. In the present casaehal major peaks for
MnWO, are found in the XRD spectrum of the composite.akut, peaks
are broadened, indicating reduction in crystallitee. The full width at half

maximum is almost double for the composite (Tablg.5
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Fig. 5.2XRD patterns of PANI, MnW@®and PANI-MnWQ

nanocomposite

The average crystallite size of the composite daled using the

Scherrer equation (Eqgn. 2.2) is found to be 110 which is only half of
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the original crystallite size (26.03 nm) of MnWOThis indicates that
MnWO, nanoparticles got dispersed during the polymer mig
formation. The Fig. 5.2 and Table 5.1 show thatXiRb peaks of PANI-
MnWO, composite are slightly shifted towards the lowdr Values
indicating an increase in thd-spacing. This is due to the interaction

between the tungstate and the polymer chain.

Table 5.1XRD results of MNWQ sample M and PANI-MnWQ composite

WHM
Major peaks 20 (degree) Average
Sample ki) (degree) A) crystallite
( Size (nm)
(100) 18.57 0.289 4.76
(011) 23.77 - 3.74
MnWO; (M) 26.03
(111) 30.03 - 2.97
(002) 36.15 0.365 2.48
(100) 18.25 0.477 4.86
PANI-MnWO, (011) 23.53 0.912 3.78 1150
composite (111) 29.93 1.030 2.98
(002) 35.66 - 2.52

5.2.2.2 XRD study of electron beam irradiated samples

XRD spectra of bare and electron beam irradiatéNIPMnWO,
nanocomposite samples are shown in Fig. 5.3. Avecaggtallite sizes
calculated are 11.50, 10.85, 8.51 nm respectively(, 4 and 8 kGy

irradiated samples.
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Fig. 5.3XRD patterns of unirradiated and electron beaadiated
PANI-MnWQO, nanocomposite

As the crystallized regions in PANI are much lessnpared to the
amorphous regions, their contribution to the iniigngn XRD pattern is
small. Hence, it is difficult to observe the PAp#aks in the composite. A
close observation of the data (Table 5.2) showstlige is a slight shift in

the XRD peaks to highe®2ralues as the electron dose is increased from 0
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to 8 kGy. Hence, small decreasedivalues is observed. This is due to the
irradiation induced strains in the composite. Idiadn, average crystallite
size of the composite decreases with increasesttreh irradiation dose.

Table 5.2XRD results of bare and irradiated PANI-Mn\W§&amples

Major 20 FWHM Average
d crystallite
Sample peaks (degree)  (degree) A size
(hkl) (m)
(100) 18.25 0477  4.86
PANI- (011) 23.53 0912  3.78
MNWO, 11.50
(0 KGy) (111) 20.93 1.030  2.98
(002) 35.66 - 2.52
(100) 18.36 0519  4.83
PANI- (011) 23.69 0.88 3.75
MnWO, 10.85
(4 KGy) (111) 30.06 1.005  2.97
(002) 35.96 - 2.50
(100) 18.72 0540 474
PANI- (011) 23.52 1.056  3.78
MNWO, 8.51
(8 KGy) (111) 30.07 1231 297
(002) 36.003 - 2.49

5.2.3 FTIR spectroscopy

5.2.3.1FTIR spectroscopy of bare PANI-MnWQO, composite

The FTIR spectra of PANI-ES, MnWQOand PANI-MnWQ are
presented in Fig. 5.4. The absorption peaks detent¢he three cases are
labelled in the figure. The C=N vibration obseniedANI at 1643 cniiis
shifted to 1651 cihin the composite. The peaks observed for PANI 8715

and 1508 cm are assigned to the stretching vibration of quinEitl=
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(CsH4) =N-) ring and benzenoid (—B4)-) ring, respectively. These peaks
are slightly shifted to 1556 and 1510 ¢in the PANI-MnWQ composite.
The band observed at 1292 tim strengthened by the protonation of PANI
and attributes to the C-N stretching of secondamyna [17]. This peak,
shifts to 1290 cm in the PANI-MnWQ composite. The protonation of
polyaniline induces absorption peak at 1238cim PANI and PANI-
MnWO, composite. The presence of this peak in PANI ésixdomposite is
a measure of the-electron delocalization that determines their aontithg

nature [18].

3 ]
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ES
2 o ¥
w & 2 2
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Fig. 5.4FTIR spectra of PANI-ES, MnNWfM ;) and PANI-MnWQ

The band at 1141chin PANI-ES spectrum is due to the excess HCI

doping. This is assigned to the vibration of mode-bH'= structure,
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formed during protonation [19-21]. This band shifts 1066 crit in the
composite material due to the interaction between\M\®, nanoparticles
and PANI-ES. The absorption peak at 977'cin PANI and PANI-
MnWO, composite is assigned to the stretching of the Guitl of plane
bending. The peak at 782 ¢nin PANI is assigned to the N-H wagging.
The major absorption peaks of Mn\W@t 880, 790, 583 and 449 ¢rare
described in section 3.4.1. In PANI-MnV@omposite, the peak at 880
cm? is not distinct. Other peaks related to Mn\Wae shifted to 782, 560
and 438 cni, respectively. This shift is due to the the Vantléaal's
interaction between MnWfQand polyaniline chain [22]. These shifts in

peak of MNWQ in the composite confirm the composite formation.

5.2.3.2FTIR spectroscopy of electron beam irradiated PANI-MnWO,

FTIR spectra of bare (0 kGy) and electron beamadiated (4 and 8
kGy) PANI-MnWO, nanocomposite samples are shown in Fig. 5.5. The
C=N vibration observed in PANI-MnWfQat 1651 crit disappears in the
electron beam irradiated samples. The peak at ¢510n the unirradiated
sample, arising from the stretching vibration ohbenoid (—(GH,)-) ring,
shifts to 1476 crin the irradiated samples. The absorption peak0&6 1
cm', due to the vibration of mode of —N#l structure in the bare
composite, shifts to 1107 ¢min the irradiated samples. Moreover the
increased intensity of absorption of this peakaatis increased doping of
the PANI chain. Electron beam irradiation of suikadose causes some

chain scission that leads to improvement in ordeahPANI. Accordingly
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improved electrical conduction is expected in tbenposite. Thus, the IR

absorption in PANI-MnWQgets modified after electron beam irradiation.
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Fig. 5.5FTIR spectra of unirradiated and electron beaadiated PANI-MnWQ

5.2.4 Electron microscopy

The morphology of the composite is studied usiBgFEM and TEM

analysis. The elemental composition is confirmadg&DS.
5.2.4.1FE-SEM analysis of PANI and PANI-MnWQO, hanocomposite

The FE-SEM image of PANI-ES is shown in Fig. 5.®Bhe
interconnected fibre (clew) like morphology is se#houghout. The

diameter of the fibre is less than 80 nm.
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Fig. 5.7 FE-SEM image of PANI-MnWQ
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The FE-SEM image for the PANI-MnW,@omposite is shown in Fig.
5.7. In the magnified image, clew like fibres cocteel to each other are
visible. The diameter of the fibre is about 80 Mdmmpared to FESEM
images of PANI-ES, some morphological changes drsemwed in the
composite, which may be due to the incorporatioMaiVO, in the PANI

fibres.

