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Chapter 1: TINY ATMOSPHERIC PARTICLES: BIG IMPACT ON
HUMAN RACE

Binita Pathak

Dibrugarh University, Dibrugarh, 786004, Assam
Email:binita@dibru.ac.in

1. Introduction

A major surprise of the Apollo Moon missions was the detrimental impact of lunar dust on
the astronauts during moonwalks and other external actions even inside the Command and Service
Module during their return to Earth. Dust storms are recurrent on the surface of other planetary bodies
like Mars, Titan, etc. The experiences by 41 Mars scientists, mission engineers and planners, and
medical researchers have led to the publication of a book entitled "Dust in the Atmosphere of Mars
and its Impact on Human Exploration,” published in 2018. On Earth as well, dust from Deserts is
quite common, and we are also familiar with road/continental and industrial dust. The dust can evolve
at any place in the globe, particularly in desert regions and can be transported to distant places several
kilometres away by wind within a time scale of 4-10 days. For example, Asian desert dust originated
over the Taklamakan desert of China can be transported across the Pacific Ocean and North America
(o the Atlantic is evidence of such a long-range dust transport; a dust storm in the Sahara can alter the
Miami Skies and temperatures in the North Atlantic, as revealed by satellite images. The atmospheric
pipeline of dust from the Sahara Desert covering a 6,000-mile trip contributes to the existence of the
Amazon rainforest, without which the forest can undergo a massive biological change. Hence, the
Earth scientists keep a close watch on the dust storms on Earth, which can darken skies and alter
Earth's climate patterns through currently. available about 16 active polar-orbiting satellites that
dented views of the size, scale, distribution, and movement of the dust storms from |
desert dust but the industrial dust that originated over the Asian region during the
ch American continents crossing the Atlantic Ocean. In this way a

provide unprece
space. Not only
summer monsoon season can rea

regional problem becomes global. ' .
We are familiar with dust in the atmosphere. Still, the important message here is that it is only

a category of omnipresent tiny particles either in solid or liquid phase present in the atmosphere
known as 'aerosols’. When we inhale the fresh and clear moming air or the dense and polluteci
evening air, we inhale millions of solid and liquid aerosols particles of size ranging from a few
nanometres to tens of micrometers. Aerosols can also make their way into the atmosphere depending
on the season and weather conditions prevalent in a particular area. About 90% of the acrosols present
in the atmosphere are produced from natural sources like volcanoes, wild forest fires, vegetation, sea
salt, dust, etc. The rest 10% are considered anthropogenic or human-made. Fossil fuel combusiion,
biomass burning, deforestation, overgrazing, excessive irrigation, industries, incinerators, smelters,
power plants, etc., are some of the anthropogenic (human-made) activities through which sulfate
acrosols, black carbon, organic carbon, nitrates, and other particles are released into the atmosphere.
Anthropogenic aerosols also include indoor pollutan_ts caused by cigarettes, cooking stoves,
fireplaces, perfumes, candles, etc. The recent pandemic essence 'SARS-CoV-2', the COVID 19
disease causing virus falls under the bioaerosol category along with bacteria, fungi, pollen, spores etc.
The physical properties (shapes, sizes, and structure, concentration, density, mixing state etc)
of the aerosols are described differently by different specialists. Climatologists and meteorologists use
(e term particulate matter (PM): PM;, PM: 5 anq PM.O). depending on their size <1 um, <2.5 pm. and
<10 um respectively. Some call these nanoparglcles, Aitken particles. accumulation particles, coarse
particles etc. According to the shape of the particles. aerosols can be categorized as isometric particles
(all three dimensions are¢ roughly the same). platelets (two long dimensions and one small third
Jimension. like a leaf fragment) and fibers (great length in one dimension and much smaller
Jimensions in the other o, Jike threads or mineral fibers) Aerosols usually exist as complex




02 Advances in Physics and Applications

mixtures; for example, particles of black carbon from

sometimes coat the surfaces of dust, creating hybrid particles. Various patterns of acrosols gencrated
over both ocean and land (dust plumes in deserts, Pplumes of black and organic carbon from T’ehicnlm'
emissions, sulfates from coal power plants, soil dust Jrom agricultural lands etc) b / nature can be
observed from space by the satellites. Usually, Y

Soot or smoke mix with nitrates and sulfates or

research.

2. Aerosol impact on Weather and Climate

The Sun is the ultimate source of energy
Earth’s climate system comprising of biosp
cryosphere. The atmosphere acts as a shiel
balances the heat within it. Al these effe

atmosphere. Aerosols absorb or scatter sunlight depending op their Presence of the aerosols in the

interaction with earth’s radiation field, atmospher; Physical Properties. Based on this
climate through climate forcin preric aerosols play

. rou g and climate feegp Y AN important role in the earth’s
perturbation in Earth’s radiation budget is kno ack mechanjg