5.2.4.2Compositional analysis

The elemental composition of the composite isiedrout using EDS,
which is obtained in conjunction with the SEM measoents. The

spectrum obtained is shown in Fig. 5.8.

_cps/eV

Cl'C IN O Mn W Cl

0 _H‘[HHMH“H"[A‘LWH“YH
2.0 2.5

0.0 0.5 1.0 1.5 3.0 3.5

keV

Fig. 5.8EDS of PANI-MnWQ composite
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The elements present in the composite are Mn, WC,ON and CI.
Hydrogen being light element cannot be detectedhan EDS. But its
presence is confirmed by the occurrence of the geak hydrogen
containing functional groups in the FTIR spectrscdssed in section 5.2.3.
No impurity or loss of chemical elements is detdcteom the EDS
spectrum. Moreover, the elements present in thestitoants before the
formation of the composite are also confirmed ia fmal product. The

percentage occurrence of each element in the caompes given in

Table. 5.3.
Table 5.3EDS data of PANI-MnWQ@®
Element Series Mass% Atom%
C K 53.48 61.40
O K 21.54 18.56
N K 19.54 19.40
Mn K 0.63 0.16
W L 3.93 0.29
Cl K 0.87 0.34
Total 100 100

5.2.4.3TEM analysis of PANI-MnWO, nanocomposite

The TEM images for PANI-ES are shown in Fig. B@ad shaped
nanoparticles connected together are seen in B(p)5 The average size of

the particles is 8 nm. High resolution images ig.H.9 (b) and (c) show

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Polyaniline Composites

that some regions acrystalline anare compable with the (RD studie.
The separation betven the crystal planes measured fromre (c) is 0.35
nm. Fig. 5.9(d) show the SAED pattern. The three peaks fi in the XRD
pattern for PANIES namely(011), (020) and (200are als) seen in th
SAED pattern [1134]. This also confirms that the synthed PAN-ES

has some crystallineentres

a

Fig. 5.9TEM images of PAN-ES: (a) Bright field mag,
(b) and(c) HRTEM imags, and (d) SAED pattern
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Fig. 5.10TEM images of PAN-MnWO, composite: (a) and (loright field
images,(c) HRTEM image and (d) SAED pattern

The TEM imags of PAN-MnWO, nanocomposite arpresented i
Fig. 5.10. Nanosizesstructures are visible in the composithe Fig. 5.1(
(@) and (b show tle presence of spherical, e like anc rod shape:
structures in the conosite. Nanofibre of diameter about 14 is shown ir
the Fig. 5.10(b). It:an be seen from Fig. 5.10(c) that e crystalline

channels are separa by amorphous regions. These inter il regions are
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important when the electrical properties are diseds The Fig. 5.10(c)
again depicts some crystalline regions embeddedmorphous regions.
The SAED pattern shows the presence of crystalfpaks in PANI-

MnWO, composite.
5.2.5 UV-Visible spectroscopy

The UV-Visible absorption studies are performedhbm bare and

electron beam irradiated samples.

5.2.5.1UV-Visible spectroscopy of PANI-MnWO, composite

The UV-Visible absorption spectra after performitige Kubelka
Munk transformation of the diffuse reflectance fBANI and PANI-
MnWO, composite are shown in the Fig. 5.11. Two majosoaftions
peaks centred on 372 and 648 nm are obtained tdormated PANI. The
first broad peak centred on 372 nm is blue shitte838 nm and the second

one centred on 648 nm is red shifted to 665 nrhencomposite material

According to literature reports, the first transitiis due tom-m*
electronic transition in the phenyl ring of the yakr backbone and the
second transition is due to the inter band chargester associated with
excitation of the benzenoid to the quinoid moiefle% 23, 24]. Though the
first absorption peak is centred on 338 nm, it ed$e without much
variation up to 420 nm. The broad absorption rarfigea 375 to 425 nm is
due to polarone* transition and is characteristic of the emaraddéalt form

of PANI [18].
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Fig. 5.11UV-Visible absorption spectra of PANI and PANI-Mr@y/

Energy gap is determined for PANI and PANI-Mn\\€>mposite
from Tauc plot, shown in Fig. 5.12. The bandgamwi®d for PANI-ES is
1.50 eV. For the composite the optical bandgapevabtained is 1.48 eV.
This slight change in bandgap resulted from theradtion between its
constituents. Reduced bandgap in polaronic statespiorted by Deb et al.
[25]. The bandgap reported for PANI-ES from absorpspectrum studies
is 1.50 eV and is interpreted as excitation to molaband [26, 27].
Observed bandgap can be explained by the polartiitelastructure

proposed by Stafstrom et al. [24, 28].
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Fig. 5.12Tauc plot of PANI and PANI-MnW©

5.2.5.2UV-Visible spectroscopy of electron beam irradiated PANI-

MnWO, composite

The UV-Visible absorption spectra of bare (0 k@gjl electron beam
irradiated (4 and 8 kGy) PANI-MnWQcomposite samples are shown in
Fig. 5.13. It can be seen from Fig. 5.13 that theogption peaks are blue
shifted for the electron irradiated sample. It isteresting that the

absorbance increases with increase in electron dose
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Fig. 5.13UV-Visible absorption spectra of unirradiated and
electron beam irradiated PANI-MnWO

The bandgap values estimated from Tauc plots (Fit4) of the
irradiated samples with doses 0, 4 and 8 kGy arg, .41 and 1.52 eV,
respectively. Since the percentage of MnWWi®©the composite is small and
the absorption due to PANI is very high, contribatirom the former is not

distinct in the composite form.
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Fig. 5.14Tauc plot of the bare and irradiated PANI-Mn\WO
5.3 Electrical properties

In this section, the DC and AC conductivities drecussed. Also the

dielectric response of the bare and irradiated sesnplcompared.
5.3.1 DC electrical studies of PANI-MnWQO, composite

The variation in the conductivity of PANI-ES, baed electron beam
irradiated PANI-MnWQ composite are shown in Fig. 5.15. At 303 K, DC
conductivity values are 0.00042, 0.0023, 0.0036 @0033 S-cni for the
PANI-ES, 0, 4 and 8 kGy irradiated PANI-MnWnhanocomposite,
respectively. At 463 K, the corresponding valuesdnee 0.00087, 0.0031,
0.010 and 0.009 S-cmFig. 5.15 demonstrates that the DC conductity i

larger for the electron beam irradiated samples.
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In all the cases, the conductivity is found tor@ase with increase in
temperature. This type of thermally activated DC drantivity has been
observed with many other polyaniline composites attter conducting
polymers [29,30]. It is generally accepted thas tiype of conduction is due
to the hopping of charge carriers [31]. Though d banductor is added to
the PANI to form the composite, the conductivityggdoubled because of
synergistic effect of MNWQ@ molecule with the PANI-chain [32]. The
reason for the enhanced DC conductivity in thediagd sample is the
ordering and the effective increase in doping @& ®ANI chain in the
composite induced by the electron beam irradia#dso, the electron dose
affected the material properties [33]. It has besported that the electrical
conductivity of polyaniline based composite enhanapon irradiation by
gamma, electron beam or UV radiations [34]. Morepwtbe enhanced
electrical conductivity of electron irradiated PANINWO, composite can
be suitable for potential application like antigtatoatings and EMI
shielding. Further investigation is needed to deth@eoptimum ratio of the