: ms (Hanse

. atio W a5 the climare £ n et al, 1997). The
fg‘g;‘;ﬁ-:ﬁe rC[:lI(Ill?tg fortilllng that forces the temperature of z:;\i, f:;:&gg Or radiative forcing due to
estimategd as){he eonelfyl nger ¢ balance between Incoming anq gy of S surface-atmosphere system
feedback is the consiy Sencumt ?e?l (in watts per meter square ng.z mg fadiative energy fluxes, is
forcing, in terms of m;’teomﬁ‘ ° |° anges in weather congigign ex (Seinfeld et a1, 1996). Climate
relative humidity, solar insol:tic;dvan?blesz surface or atmosp en'cptenenced In response to aerosol
flux at the top of the imospiy ulir?tlon €tc. The radiatiye forcin iel(lilperature, Precipitation, wind,
the aerosols (e.g., Hansen et a ,1997)21c%119r ithin the atrnospheregw?t ates the net change in solar
forcing implies that the presence of ae}osoﬁ zhange 1S defined gy cp, that an Without the presence of
solar radiation through differen mechanisms ();eirts 1a cooling/Wanning . f?‘enegatwe/posit'ive radiative
which is termed as the “direct effect” of aerosolsg' ) Ac ety oIS interact with

o Tosols d;
radiation. The scattering aerosols (like sulphage eg., Mccol‘mick Tectly scatter and absorb sunlight

for all forms of Jife o
here, geosphere-lithosph on the earth and it drives the

d which protects th Sphere, atmosphere hydrosphere,

e ex I R
°ls occur due to fhe remities of the sunlight and

reduce the planetary albedo and all Organic cop, Wig, 1967) on short wave
reduction of the atmospheric and g ;’fW less Tadiatiop cac pgunds:, Sulphuric acid, nitrates etc)
aerosols also reduce the surface real(l;hiz:,c; f;‘;mperatme of the arth’s Surface, Th;g ,resu“S S
: ' - At ) :
tllme atmosphere. The direct aerosol e ff;tretiisucmg the syrf, . temthe Same time, the absorbing
‘(:lgzigo_vegpmenu:]hpane[ on Climate Change, [pq - Ported as . Perature but it tends to warm
Y Indicates that aerogg] A report !
change. S0l as greenhoyge gases, Lot 2013) (p to +0.15) Wm-2

ig. 1- .
15 also ap impor:aZ)' Eatlier IPCC (2007), has
ting ot factor impacting climate
irect .
enses
S to fortlcr)xat;(i);r:o??u ang talfltzlsni o Clpud condensation nuclei
eco o arge ceting cloud m; i
the first indirect or ng), induci 5€ Numbey of . oud microphysics.
time to grow i, sizeﬁtlg 'rfavivnon:ey effect. Under gy o1\ 52U Ve radiag; OSHCI;III radii clouds. The cloud
. s ops, whi : >0 Ng, which ic ref [
's prohibited (second indirecy ]eaffe::vtl)mh 3gain depends o > CLOUAS’ Jifeg o Which i referred to a5
cloud interaction (AC) In aqqi o The entire Mechan: Ount of wager €Come more as it takes
, ttion, high}y absorbing M IS terme as lr e((il.u"ed and precipitation
I Conteng .© ¥pe of Ndirect eff, erosol-
( Y heatin aerog, ecl or aeroso
» Such
; ang oud as black carbon, may
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1S procegg aerosols reacts
Surface of aerosols play

Aerosols can alsg

(CCN) (on which affect the radiation b

water vapour cq
: nd
Increase in aerosol concentration leaq

albedo becomes more (highly reflecti

o
S
a
=)
S _ g E8¢F
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=
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Orile  Increased cloud helght  tncreasod cloud Heating causas
nportubed  Incressed COME L en. (Pincus Bakr.1 Hfstime cloud bum-oft
) (wm:m Incaezed LWC * 0 Abrocht 1935)  (Ackeemen ot st 2000)

1# indirect effect/
Tworoey offoct .

o SO|3I’ and erres ”al radlatlo" under
FIE, 1-1 A Scilelllatlc dlagl am reps ESelltlllg tlle strong aer 050' interaction wit h t t

. ining i iative/climate impact. Also, the deposition of absorbing

a significant . rﬁie mﬂgcett;rgnmrirl?fcgs lilzdslﬁg;lvegnd ice not gnly alters the radiative balance (warming
aerosols on high ¥ l’eh nees the surface albedo (snow darkening effect)_ (Chylek et al., 1?83).
of surface) but ?‘5° © amg estimates cooling driven by aerosol effect is half the warming caused by

According 10 eloba] scale. These effects are much uncertain and vary from pl_ace to place
greenhc?use gases on @ gd time. The inconsistency in measuring aerosols within clouds.ls one of the
depending upon spailf?'anto the partial understanding of aerosol indirect effects. Despite the recent
main dmw}zia;gial;:erl;lfm, the study on aerosol influence on climate still remains challenging.
progress an . ,

3. Aerosol effect on Antarctic Ozone Hole

i igni i tire planet through their role in .
tial to significantly influence our en ; ole i
o th? ptztee?ropospbere: and stratosphere. The depletion of Ozone concentration in
et region is the well known “Antarctic Ozone Hole” phenomenon. Aerosols
1 reactions to take place (heterogeneous chemlstry). in the stratosphere.
gions, aerosols grow to form polar stratospheric clouds. The large
hese cloud particl,es provide sites for chemi.cal reactions to take place. Thc?se
surface areas of t efS ation of large amounts of reactive chlorine and ultimately, to the destruction
reactions l cad to ibe or}[xr;re Evidence now exists which shows smplar changes in s}ratosphenc ozone
o i - sgcx?sar;'ter r;lajor volcanic eruptions. For example it was observed in 1993-1994 after
tions ;
;('m:tel?bt;aemption that ozone values fell to unusually low levels.
in

heterogeneous chemist :
the stratosphere in Antract.lc
can act as sites for chemica
During winter in the Polar Re

4. Societal impact of aerosols:

; iviti i i h windows and doors, forcing

ly activities by pushing grit througl and. de
Aeroso!s can af::s;i :glb);eaming problems, reducing VlSlbllll)( and delaying flights, and by
people to stay t!ggi%r:és Some of their long-lasting consequences are discussed below.
and large, creati .