components in the composite and suitable electose.d

The conductivity values obtained are similar toatthfor
semiconductors. In the present case the valuesnfalie range of 16 to
102 Scm'. These values of conductivity are many orderstgrethan that
of many conventional polymers (1®cm?). According to previous reports
on composites of polyaniline, this type of DC cociility takes place by
the hopping process due to wide range of localitaes and the increase in

conductivity in the composite must be due to thé&isly of the Fermi level
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[35, 36]. Though the added nanoparticles have mmorductivity, their
presence in the composite has resulted in bettec@tuctivity than that

of pure PANI (Fig. 5.15).
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Fig. 5.15Variation in the DC conductivity of PANI-ES, PANIWO, and

electron beam irradiated PANI-MnW®ith temperature
5.3.2 AC electrical
AC electrical studies include determination of thieequency

dependence of the dielectric constant and tangsst for the unirradiated

and electron beam irradiated samples of PANI-MnWea&nocomposite.

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. .. 17

wu



Chapter— 5

5.3.2.1 Didlectric studies of PANI-MnWO, composite

Dielectric constant

Dielectric constants at different frequencies aakewated from the
measured values of capacitance at the correspofidiggencies. Fig. 5.16
shows the frequency dependence of the dielectricstaoh for the
unirradiated (0 kGy) and irradiated (4 and 8 kGyANP-MnWO,

nanocomposite in the range 20 Hz to 2 MHz at roempierature.

PANI-MNWO,

Dielectric constant

logf
Fig. 5.16Frequency dependence of the dielectric constathtein

unirradiated and irradiated PANI-MnWO
The value of dielectric constant is very highially and decreases
exponentially with log f. Its value at 100 Hz is527 10220 and 9220 for
the 0 kGy, 4 and 8kGy irradiated samples, respdgtivEhe dielectric
constant got doubled in the irradiated case. AHZMhe corresponding

values are 166, 260 and 213 for the three sampléBe decrease in
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dielectric constant with frequency is due to digiecrelaxation [22, 37,
38]. At lower frequencies charges accumulate at iherfaces of
conducting PANI and MnW@patrticles which results in Maxwell-Wagner-
Sillars interfacial polarization [39, 40]. This pteemenon also contributes

to dielectric relaxation.
Dielectric loss

The variations in loss tangents witbg f for the bare and electron
irradiated samples are shown in Fig. 5.17. The fasgents observed at 10
kHz for the bare (0 kGy), 4 and 8 kGy irradiatethptes are 8.49, 6.48 and
5.37, respectively. Low values of loss tangentssaen in the case of the
irradiated samples. The corresponding values atz ke 0.31, 0.42 and

0.27 respectively. The dielectric losses are dumtmuction losses.

10 - PANI-MnWO,

Tan &

0 T T T T T T T T T T T
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

log f

Fig. 5.17Variation of loss tangent of the bare and
electron irradiated PANI-MnW©
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5.3.2.2 AC conductivity studies

The variation in AC conductivity as a functionfoéquency is shown
in Fig. 5.18. An exponential increase in AC conduist is observed in the
three cases. At 4 kHz, the values of AC condugtiaite 0.0017, 0.00151
and 0.0012 Scihfor the unirradiated, 4 and 8 kGy irradiated saspl
respectively. At 1 MHz, the corresponding values @0031, 0.0036 and
0.0024 Scril. In the case of 4 kGy the AC conductivity over sdbat of

the unirradiated sample at higher frequencies.

0.005
! 4 kGy
PANI-MnWO, :
"= 0.004-
@ 0 kGy
=y
>
S 0.003
: r
B . 8kGy
&)
O
< 0.002-
0.001 T T T T T T T T T T T T T T
3.0 35 4.0 4.5 5.0 5.5 6.0 6.5

log f
Fig. 5.18Variation in AC conductivity as a function of fregncy in

unirradiated and irradiated samples of PANI-MnyO
It is very clear from the three curves (Fig. 5.18at the AC
conductivity is greatly affected with electron beamadiation dose. The
inter-chain separation is affected by irradiatiofl]] The motion of

delocalized electrons through the polymer back band hopping of
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electrons between nearest redox sites on the polghran contributes to

AC conduction in PANI-composites [42]. Depending thie dose, chain-

scission, cross-linking and change in the ordemwfighe chains occurs

leading to the observed variations in the AC comiglitg of the irradiated

ac

logo

sample [43].
Equation ¥ =a + b*x

2.390kGy Intercept  -3.40075 PANI-MnWO,

I Slope 0.12997
2.4 14 kGy Intercept -3.72466 4 KGy .’
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-2.7 1
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AC

Fig. 5.19Linear fits of logw versus log & plots

A linear fits oflog @ versudog [ay] plots are given in Fig. 5.19. The

studies in many polyaniline composites, repoiti® power law

behaviour. In the case of PANI-MnWQ@ilso the power law dependence

given byo,.(w) = Aw™ is satisfied [30, 44-46]. Values of determined

from the slopes of the linear fit in Fig. 19 ard3).0.19 and 0.16 for the

unirradiated, 4 and 8 kGy irradiated compositespeetively. These values
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are between 0 and 1. Hence, the contribution tadmeluction by hopping
process is confirmed.
5.4 Characterization of PANI-CaWO,4 nanocomposite

5.4.1 Thermal analysis

The TGA/DTA curves obtained for PANI- CaVW@omposite when
heated in oxygen atmosphere are shown in Fig. 5TA@. solid curve
represents the weight loss occurring to the sampkn it is heated from 40
to 850 °C. It shows mainly two weight losses ceahton 83.63 and

568.45°C.
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Fig. 5.20TGA/DTA curves of PANI-CaW@®composite

The first weight loss is due to the removal of mais from the

composite [7]. The loss of HCI molecules in thiseas not as sharp and
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fast as in the case of PANI-MnWQomposite. The decomposition of
PANI-chain begins around 450 °C and is maximize®68.45 °C and is
completed around 675 °C. The residue must be Ca&@is very stable to
heating up to 900 °C. In the present case the bwseaght loss, when
heated up to 700 °C, is about 65%. The wide exotitenature of the DTA
curve from 150 to 500 °C suggest the cross linkiogurring in the PANI.
TGA results suggest that heating beyond 250 °CGasaipper application
limit of temperature because the elimination of do@ant results in loss of

conductivity [47].