1. Effects of Aerosols on Air Quality, Human Health and Quality of Life
4.1. E11e

serience existence of atmospheric aerosols and their

D 19 outbreak hasé?&ie;:ﬁ??s well established that the SARS-CoV-2 virus that
n race in an l,{lCIZisscminate from person to person through droplet quclel or
nltezls formed from the respiratory ﬂuid released during exhalation (e'..gcv,i..
. aking, singing, exercise, coughing, sneezing) in the 'form of dropletls acrosil a Wll tc

quiet breathing, Speax g}) virus as the nuclei through 'acrosolization' process. The largest droplets
spectrum of Slzesjlw:)t:t toiEt the air rapidly, within seconds to minutes, while the fine droplets/aerosol

e

(size »10 hm) Sett'n suspended in the air for minutes to hours. They can be suspended in the air over
i mal
particles can re

The COVI

impact on the huma .
::r:tll)ses COVID-19 predomina
aerosols transmission. The drop
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istances and time o ‘
long dlst_a ces : " it o7 BEAE. Forcing
making indoor air more T
unsafe. Thus creating a

o |C0;
healthy  building  through = &
engineering  controls  in ° 4
spaces is a crucial component £ | HoloCarbons =
of combating CQVID-19. = . -
Apart from this virus, other = | N0

bioaerosols play an important
role in spreading biological
organisms and reproductive
materials and they can cause
or enhance human, animal
and plant diseases. These are
linked to many different
adverse health effects ranging

Short Lived Gases

Others

Lend Use

I
I
Mircien . |
!
":‘Vr‘k e |
. : . e — I
from infectious diseases to 2 |
acute toxic effects, allergies, 3 |
asthma and even cancer. s I Black Carbon
Bacteria and fungi within the ) - .
size range of 1-10 pm may 5 . gfr';ﬁs ' | Orgonic Corbon
reach the alveoli of lungs and é’ 7 ! ! Mineral Dyst
affect the human respiratory o |-12¢ 4P _ ! I
system.  The  bacterial < ) : | | Aerosol—Cloug
bioaerosols are related to ! Birescit
human diseases, like '
pneumonia, tuberculosis, !
[

brucellosis, anthrax, and Q
fever,  whereas. Fungal
bioacrosols are the etiological
agents of respiratory diseases,
like allergic rhinitis, asthma.
Studies now have established
that indoor air pollution is
more harmful than outdoor air

Solar Irrodionce

pollution. A ;

| i ccording 1o (he 1y

Agency, indoor air pollutant levels are often ~2 {4 5 limes b Elled States Environmemal Protection

can exceed 100 times that of outdoor levelg of the same I gher thap outdoor, In some cases, these
It has been proven thy air pollut Pollutant

recognized to be responsibl
release a significant portion of a1
gases and substances such ag trop
ete. In general, PM,y particl
assessment, the particulage

mospheric aeroso] '
ospheric 0zone, Syj
€s can Penetrate up to ¢

Ceradatioy.

the capability of aerosols

degradation and prematyre
hcadaches, and anxiety,
system, harms liver, sple
suggests the problems of
of the ancient mMummie
atherosclerosis. In recent

' Nasal {
. CTia
mortality vi,- .4 Ppollutan

5

ITritation of the eyessmrm?ry oot
€0, and blopq and p
aIr pollutiopn. Basegd
s showeq evidence

ery. Clerioragioy 0

COmpuleriz@a tomop alaeopalholo

_ _ years the SMog gyer .- Jmonig
M winters. According (o '

: a study b
responsible for aboy 2 1731 o

by 2050

€ Cities wig}, | Onary ¢
t

001 2ir HOW
5 mj - (2015), an
This hag motivate .].On deathg annug|| h ¢ Dresenl—da

3 e r
ge ael‘OSot - ate W

and outdoor, is now fully
Emission sources
), along with other toxic

oxide, benzo (A) pyrene

: matter (PM) concentray .nd PM, 5, can cnter the blood. For health
inhalable matter, (PM <100 111m), thoracic (P <i0 lOn)sa ;nc:s‘tnere]d are further catebgor(:(zjcdoinlo the
respectively of thy e Ob él(;tn-cg?lte Up to (o absorbe) o (PM < g Hm) particles, based on
y the crig ract, thorax and alvcolll

TeSponsib]e for human health
Idiovascyly; damage, fatigue.
f the reproductive
gical research also
¥ the images of the bodies
€ma, emphysema, and
d dispersal are frequen!
“ay PM, < concentration 18
issiong Ai u INCrease 1o 6.2 million/year
T Quality assessment at local 10

- s T 1 economic growth increases,
i lity forecasts. As globa _ :

; is vi r emission control, air qua ; ; lity and mortality rate
rcgl_onaI scale s w]t[allit;?n becomes increasingly more serious. The alll" qul)zerI goncenualion through
environmenta] pohu tbreak of the COVID-19 pandemic due to contdro n lly (Pathak et al.. 2021
' ing the ou : : lobally and regionally al., cUz
improved during . erienced both globally ;

: . This effect 1s exp 2 f air quality from
the sporldwids lockdO_W)ﬂ Pathak et al., (2021) have shown the lmproyemcrilzicolock docivn ptzriod_
and .rcferfc_:nccs th:;;l;ldt-:fate- air quality to satisfactory level during tjk;e gai;ci)ggy cvolving subject of
previous live year ; : d climate change interaction . .

uality an . erbated underlyin
: Fl.mher’ ﬂ(1’,‘61'a1;t{:qchan}g,e—nf:la‘u:d issues like heat/cold waves cfl:tc., z;?:lifxafo - oreater exten:
S t climwith it are found to affect human (l;ealth an egs::d abri/ndancez of absorbing
conditions associated W wiss it Tndis due to uer :
: -temperature exire : es, consistent
. m%o:itait)hlilhh;ic;o shortwave heating rate, and altering surface heat flux

sols (BC and dust), = : al., 2020). : ; :

i?ii(}: the i(ncrease in surface tempel:aturftr% (M(:ﬁ,-(iiineltnem signifies a better quality of life. Air poilcl;(tjlo)n

ivine i ollution-free e s = o ic compounds (VOCs),

Lw1_ng map mplex organic chemicals, such as yolat;]e organic c? p;]avin (speciﬁc

in urban areas contain many comp PAHs), fumigants, and agricultural chemicals, g W
2 2 . i O

drocarbOI}llS a(lth Therefore, acrosols determine our physical and P?tho Ogiee

uman heatt. iy : f the social economy

: losel l::onnecl;ed to human existence. With the deviloijggilrtaohizher living quality

wellboingrand 72 & A2 ? living standards, many more people hope to h ithchas been a great
and the enhancemeIEt . invesbtioating the impacts of aerosol on human hea g

- e =)
environment. Therefore,

polycyclic aromatic hy
physiological impacts on

42 Effects of Aerosols on crop yield and food security

. isi lation available for
the amount of visible radia 1ab!
rowth by reducing ; » re indirectl
Acrosols affect] Crlfli,cgthe potential to modulate (raise) m.mlml.;m t?mﬁiﬁ? dei:seases Fo{
photosynthesis. Aerlosz's esz These can also contribute to the spreading o ag“§ l;heat — the staple
: d cloudiness. ere damage to rice an '
through increase . of plant pathogens cause sev geto: el
; of plant pathog i lds. Crop yield
example, bacteria anThd fusnildecfease in acrosol pollution may lead to an F;r}xlcrease lirrl1 Y];:ndustrial[i)ZZtion
food grains in Agla' thz E;Conomy of an agriculture-based Asmndreglon.th Z gl"grcoguntries This and
o to . : I land over the Asi ' .
is directly relate duction in agricultura 180 : X
_ ¢ reductt & . ountries in
- (? o lgd{‘c::) pg:‘ capita food consumption threaten food security in Asian ¢
» ion deman
rising population

the coming decades.

43, Aerosol effect on the economy

' al Review, the health costs in major Asmr} cities
o B 15 Wfrldeuﬁ;ﬁ ?ni(l(:nil,n:;using economic hazart_is_ For example, ﬁurmg;:g
rape e s zneration at the source regi_on, transporlghqn along lth(; ggtdgﬁ;ymo
ey ece Stqnl;n _ag—" it can have numerous dircct (€.g., njuring ECEFO: ields) indirecbt
g thﬂ' o aand forests, suffocating livestock_, reducmg;eEm%l& [-mz tmns}’)onmon
properties, d%ma‘;”;:aﬁtf{(égzts depleting ﬁshcricst: dug htoda t;i;fgzidd ;fn st;nif dian fhan':’nels) porair
) asin . . s et | | ‘
gis.é;:;funmiio;’ Sthfogtlfimvzfvl:se aﬁ;f{:(:;ttﬂigzlét"oductiin rate in agriculture and industrial and many
impacts. Further, heat/c

outdoor economic activitics.

ilabili
ffect on Hydrology, Monsoon, and fresh water avatlability
ecto ’ . .
4.4. Aerosol e ! § the size of
Is suppress precipitation because the pgmdes decnfas}iqd e
It is thought that a}ﬁ{rosgvcr under some environmental conditions, aerols? Sc m({ < oyl b
i R VcE, i e ¢ ete ]
water digpiets Ckl)'u(ils{.nino and strong downpours. Mcthrologlslsl ba\if;si;f: (A :I‘OW’i‘;O number
clouds that produce ollg thundberslorms is connected to pczks_m ]?CIOSO Ozglls a[[-‘ec.[ ch;mte 1ht:'0ugh )
. — , : ( that aer
which the frequency 0”1 d satellite-based studies admi . than et al
. i modeling an , he hydrological cycle (e.g. Ramanathan et :
of observational. : h lowine down the hy . e
s : , - and thus s & i / eed:; (1) effects on
reduction in evapoxgtlonm] d circulation pattern changes and reduction i wind sp
- ‘ipitation and
2001): (1) precipt

e M e
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iv) effect on
land surface and sea surface temperature (SST) (e.g., Chung and Ramanathan, 2006) and (iv) e
monsoon (Lau et al., 2008) etc.