5.4.2 Structural characterization

5.4.2.1 XRD study

XRD patterns of PANI-ES, CaWGand PANI-CAWQ are shown in
Fig. 5.21. As discussed in section 5.2.2.1, for RER, the peak centred at
20 = 20.15° is attributed to periodicity paralleltte polymer chain, while
the peaks at @ = 25.27° is due to the periodicity perpendicularthe
polymer chain [11-13]. This indicates that there laical crystalline centres
embedded in amorphous PANI [48]. The XRD pattermanhocrystalline
CaWQ, is discussed in detail in section 4.3.1. It hascheslite-type
tetragonal structure and a space grodypa in aCS, symmetry (JCPDS
number 77-2235). In the case of PANI-CayM@nocomposite the XRD
profile shown cannot display clearly the peaks assed with PANI-ES as
they are of very low intensities. All the peaks ampacing detected

correspond to the records in JCPDS file no. 77-28B&aWQ,. Therefore,

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. .. 181



Chapter— 5

it may be concluded that the crystal structure afM®, is retained in the
composite. The average particle size calculatedCdawQ, and PANI-

CaWwQ,are 39.67 and 35.24 nm, respectively.
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Fig. 5.21XRD patterns of PANI, Cawfand PANI-CaW@ nanocomposite

Table 5.4 represents the XRD data related to thprnpmeaks of

CaWaQ, (Cy) before and after the composite formation. It banseen from
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the table that the major peak positions of CaVé@e slightly shifted to
lower 2 values in the composite. Accordingly there isighslincrease in

thed spacing.

Table 5.4XRD results for CaW@and PANI-CaWQ composite

Major 20 EWHM d Average
Sample peaks A crystallite
(hKI) (degree)  (degree) (A) size (M)
(101) 18.88 0.182 4.71
(112) 28.99 0.183 3.08
CawQ (Cy) 39.67
(204) 47.32 0.223 1.92
(312) 58.09 0.278 1.59
(101) 18.49 0.219 4.79
PANI- (112) 28.53 0.225 3.13
CawQ 35.24
composite (204) 46.85 0.253 1.94
(312) 57.63 0.311 1.60

5.4.2.2 XRD study of electron beam irradiated PANI-CaWO,

Fig. 5.22 shows the XRD patterns obtained for awiiated (0 kGy)
and electron beam irradiated (4 and 8 kGy) PANI-CaWanocomposite.
The major peaks obtained are labelled. It is irstiamg to find that the
intensity of PANI peaks is more visible for the ctten beam irradiated
samples. This indicates improvement in the conjogatlength for
delocalizing the=- electrons. So an improvement in the electrical
conductivity for the electron beam irradiated saaplof polyaniline

composites can be predicted.
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Fig. 5.22XRD patterns of unirradiated and electron beam
irradiated PANI-CaW@nanocomposite

The major peaks of CaW(C,), their d values, FWHM andl
spacing, before and after the composite formatiath \wolyaniline, are
given in the Table 5.5. The average crystalliteesiestimated are 35.24,
13.19 and 20.77 nm for samples irradiated withtedecdoses of 0, 4 and 8
kGy, respectively.
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Table 5.5XRD results for bare and electron irradiated PANIWQ, samples

Major 20 FWHM q Average
Sample peaks (degree)  (degree) A crystallite
(hi) A size (nm)
(101) 18.49 0219  4.79
PANI- (112) 28.53 0.225  3.13
CawQg 35.24
(0 kGy) (204) 46.85 0.253  1.94
(312) 57.63 0311  1.60
(101) 18.96 0542  4.69
PANI- (112) 29.08 0.651 3.07
CawQ 13.19
(4 kGy) (204) 47.38 0670  1.92
(312) 57.96 0.726 1.59
(101) 18.78 0.379 4.72
PANI- (112) 28.88 0.429 3.13
Cawg, 20.77
(8 kGy) (204) 47.23 0391  1.92
(312) 58.00 0.424 1.59

Though electron beam irradiation produces defectstings about
more order in the PANI matrix. But the intensitiesthe CaWQ peaks
become greatly reduced. The reason attributes teitieereduction as well
as the formation of thin PANI layers over Ca\WQ@articles. This
observation is supported by similar results rembite other polyaniline
composites [32]. The large reduction in crystalbiee of the composite

after electron irradiation can result in changesaterial properties.
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5.4.3 FTIR spectroscopy
5.4.3.1 FTIR analysisof PANI-CAWQO, nanocomposite

Fig. 5.23 shows the FTIR spectra of PANI, Cayd@d PANI-CaWQ
nanocomposite. The FTIR absorption modes are disdusn section
5.2.3.1. The characteristic N-H stretching frequesiare found to centre on
3348 cni. The chemical bonds responsible for the absorpteake related
to CaWQ have been discussed in the section 4.4.1. Thallpeak at 812
cm* in the IR spectrum for CaW(becomes sharp in the composite. The
peak at 448 cihgot shifted to 492 cthin the composite. Another change
observed is the shift of peak at 1141 cim PANI-ES to 1101 cih

977
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%Transmittance {a.u.)

PANI-CaWO,

¥
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¥
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Fig. 5.23FTIR spectra of PANI-ES, CaW@nd PANI- CaW@ nanocomposite
The anti-symmetric stretching vibration of the [WCand the
bending vibration of W-O bond in CaW@re modified due to interaction

with PANI. The quinoid and benzenoid ring stretchinigrations at 1643,
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1557 cmi*are also affected by the presence of CaWWiQhe composite. All
other major bands observed in PANI appear in thepasite product also.
These observations confirm the formation of the R&EWO,
nanocomposite.

5.4.3.2 FTIR analysisof electron beam irradiated PANI-CAWO,

FTIR spectra of unirradiated, and electron beawdiated (4 and 8
kGy) PANI-CaWQ nanocomposite are shown in the Fig. 5.24. The
prominent absorption bands found in the PANI-Ca)\s@mposite are
retained in the irradiated samples. Two new feealgorption bands are
found at 676 and 602 c¢hin the electron irradiated samples. Thus the
interaction between the metal ions with PANI-ESaduces new vibrations

in the [WQy] stretching vibrations.

PANI-CaWoO,

0 kGy

Y% Transmittance (a.u.)

T T T T T T T T T T T I N
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Fig. 5.24FTIR spectra of unirradiated and electron beaadiated PANI-CaW®
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The band at 101 cn™ shifts to 1125 ciin the irradited samples
This shift is due tahe VanderWaal's interaction betwee CaW(, and
polyaniline chain similar to literature reporton polvaniline/CdO
nanocomposite [22]in this case the absorption is strongnd hence, a
increase in the char delocalization is expected. The FTIhalysis of the
composite shows ncegradation due to electron beam irraon.
5.4.4 Electron microscopy
The morpholog, size and shapes ofe composite arstudied using

FE-SEM and TEM aalysis.

5.4.4.1 FE-SEM analysis of PANI-CaWQO, nanocomposite

The FESEM image for PAN-CaWQ, is shown in te Fig. 5.25
Irregular and regulashaped structures are seen in th-SEM images. Ro«
shaped structure odifferent diameters is seen in the ige. CaW(,

nanoparticles embeed in the polymer matrix are also visiim the figure.