-ainfall
: n rainfa
The South West Asian summer monsoon provides up to 80% of (he annual meizrln pacC o
received over most regions of India including the North East India and has tremendous

agriculture, health, water

1S.
: osysten
resources, economies and ccosy
Further, the Himalayan Glacier melting

f
. : : nce ©
IS an evident phenomenon under the influe
South/Central Asian biomass burning emissj

on. Such accelerateqd glacier melting will certainly
fresh water availability in future,

S. Conclusions

Aerosol study is inclyd

e
YSIcs and Chemistry of the Earth’s Alm‘?ﬂi}fl;]: riS
in particular and is an important topic of Climate Science. Knowledge on aerosols chara'clcnstlians
vital to critically improve the understanding of climate forcing, air quality, and mutual mteraC} ods:
between the atmosphere ang biosphere. The aerosol research ig carried out in terms of three meth
labo lite

- the
ratory (ground based and satel]; observation), modeling, and fielq studies. It’s study 11 o
globe/India started in 1960s/ 1980s,

The Indian Space tesearch organisation under its Geosphere—Biosphere Pr
tk of acrosol observatories named ARFINET (Aerosol Radiative Forcin
the Indian subcontinent. Under urrently more thap 40 stations are functional- the

Iy initially starg Department of Physics: Dibrugarh University in 1999 l(S)rlh-

» 10 initiate the aerosol research in the N dust
of the NEI is foung to be influenced by getic

fopogenic emissions from the I“do. Gaﬂme
1ssions from the Bay of Bengal along with local biogenic emissions oeni€
; cover, including Primary ang secondary bioaerosols g well as local anthropopf“ i
emsswps (e.g.: biomags burning, fossil fye] buming, oil and gas fields etc.). The eastern part © n
feglon is dominateq by biomass burning emissions, while fogs] fuel gencrated trace gases
acrosols override the western part.

: west
rid ] The columpay acrosols burden exhibits g strong seasonality, @ .
to east longituding] (decreasmg) and an altitudina] (in

stands secopg highest in South Asgj

; ading
Verse) gradient. The columnar acroso ltel?action
1a next to the Indg Gangetic Plajng The aerosol radiation in e
i : ; ! em
(ARI), aerogol cloud mtelracuon- (ACI), stratosphere~troposphefe exchange during normal and extre
» Conv Itieg 1eading to ele

this network ¢
ed in the
observatory in India under ARFINET
East Indian regio

0 (NEI). The aerosol environment
advection from th

. ¢ Indian deserts through westerlies, 3
plains (IGP), marine emisgjg
large vegetation

i0n:
18 region fi d £ vated acrosol layel's are critical over the l[;:é[hus
are found to affey th i radiation ar
temperature, cloud PToperties, rainfal] 10 a largey e?cten: Purtace reaching solar radiation
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Abstract

ith a thickness
riodic structure-based mi’cro“(rlavei EESS(;;TJ ;lctlhare enclosed
This paper proposes a bi(:id The structures are designe tilli‘lse 1:':: tesiadl for s ahsobing
of 3 mm operating at theci) 59 substrate. Slime for the ﬁf{; absorber showed -31.23 dB
within Celhﬂoﬁe ac(?::ll;?lfational simulaliogil Oi,ittlileadf 1S(l)g:ilB bandwidth of 1.3 GHz and the
properties. The c(}“/ absorption) at 6.2 z
reflection loss (>90%

e dent.
: ation indepen
nce is polanz
performa

M ) 3

1. Introduction

ication
ilization of advanced commun
' llution due to mass utlllzatlof_I technology at microwave
Increasing electromagnetic ptl1 e .of mevi shiclding/absioré)tlgn the integration of various
ner erge e e e an l
the em . systems hav f rigidity. Severa
2 d wircless sys! . s and degree of rigi
cies. Compact electrOf{‘le a;lutting a constraint on .thlcmf;eometﬁez have been reported [1-
freq;ir;ent«_;, into a single Pila:nz?;lmaterial absorbers with C}?‘Ezrtziateﬁaj structures [7-10] alot}g .w1th
GO . -base dvantages o 3 tic radiations.
. ble water bers use the adv = ulate electromagne
thin and flexi These absorbe nit cells, to manip ; alization as the
: t decade. The erties of water as unit r practical re izafl _
6] in th?cliﬁswavc absorption propcrh;;ve some potential dra"wba‘;f’-stht:s lipmiting the material options
%\?ofeﬁ)ased absorbers, hﬁ“’gfﬁ& retain the shape of the umit cell,
ater- drop ls]
to be hy
substrate has

devices has resulted 1n

i of water, making up over
for the substrate. te cross-linked polymer that contains plenty
o soa e VA/borate
‘Slime” isa P

: i-liquid
kes it behaves as semi
i ity of slime as compared to wau::; é‘::s (1], In addition. shm_e hqs
%% of the formula. Higher c;lsccﬁls:izg the absorber developf?te‘:teitemal stress is removed) which llsi
90% of the 10: . handle ining its shape afte : £ the unit ce
: t easier to ling (retaining 1 A — '
fhog, 12 UIE- eriy of sélflisating AR is used as the re s d lightweight
: ing property rein, slime ) Id, flexible and lig )
an m[erestm§ For IfJ'lexible absorbers. H; Cellulose acetate is easy t?';::gj simulations are carried out
advant?ig?io;l cellulose acetate sgb;'fgpérate in C-band and computati
EmbEd € ber is designe
The absorbe
[12-13].

io Suite.
: icrowave Studio
using CST Micro

2. Experimental

2.1. Synthesis

: ients - polyvinyl
. hesized using three mgred.lents istilled
Slime 15 S-ymt;;Slz_idMG,OOO g/mol, b(.na;(;ningyd:;ixing
alcohol (PVA) Wth.d Yl"vhe synthesis process ]futi()ns o] ratio
water have been‘ US(; a;nd 4 wt% borax-water ngr 12 hours at room
4 wi% of PVA::itli_ﬁng and left undisturbed
through vigoro

temperature (~ 28 °C).

Fig. 2-1. Slime
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\

2.2. Microwave materia] characterization

Table 2-1
m
N
2 h 24
3. ] 4
4. t | 3
5. X 0.3

The permittivity  of

_ _ slime
determined ip frequency range 1-20GH ai ao] : ¥ " N
room temperatyr using g dielectric py, | | | =)
_ obe L_-]
(N.l 501A) and Keysight material measurgment 70-\\\- =
suit solf;twar; compatible wih gilent Vector ™
network analyzer (E8362C). ittivi . .\/ -
curve 1s shown in Fig22. - The Pemitivity >
From pieces of literature 19 N k | h
. . - -13 N j ..
permittivity of cellyloge acetate is [fou'nd ]t’oﬂl:: = .-
52 and the Jogg tangent {o e 0.038 5 ¥
microwave - frequency range. The ghiy; . M
values for pemuttivity of slime ey

acetate are applied to CST My
z Cro . 304
Suite software for Wave Studig

: . € co :
calculations using Mputatigng]

! .S Permeability =]. F . " ”

density of  slime Is determineg [ - e

Archimedes principlc and foup using  Fig. 2., Permittivity cyrye : at

Py 0 be154{) room temperatme' whiy In-frequencv Il’a:_1g'e 1-20 Gsttored)
and g imaginary Permittiy; iy Pe ivity {energy

ty (dielectric loss).
3. Design ang Simulatigy

The optimizeq unit Absion
shown in the Fig. 2.3 1y ool design 'S a

enclosed in cellyfoge acetate formiy, cell 5 4' | \'
Fig. 2-3 shows the schemat < j Capsule, ¢ |
bha esi B

Lo i : ﬂbSOl‘be :
direction of z-axjs. Simulation ks o

. ; repe
circular as well g elliptica] poIarizZ‘

cell boundary conditi "
) ) ons are . e X
simulation *Pplicd for Fig. 2.5 Sch T

N the

EMatje of
the propogeq absorber unit cell.

icati 09
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4. Results and discussion

- E-field, and H-
' : / rent density, surface current, . :
- i of reflection loss curve, cur { o T of <31 P800 5a
Sllmul_allOﬁ ri}imésesigned unit cell are shown in the Fig. 2—4..A ;c_f(f"legf(r;) Ctasrice of i
field dis‘”b““""cf;‘.’{ b a 210 dB bandwidth of 1.3 GHz shown in 'g. 2-4(a). Interaction of the
obtained at 6.2 Utz Wi bsorber at the resonating frequency, 6. . The
' ing through the absorbe ; the direction of the field lines.
microwave penetrating ks in the figures show - s d th
The arow mar the interaction of incident wave and the
through field analysis. ) 1 current resulted from the in on o he eround
¥ : density or the loop . face current, in Fig. 2-4(c), on the g
direction of current : * out of phase with the surfac nt, . 1% 6r ke
. * in Fig. 2-4(b), is 180" out ol | les with magnetic components
‘slime-tablet” in Fig. Th tiparallel currents coup ' .
ency. These antip ht angles which further
plane al the;éﬁ?;g;ggze é%::ctromagnetic)wave and wave vz;;oi:) ‘:ltlorﬁi% . [:agnetic resonance.
impinging ive permeability while the major ¢ '« field Fig. 2.4(d) of the
i ibutes to effective p ng coupling of magnetic fie 1g. o
partially contrl ¢ is generated due to the strong Ce field inside the ‘slime-tablet’ is
This magnetic resonance 1s £ blet’. Moreover, the magnetic fie o incident
s . the ‘slime-tablet. * = onance at phasc 20° of the inci
incident wave with ult in strong magnetic res _ Holane
ts Toops that. res ‘slime tablet’ along with the ground p
surrounded by curren io. 2-4(e) is generated by the ‘sli ~alo e and etic
i se Fig. 2-4(c : ffective permittivity. Electric and magn
wave. An electric respon this contributes to the effective p it oneti
i croaches, this ¢ . i nditions. E-field concentration in
when the microwave encr btain the impedance matching co 150
ntribute to obtain ' displacement current loops at phase
resonances together co ‘slime” edges creating two disp : N h
: i to the “slime - : f slime (~ 65) at the
Fig.4(c) is mainly Conﬂltllfg ermittivity of cellulose acetate (’5.2) is less than thatigl tshe < (fident e,
akiEedent wave]a:ﬁ di;)o]e moment of the ‘slime-tablet’ couples strongly w
cney. £ ¥ tion. - T
?S&nazﬁiﬁgms thich contribute further to mesalﬁ?;f)’ = I-R(w)-T(®), where R(w) = [Si" is ﬂ:f
eld ¢ . tically given a . : is metal-backed,
Absorpuon( 1:; maltshelr{laisl theyt:ansmi“ance' Since the designed absorber is m
- T(@) = 15u 2= ok
reflectance, and T(C es zero, [Sa* = 0. ; : : zation of the
therefore the u.msmittance be(c:,(r)lrsr;ant reflection loss curve while ch_f‘“g-mg-u:;; izlczli;ﬂ
T dcsilgﬂ illllg‘gzsicgned absorber can be considered as polarization indep ;
incident wave. Thus,