Fig. 5.25FE-SEM image of PANI-CaW@nanocompo:te
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5.4.4.2 Compositional analysis of PANI-CaWO, nanocomposite

The EDS spectrum obtained is shown in Fig. 5.28e Elements
detected in the PANI-CaWhanocomposite are carbon, oxygen, nitrogen,
calcium, tungsten and chlorine. Hydrogen being ghtlielement is not
detected in the EDS analysis. But, its presencebeaconfirmed from the
presence of different hydrogen containing functiogrups in the FTIR

spectrum. The EDS data is presented in Table 5.6.

cps/eV

Cl

W N O
Ca

=

Cl Ca

u L e S e Y LA S B B S s e
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Fig. 5.26EDS spectrum of PANI-CaWf{hanocomposite

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Chapter— 5

Table 5.6 The EDS data of PANI-CaWO

Element Series Mass% Atom%

C K 22.28 58.54
O K 9.80 19.34
N K 4.02 9.05
Ca K 3.16 2.49
W L 60.53 10.39
Cl K 0.21 0.19

Total 100 100

5.4.4.3 TEM analysis of PANI-CawO, nanocomposite

The TEM images of PANI-CaWf{romposite are shown in Fig. 5.27.
Figures (a) and (b) are images showing two differeagnifications. They
show beads like PANI-ES entangled around Caw@noparticles. The
HRTEM image (Fig. 5.27 (c)) shows crystalline aslivas amorphous
regions. The boundary between these regions igctatiterfacial region
which plays important role in interpreting the égric properties. The Fig.

5.27 (d) shows SAED pattern of the composite.
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Fig. 5.27TEM images of PANI-CaW®nanocomposite
5.4.5 UV-Visible spectroscopy

5.4.5.1 UV-Visible spectroscopy of PANI-CaWO,composite

UV-Visible absorption spectra of HCI doped PANOaPANI-CaW(Q
nanocomposite are shown in Fig. 5.28 (a). PANIthasabsorption peaks.
These absorption peaks are formed at 372 and 648 nhe UV-Visible
spectrum for PANI. In the composite the correspoggieaks are formed at

430 and 685 nm, respectively. Also the absorbanéeund to be lower for
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the composite. The absorbance spectra in Fig. 28h@wv that both PANI

and its composite are good absorbers of UV-Vigiatkations [14].

200 300 400 500 00 7OO 800 sﬂit}.ﬂﬂ 1.25 1.50 1.75 2.00 225

152}2 PANI-CawO,  gasnm D panicawo,
430 nm ! 600 -
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\ : 400 | ,
7.6} : i £
3 : ; 3 200f T 1
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5 B ' 845 oan | £ PANI
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i
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Fig. 5.28(a) UV-Visible spectra and (b) Tauc plots of PAMba
PANI-CaW(Q,
The Tauc plots for PANI and PANI-CaW@re shown in Fig. 5.28
(b). The bandgaps obtained are 1.50 and 1.16 eWAdI and PANI-
CaWaQ, respectively.

5.4.5.2 UV-Visible spectroscopy of irradiated PANI-CaWO,

UV-Visible absorption spectra of bare (0 kGy) amddiated (4and 8
kGy) composites are shown in Fig. 5.29. In the dampradiated with 4
kGy, the absorption peaks are centred on 412 addn®7. But for the
sample irradiated with 8 kGy, the absorption peaies shifted to 410 and
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680 nm, respectively. These shifts in peaks ocaertd the variation in the
interaction of Caw@with PANI in the composite due to the crystalbiee
variation of CaWQ@ upon electron irradiation. The intensity of absiompt
first increases with 4 kGy dose, but shows a slagurease for 8 kGy dose.

This might be due to ordering of PANI-chains at éowelectron doses after

chain scission.

30
_ PANI-CaWo, 677
25 . -..... [0 '040--...
.._- X ﬁso ..'..
. 20 _ “.‘ Ll PP ". . ..‘.-' "‘.’ “\““
S A _410 8kGy
‘l_“: ------- - e . -"l
" - 685
o
=
E 430 0 kGy
s --f""""-_‘-_d——_
h
£
<L
D T T T T ¥ T T | T ] !
200 300 400 500 600 700 800

Wavelength (nm)

Fig. 5.29UV-Visible spectra of the bare and irradiated PANIWQ,

The bandgaps determined from the Tauc plot in %i80 are 1.16,
1.29 and 1.28 eV respectively for the 0, 4 and & k@diated samples.
These values are less than the bandgap for thedd®phll. This indicates
changes within the highest occupied molecular aklffOMO) and lowest
unoccupied molecular orbital (LUMO) bands as a ltesfi composite

formation. These facts confirm the interaction kedw PANI and CaWp
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nanoparticles. Also an additional peak appearshé dlectron irradiated
samples centred on 271 nm, which corresponds taliserption due to
CaWQ, nanoparticles as a result of irradiation damages.

3000

- PANI-CaWO,
2500

2000 4

1500

1000

Absorbance (a.u.)

500 -

: : : : :
1.00 1.25 1.50 1.75 2.00
hy (eV)

Fig. 5.30Tauc plots of the unirradiated and irradiated
PANI-CaWQ, samples

The appearance of a bump in the first absorpticak pedicates that
the UV absorbance increases upon irradiation. Thebservations
strengthen the formation of new polaron bandss found that in PANI-
CaWQ, composite the bandgap decreased to 1.16 eV conipatee
bandgap of 1.50 eV of PANI-ES. The decrease irofiteeal bandgap in the
present system may be due to reduction in the aiksasf the system and
increase in the density of defect states [35]. DhoCaWQ is a wide-
bandgap semiconductor, the small bandgap obtainedPANI-CaWQ

attributes to the formation of PANI films over Ca\Wanoparticles.
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5.5 Electrical properties

5.5.1 DC conductivity of PANI-CaWO, composite

The variations in DC conductivity of PANI-ES, 0, &hd 8 kGy
irradiated PANI-CaW@nanocomposite with temperature are plotted in the
Fig. 5.31. At 303 K, the DC conductivity values &&0042, 0.0015,
0.0016 and 0.0015 S-chmfor the PANI-ES, 0, 4 and 8 kGy irradiated
PANI-CaWQ, nanocomposite, respectively. At 443 K, the coroesiing
values of DC conductivity become 0.0012, 0.003R086 and 0.0035 S-
cm?, respectively. The DC conductivity is higher ire tbtomposite samples
than in pure PANI-ES. The mechanism of conductionPANI-CaWQ
nanocomposite is similar to that for PANI-MnW@s discusseid section
5.3.1. In the 4 kGy electron beam irradiated samfile values of DC

conductivity are slightly elevated.

0.00351 ___ pani.cawo, (0 kGy) d'.k.(.;%&:.'--':
1++-+ PANI-CaWO, (4 kGy) o BKG
£~ 0.0030 1....... paNI-CawO, (8 kGy)
£ ] e
© - _."
& 0.0025-
'E 0.0020d = L.
Q .
= 1 Leees®
u -
§ 0.0015 1
Q 1 PANI ...
2 0.0010
0.0005 . ..ooam=m

! I ! I ! I v I ! I ' I ! I
320 340 360 380 400 420 440
Temperature (K)

Fig. 5.31Variation in DC conductivity with temperature oARI-ES, PANI-
CawWQ and 4 kGy irradiated PANI-CaWO
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The presence of CaW@auses increased delocalization length that is
reflected in the improved DC conductivity in the ngmosite. Similar
observation in other PANI composite supports thisesvation [49]. The
Fig. 5.31 shows that the DC conductivity increasehl temperature, which

confirms semiconducting nature of the compositeam

5.5.2 AC electrical studies

5.5.2.1Didectric studies of PANI-CaWQO, nanocomposite
Dielectric constant

The variation of dielectric constant of 0, 4 an#®y electron beam
irradiated PANI-CaWQ@samples as a function of frequency is shown in the
Fig. 5.32. The values of dielectric constant at HaCare 27838, 28974 and
22168 for the 0, 4 and 8 kGy irradiated samplesliHz, the respective
values are 122, 153 and 121. All samples show airnype of variation in
dielectric constant. Initially at lower frequenciése value of dielectric
constant is very high. It decreases with increadmguencies showing
dielectric relaxation. Interfacial polarisation t¢obutes to the unusually
high values of dielectric constant. Besides int@dia polarization, the
compound exhibits different types of polarizatiqdgoolar, atomic, ionic,
electronic etc.) which contribute to decrease ialeditric constant with
increase in AC frequency [50]. The overall behaviosi a dielectric

relaxation.
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80000

60000

40000

Dielectric constant

PANI-CaWo,

Fig. 5.32Variation of dielectric constant with frequencyadéctron beam

Dielectric loss

irradiated PANI-CaW@samples

Fig. 5.33 presents the variation of Tawith log f for PANI-CawWQ

samples irradiated with 0, 4 and 8 kGy electroredo3 he values of Tah

at 100 Hz are 8.63, 8.4 and 6.73 for samples mtadiwith 0, 4 and 8 kGy

doses, respectively. The loss tangent is high atedofrequencies and

decreases with increase in frequency. Besides,téoggent shows a slight

decrease with increase in electron dose.
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PANI-Cawo,

Tan &

log f

Fig. 5.33Variation in the loss tangent with log f of the
electron irradiated PANI-CaWamples

The large dielectric constant and low dielectracssl composite
material is useful for potential applications likecro-actuators and metal

oxide semiconductor applications [51].
5.5.2.2AC conductivity studies

The frequency dependence of AC conductivity of Gandl 8 kGy
irradiated samples is given in the Fig. 5.34. Thies of AC conductivity
at 100 Hz are 0.0014, 0.0016 and 0.00050 Sdor 0, 4 and 8 kGy
irradiated samples, respectively. At 1 MHz, theresponding values are
0.0044, 0.0044 and 0.0023 StnThe AC conductivity in the irradiated

samples is slightly reduced with increase in iraéidn dose.
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Fig. 5.34Variation in the AC conductivity of PANI-CaWO
composite as a function of frequency
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The power law dependence of AC conductivity carcthecked using
the plot of logw versus log &, curve in Fig. 5.35. The values of n
obtained from the slopes are 0.12, 0.12 and 04jewtively for 0, 4 and 8
kGy irradiated samples. These values lie betweamd 1, which means
conduction is by hopping process.

5.6 Potential applications of PANI-MnWO, and PANI-CaWQO,
nanocomposites-a comparison

Both PANI-MNnWQ, and PANI-CaWQ@ nanocomposites have high
dielectric constants and low loss tangents. Thiscates their potential in
microwave applications. In the electron beam imgeti sample a 10-fold
increase in DC conductivity is measured for PANIAM@,. This shows its
potential for the wuse in applications like antistatcoatings and
electromagnetic interference shielding. PANI-MnW® thermally more

stable compared to PANI-CaW@anocomposite.

5.7 Conclusion
» Polyaniline composites of MnWO and CaWQ are readily
synthesized byn situ chemical oxidative polymerization of aniline

monomer.

» TGA/DTA analysis shows that PANI-ES compositeswfgstates are
not thermally stable above 250 °C. Above 250 °Gprd¢onation
followed by decomposition of PANI occurs. Howevdhermal
analysis shows evidence for some cross-linkingAiflPchains in the

composite centred on 425 °C.
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»  XRD studies confirm the presence of local crystallcentres of PANI
in PANI-MnWQO,/CaWQ, composites. The average crystallite size of
PANI-MNnWQO,/CaWQ, composites is lower compared to the
crystallite size of the nanocrystalline Mn\WOaWQ, before the
composite formation. Electron beam irradiation GANP-MnWO,
shows crystallite size reduction with increasingcélon doses. In
PANI-CaWQ, the crystallite size first decreases and themesmses

with increase in electron dose.

»  All chemical bonds present in PANI-ES and MnWCaWQ, are
revealed in the FTIR studies of PANI-MnWQGaWQ, composites.
Moreover slight changes in certain peak positiamsicm interaction
between PANI and tungstates in the composites.HHB spectrum
shows a new weak absorption peak centred on 1066ircrRANI-
MnWO,. In the electron irradiated PANI-MnWGsample this peak
shifts to 1107 cm. A similar event is observed in PANI-CaWO
composite at 1101 chand the peak shifts to 1126 ¢m the electron
irradiated samples. The shift in peak positiongli® to the cross
linking and charge delocalization in PANI.

>  Fibre clew-like morphology is seen in the SEM imagé PANI-ES
and PANI-MnWQ composites. Very long rod shaped structures along
with irregular shaped clusters are seen in the SfEkges of PANI-
CaWQ, composite. Magnified FE-SEM shows an average dieinof

the fibres less than 100 nm. The EDS analysis oosfthe presence
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of all elements those are expected in the PANI-MnZ&@waQ,

composites.

» TEM images show bead shaped PANI connected together long
chain. The presence of crystalline centres in P&NIisible from the
HRTEM images. Crystallinity of PANI is also suppexdtby the SAED
pattern obtained. TEM images of PANI-MnWOaWQ, composites
contained nanostructures of different shapes withagority of PANI

fibres.

»  UV-Visible absorption studies reveal two absorpto@mtres in PANI-
MnWO,/CaWQ, composites which correspond ter* electronic
transition and the inter band charge transfer aas®mtwith excitation
of the benzenoid to the quinoid moieties. The fabsorption peak
centres on 340 nm and the second one on 665 nAANH-RINWO ,.
The corresponding peaks in the case of PANI-C3Af@ seen centred
at 430 and 685 nm, respectively. These peak posiaoe shifted from
those of PANI differently due to the difference ftime interaction
between PANI and the two tungstates. The opticatbap of PANI-
ES is found to be 1.5 eV and it decreased to 1B 116 eV in
PANI-MNnWOQO, and PANI-CaWQ@ composites, respectively. It is
interesting that a decrease in the bandgap of Péddurs upon
composite formation. However, electron beam irr@diasamples

show only a slight variation in the bandgap.