0-
a #d
.10+
g
u 151
g
§
i
304
35 H
h v BRI e ¥
- & '. S L :: ¥
PO &
. ae ) Gt &
. o oy Safpuaprers : :
Hx-. £ TR el V

(L) eld
( ecu ld) |9|d d| tr|bl tion and 3} H f
(= ect S ’
g. (3

i rber
distribution obtained for designed abso
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5. Conclusion

This work arization-i

gt ks o T s it s s o
of 1.3 GHz. Moreo . . -~onating frequency 6.2 GHz with - idth
ver, the designed absorbgr is hghtweight and c)(’)st-effectziv\:.l [glirlr?edsllalo‘ivagg}gi’od

applications. ‘Slime’ can be used for designi !

; _ gning opticall '
;llmie:n dels;gnte;]d absorber contribute to efficient absomtionyot;al;sparem abso'r bers. Both the polymers 1
e has the added benefit of the realization of : abeagnetic wave. Further, the use &

a low-profile absorber.
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Chapter 3: COUPLING STRENGTH BETWEEN DUST GRAINS IN
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Abstract

Interaction mechanism among dust grains immersed in plasma has been reported
theoretically in presence of asymmetric ion flow and dynamical charging of dust grains. The
ion, flow induced particle-wake interaction in addition to repulsive Yukawa type of
interaction found to play a significant role in tuning the coupling strength between charged
grains and hence the vibrational mode.The transition in coupling strength is obtained as a
characteristic of ion flow speed and grain size. The results show a damping in strength of
interaction in presence of dynamical charging of dust. The type of interaction shows a mixed
phase of Wake-Yukawa in subsonic regime and highly Yukawa dominating phase in
supersonic regime of ion flow. The results are significant for understanding the
thermodynamic properties and the phase behaviour of colloidal systems and nano-crystals.

Keywords: plasma crystal, ion flow

1. Introduction

The study of inter grain interaction is of fundamental interest in statistical thermodynamics.
The phase behavior and the dynamics of a system erend §olely on t_he type and strength of inter grain
interaction. Realization of correct and appropriate interaction potential is one of the biggest challenges
in many-body systems. The complex plasma or dusty plgsma is an immerging branch of research for
last few decades because of its strong potentiality to replicate the strongly correlated systems at larger
scale. The complex plasma consists of micron-submicron sized dust grains immersed in ambient
plasma and radiative background. The dust grains are charged up to a high value of 10° to 10*
electronic charges by various processes {1-2]. In laboratory dust)( plasma experiments, the dust grains
are commonly negatively charged due to higher electron rpob_ll{ty towards the grains. Because of
comparatively larger size of the grains, they can be observed individually and this makes it possible to
investigate various phenomena such as phase transition [3], diffusion, self-organization [4] etc. at
macroscopic kinetic level. . '

The interaction mechanism around a test dust charge in an isotropic system is caused mainly
due to spherically symmetric Yukawa type of potential !5]. Under suitable conditions, when the
intergrain interaction is much higher as compared to their thermal energy, the grains show some
regular oriented structures, the so called plasma crystals '[4,6]. Near the plqsma sheath, where
laboratory plasma crystals are formed by ba.lancmg the gravity apd sheath ele_cmc field, there is ion
streaming towards the lower electrode. T!JJS qubgrdment of ions over shield the spherical dust
Debye cloud and elongate it in lower vertical direction. Thus, an asymmetry in charge distribution
arises around the grain along the direction of ion flow. Thxs access accumulation of positive charge in
the lower side of the grain attracts other dust grains just below it to align along vertical ion flow
direction [7] and shows vertical ordering of dust grains (chain formation) often observed in laboratory
experiments [8-10]. This leads to an attractive type of interaction potential along vertical direction

named as wake potential [11-12].
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[4
frequency of the ion acoustic wave and /(" is the propagation parallel to ion flow (along z-direction)

towards the plasma sheath.
Using the integral form of clectrostatic Poisson equation and dielectric response function

given in equation (1), we can write the interaction potential due to a moving test dust charge 0,
it

based on the model described above as follows:

5(&) - vlk) ik .
k* e (w,k) 2)

¢(r,[)= 3er J’dakda)
(272') 27w €,
Where 7 =77V
For cold stationary dust grains, v, = 0, as compatible to our physical model, the interaction

potential is modified as

th . 1 ik.r
®(r) = (2m)3€0 / @k k2¢(0, k) ) | (3)

In steady state and normalized scale of electron debye length, the dielectric response function
given in equation (1) can be written as
1+P 1+Q
e(0,k)=1+ PERYETE!
f

where it is assumed thatk; >> k.
Above equation can be simplified as follows

1 _ kn2
ke (0,k) Wy - kg ki - k2) )

where all % are normalized with /loe- k,and &k, corresponds to real and imaginary screening modes