» The DC conductivity of both PANI-MnWgQ and PANI-CaWQ

nanocomposite varies in the range of*1® 10° Scm' as the
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temperature is raised from the room temperaturgtut 450 K. DC
conductivity of PANI increases upon composite fatiora This might
be due to the positive synergistic effect betwdenpgolymer and the
tungstates that improves the polaron hopping. & dlectron beam
irradiated sample a 10-fold increase in DC conghigtis measured
for PANI-MnWO,. This shows its potential for the use in applmasi
like antistatic coatings and electromagnetic imeshce shielding.
PANI-CaWQ, exhibits only a slight increase in DC conductivitythe

irradiated samples.

»  In PANI-MnWO,/CaWQ, composites slight and random variations in
dielectric constant and loss tangent are seen afstron beam
irradiation. But high dielectric constant and lovg$ tangents in these
materials indicate their potential in microwave laggiions. AC
studies show that both the composites obeyed themplaw and that

the conduction is due to polaron hopping.
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Chapter .6
SUMMARY

The main objective of the present investigation,basught out in
section 1.3, is to synthesize and characterize ptease MnWQ, CaWQ
and their polyaniline composites (PANI-MnWQGaWQ,). Nanocrystalline
MnWO, and CaWQ are synthesized using simple chemical precipitatio
method and are characterized using various toolmeagtioned in Chapter
2. The structural, optical and electrical charaz#tions of the synthesized
nanocrystalline MnW@® and CaWQ before and after electron beam
irradiation are presented in Chapter 3 and 4 rdsede Polyaniline
composites of MNWQ and CaWQ are synthesized by situ chemical
oxidative polymerization of aniline and their projpes are investigated
using structural, optical and electrical charaetgion techniques. The
synthesis method and characterization results aleitlg discussion are

presented in Chapter 5.

A summary of the synthesis, characterization aeceffect of electron
beam irradiation in nanocrystalline MnWQCaWQ, and their polyaniline

composites (PANI-MnW@CaWQ,) are presented in the current chapter.
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The important outcomes, promising applications dfe tmaterials
synthesized and the outlook of the research wagknagntioned as closing

remarks of this chapter.
6.1 Summary of research

Nanocrystalline MNW@Qin the powder form is successfully prepared
by simple chemical precipitation method. TGA/DTAalrsis shows that
the material is thermally stable in the temperatargge 390-850 °C. XRD
analysis confirms the monoclinic wolframite struetuThe crystallite size
is found to increase with increase in the calcoratiemperature which
results in slight lattice contraction. The electiogam irradiated samples
exhibit a decrease in crystallite size with lattesgpansion. FTIR studies
further confirm the formation of MnW{ Careful observation reveals
eighteen Raman modes in the range 100 to 120b @ime electron beam
irradiation results in the broadening and slighiebkhift of the Raman
peaks. SEM analysis shows that the particles agyeeggted to form micro-
clusters and do not reveal any regular shape frmtrticles or clusters.
There is more aggregation of particles due to eladbeam irradiation. The
EDS analysis confirms the presence of all the eftesneexpected for
MnWO,. Bar-shaped morphology for the particles with dttviof ~78 nm

is found in TEM images.

The UV-Visible absorption maximum for the syntlzesi MNWQ
nanoparticle is found to be in the ultraviolet myi Calculations show a

bandgap of 2.63 eV for the sample calcined at 460 Ih MnWQ,

Synthesis, Characterization and Electron Beam Irradiation Studies of Selected Nanocrystalline. ..



Summary

nanoparticles, a slight decrease in bandgap isnoddavith the increase in
calcination temperature. In the electron beam iated samples, increase in
absorbance and bandgap is observed. Electron beadiated samples
show slightly enhanced PL emission due to the meadf new defect
states. These observations indicate its potent@ photocatalytic

applications.

Thermally activated polaronic DC conductivity issebved in both
unirradiated and irradiated samples of MnyV@ ten-fold increase in DC
conductivity in the electron irradiated sample @nformed. AC studies
show that the values of dielectric constant and taegent increase with the
increase in temperature. The values decrease métintrease in grain size
at lower frequencies. AC conductivity increaseshwihe increase in
frequency in accordance with the Jonscher's unaleppwer law. The
frequency independent part of the observed AC coindty is lower in
samples calcined at higher temperatures. But tRis@mponent is elevated
as the measurement temperature is increased. Cedhparunirradiated
sample the values of dielectric constant, tangesg bnd AC conductivity
are enhanced in the irradiated MnW&amples. In brief, the optical and
electrical properties of the MnWQnhanoparticles synthesized in this work
can be tuned using calcination and electron beeadiation. The MNWQ
particles tailored in this manner have the potémbiaphotocatalysis and to

sense humidity.

Nanocrystalline CaW® is synthesized by simple chemical

precipitation. White powder form of the final produs found to be very
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stable in the temperature range from 350 to 850X®D studies confirm
the tetragonal scheelite structure of CalW@nlike MnWGQ,, a lattice
expansion is observed in this structure on incngadhe calcination
temperature. The average crystallite size alsoeas®s in the samples
calcined at higher temperatures. But, the crystalize first increases and
then decreases on increasing the electron dose@Gr8rkGy in steps of 2
kGy. Formation of the various bonds in Ca\WM®confirmed through FTIR
spectrum analysis. Out of the 13 Raman bands peediny theory only 10
peaks are observed in the product. SEM imagesayighimb-bell shaped
nanoclusters. SEM images show that the samplaatestiwith 6 kGy is the
most affected. Compositional analysis using EDSioos the presence of
all the elements expected for CaWOhe aggregation of nanoparticles
produces a thick contrast in the TEM image. Aversige of the particles is

~82 nm.

UV-Visible absorptionstudies of calcined samples show red shift in
the absorption edge because of the reduction inbdmedgap due to
calcination. A bandgap of 4.12 eV is calculated @WQ, nanoparticles
calcined at 350 °C. A variation in the bandgap ¢oaadance with particle
size variation is also observed in the electrombeaadiated samples. PL
peak shifts from 350 to 430 nm as the calcinatenperature varies from
350 to 650 °C. The PL intensity also decreasesrdougly. Electron beam
irradiation of CaWQ@ sample produces remarkable changes in its PL
properties. PL emission peak in CaWWlcined at 350 °C is found to be at

~357 nm in the ultraviolet region. For lower dosesd2tkGy) of electron
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beam irradiation, the PL emission in Ca\M®shifted to longer wavelength
at~430 nm. The emission peak returns to the initial pasigradually with
further increase in electron dose. These shiftlinemission peaks occur

due to variations in the emission centres causetiffgrent electron dose.

In CaWQ, DC electrical conductivity increases exponenyiailith
temperature. The low values of activation energyioled for the sample
support conduction by ionic hopping. The condutyivof the irradiated
sample is higher than that of the bare sample.ebiet study reveals the
usual relaxation processes relating to the diffetgpes of polarizations.
But in the irradiated samples, dielectric constami losses are elevated at
lower frequencies. But the loss is very low at liglrequencies. In
nanocrystalline CaWg) AC conductivity shows power law dependence. In
the irradiated sample, an enhanced AC conductisitybserved. In short,
the electron beam irradiation in nanocrystallineMCx can modify its
structural, optical and electrical properties. H@t beam irradiation
creates interesting changes in the PL propertyhef rnhaterial. Proper
selection of calcination temperature as well asteda dose can produce

intense PL emission and it can be tuned for spgeagplications.

PANI-MnWQO,/CaWQ, nanocomposites are synthesized under normal
conditions by adding MnWgCaWQ, during thein situ chemical oxidative
polymerization of aniline monomer in the presencehwfirochloric acid
using ammonium persulphate (APS) as oxidant. HQbedoform of
polymer nanocomposite appears greenish-back. Themnadysis shows a

dedoping of PANI in the temperature range from 85@00 °C. But, there
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is evidence for the cross-linking of PANI chainsnited on 425 °C.
Decomposition of PANI occurs in the temperaturegeafrom 450 to 650
°C and is maximum at 541.16 °C. From these obsensmtit may be
concluded that PANI is not thermally stable above 96. PANI composite

is found to be more stable.

XRD analysis of PANI-MnWQ@ composites confirms localized
crystalline centres (PANI) other than the crystaliregions of tungstates.
All major peaks found in the XRD spectrum of Mn\W&re also present in
the spectrum of the PANI- MnWQOcomposite. Due to the interaction
between PANI and tungstate, the XRD peaks in theposite are slightly
shifted to lower 2 values. A further shift in@2occurs in the electron beam
irradiated samples. Average crystallite size ola@ifor PANI-MnWGQ is
11.5 nm. A comparison of the FTIR spectra of PAN-BMINWQ, and
PANI-MNnWQO, confirm the formation of the PANI composite. A new
absorption peak (FTIR) appears in the electrordiatad sample at 1107

cm* which is related to cross linking and charge deliaation.

Fibre clew-like morphology is seen in the SEM imagf PANI-ES
and PANI-MnWQ. Magnified FE-SEM shows an average fibre diameter
~80 nm. In the EDS analysis of PANI-MnW@omposite, the elements
carbon, oxygen, nitrogen, manganese, tungsten hladiree are detected.
Hydrogen being a very light element is not detedtethe EDS. But the
presence of hydrogen in the composite is confirfmeoh the presence of
hydrogen containing functional groups in the FTIgecrum of PANI-
MnWO,. TEM images show bead shaped PANI connected tegeth a
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long chain. Semi-crystalline regions in PANI areibie in the HRTEM
images. Crystallinity of PANI is also supported by SAED pattern
obtained. TEM images of PANI-MnW omposite contain nanostructures

of different shapes along with nanofibres.

Two major absorption centres are found in the UsHMe spectrum
of PANI composites with tungstates. In the PANI-Bfhthesized, two
absorption peaks are observed at 372 and 648 nnRANI-MnWO,
composite the first absorption peak is shifted 40 8m and the second to
665 nm. The shift in the peak positions are duthéinteraction between
PANI and MnWQ nanoparticles. The bandgap decreased from 1.501&
eV in PANI-MnWOQ,.

The DC conductivity of PANI-MnW@ nanocomposite varied in the
range of 10 to 10° Scm' as the temperature is raised from room
temperature to about 450 K. Semiconductor behavsuveflected in this
observation. But in electron beam irradiated sampl&é0-fold increase in
DC conductivity is measured. There is an increasBC conductivity of
PANI upon composite formation due to the positiygesgistic effect
between the polyaniline and the tungstate thatesmxs the polaron
hopping. AC studies proved the Jonscher’'s powerdapendence of AC
conductivity in PANI-MnWQ composite and confirmed polaron hopping.
Only slight and random variations in dielectric stamt and loss tangent are

caused by electron beam irradiation.
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Decrease in crystallite size with increase in tetec dose is also
observed in PANI- CaWgcomposite. The crystallite size in PANI-CaWO
composite also changes upon electron irradiatiome FTIR spectrum
showed a new absorption peak in the electron mtadi PANI-CaWQ@
sample at 1126 cm This indicates that the doping of PANI is enhahbg
electron irradiation. The SEM micrographs of PABHWQ, show very
long rod shaped fibres along with irregular shapkdters. In the EDS
analysis of PANI- CaW@ composite, the elements carbon, oxygen,
nitrogen, calcium, tungsten and chlorine are detecTEM images of
PANI-CaWQ, composite also contain nanostructures of differgrdpes

along with nanofibres.

UV-visible study of PANI-CaW@shows absorption peaks centred on
430 and 685 nm. The bandgap of PANI changed frdntdl1.16 eV after
PANI-CaWQ, formation. In PANI-CaW@® composite, electron irradiation

caused only slight variation in the bandgap.

The DC conductivity of PANI-CaWfnanocomposite is also found to
increase with temperature. The DC conductivity ANP increases when it
forms a composite with CaWO A positive synergistic effect between the
polymer and the tungstate is also seen in PANI-Ca\W&hocomposite.
There is only a slight increase in DC conductiwiiye to electron beam

irradiation in PANI-CaWQ nanocomposite.

AC studies proved the Jonscher’s power law depmelef the AC

conductivity in PANI-CaWQcomposite. Only slight and random variations
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in dielectric constant and loss tangent are causgdelectron beam
irradiation. But the high dielectric constant angviloss tangents in these
materials indicate their scope in microwave applces and

electromagnetic interference shielding.

6.2 Important outcomes

» Nanocrystalline tungstate nanoparticles (Mn)V&hd CaW@) are
synthesized through chemical precipitation methatout using any
capping agent. This simple method can also be dgterfor the

synthesis of other tungstates.

>  Novel polyaniline composites of MnW@nd CaWQ are successfully

synthesized byn situ chemical oxidative polymerization of aniline.

» Changes in the vibrational properties of the matersynthesized are

detected in the IR and Raman studies.

»  Studies based on the effect of calcinations teaipez confirm
changes in the structural, optical and electricapprties of MNWQ

and CaWQ nanoparticles.

> In MNWQ,, a lattice expansion occurs with crystallite sieduction
upon electron beam irradiation. But in Ca\)y@ lattice contraction
takes place on irradiation.

»  The electron beam irradiation results in structumatifications of the
materials synthesized (MnWOCaWQ and PANI-MnWQ/CaWQ,
composites), which in turn produces changes inrtbetical and

electrical properties.

[\
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»  Electron irradiation of a suitable dose can be iagfior the tuning of
bandgap and photoluminescence properties of nastadiye

tungstates and their composite for specific appboa.

» Electron beam irradiation can also be used to eséhahe DC
electrical conductivity of nanocrystalline tungs&t and their

composite.

» The high dielectric constant and low loss tangdatsad in PANI-
MnWO,/CaWQ, composites indicate their scope in microwave

applications and electromagnetic interference dimgl

Apart from the above mentioned physical outcom#groqualitative
outcomes such as getting acquainted with novelyacal tools, practicing
the scientific methods and above all an inquisigwebience in academic
life are achieved.

6.3 Outlook

Future research could be conducted on the uskesktmaterials in
existing as well as novel applications. For spec#pplications, research
has to be continued further to control the size dnedeffect of irradiation
time. More extensive and systematic studies, ommugation of synthesis
conditions of metal tungstates and their polyaaillomposites, are needed
to explore their unique properties for usage intpbatalysis, antistatic

coating, EMI shielding and microwave applications.
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