4)

as a function of Kk, , in a complex k,plane.

kr=vV—-A+4+B (6)

kjm=V—-A—B (7)
where A and B are '
given as
1
A=%(kl2+1+P— A“;zQ) (8)
li?_L2
B =14/ A? 1\_42(1 +Q) (9)
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- n1 = Azexp [i(kya — wt) and
Considering a illati in wav I 1 [‘( y )
ideri small oscillation in wave amp 'tude z A ' k.
bstituti tlllis ul] equation (13), we get the dispersion relation for the transverse vibrational mode as
substituting ‘ X

: . kya
w? = 2(K, + Kny)sin? (22)(17)

3. Results and Discussion

; i i t Debye cloud and the formation of attractive
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To get an estimation of the relative strength of Wake and Yukawa potential in both sub and

: . . : . K
supcrsonic regime, we defined a dimension less ratio R = ;—” » Where Kzsis the combinedStrength

of Yukawa and Wake potential from equation (16) and Kis the coupling constantfor Yukawa
potential from equation (14). The behaviour of relative strength of interaction Rwith subsonic ion ow
speed M is plotted in Fig.3-3(a) and is as follows

Subsonic regime (0.1< M < 0.7): The ratio R shows a fluctuation in strength with decrease in
M value and is shown in Fig.3-3(a). It is clear from Fig.3-2(b), that particle-wake interaction is
dominant in subsonic regime of plasma flow and is also reported in recent experiment [23]. However
the effective confinement strength of particle along vertical direction in presence of both Yukawa anci
Wake undergo a transition from stronger to weaker and again back to stronger confinement as a
characteristic of oscillatory confinement frequency of wake potential with decrease in ion flow speed

) ) ) = [—wmaa
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@ x=20
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1 " . . . : 2 n
1 1.5 2 2.5 3 35 4 4.5 5

Mach Number M

Fig. 3-3. (a) The ratio R vs. Mach Number M, (subsonic regime) for the given set of parameters. (b) The transition in
vibrational mode from M=0.241(red solid) to M=0.18 (red dashed) to M=0.141 (red dotted). {c) The ratio R vs. Mach

number, (supersonic regime) for the given set of parameters.

M. At M=0.249, the ratio R, shows an enhancement. It implies that the effective interaction is
repulsive in nature. On decrease of M at 0.18, the effective coupling is relatively weaker and the
interaction becomes attractive in nature. The corresponding mode of vibration also decreases and g
shown in Fig.3-3(b). On further decrease, at M=0.141, the ratio R again shows an increment As a
result, the mode increases once again. The behaviour may be realized as such that on gradual de;:rea

in flow speed M, the attractive wake potential of upstream particle starts to dominate anq alion tlse
lower dust particle along vertical direction of ion 'flow. On further decrease in M. when théé [ e
particle becomes very close to each other, the repulsive Yukawa dominates over there and the py, 'wo
gets back to its original configuration. The presence of this mixed phase of wake ap d Yukp T'llC'IC
subsonic regime show an anomalous transition [16] in vibrational mode for given ion flow Specii‘:ii lg

n

is shown in Fig.3-3(b).
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of M, for higher ion flow speed.

4. Conclusion

h : ;
p enomepa 1n complex plasma in absence of magnetic fielq. 8 the phase behaviour and diffusion
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Abstract

In this work, nanostructured TiO; thin film was synthesized using sol-gel process and
Metal-Semiconductor-Metal ultraviolet photodetector was fabricated. The chemical and
optical properties of TiO, thin film were investigated using XRD, SEM, Raman
spectroscopy, and UV spectroscopy. The UV photodetector properties were studied by
illuminating devices with 370nm UV light source with light intensity of 50 uW/cm? - 150

uW/cm?. The detector shows photocurrent of 3.8 pA under light intensity of 150
uW/cm? with 5 volt bias voltage. The fabricated device shows excellent rise time and fall

time of 1.9 sec and 3.4 sec respectively. The optical switching characteristics show good
reproducibility and stability. The fabricated device has great potential to use in different UV-

A detection applications.
Keywords: sol-gel, XRD, SEM, EDX, Raman Spectroscopy, UV-vis spectroscopy.

1. Introduction

Ultraviolet (UV) photodetectors have received considerable attention andare widely used in
various military and civil applications, such as secure space-to-space communications, water

sterilization, pollution monitoring, fire sensing, etc. [1-3]. Also, exposure to UV light to the human
- y types of diseases including cataracts and skin cancer, and even accelerate

he detection of UV light is very important. Generally, wideband materials

. | characteristics, such as high electr
ar hotodetctor material as they have many usefu > _Clectron
saf u;];,;gna:a tlz;solow permittivity, high breakdown electric-fields, and good thermal conductivity [5).

. ide-bandgap materials have been used for UV detection to achieve higher
Many different wi gap rs have working on different photosensitive materials such as ZnO,

itivi searche
ﬁggsi‘%gv& f:llg)é’l’es iC, M0S;,Nb,05 Ga;03, NiO, Sn0, etc.[6-16]. Among the above Titanium
dioxic,ie (Tibz) has drawn increasing attention in many ﬁe.lc-is such as phqtocqtalysng, splar cglls, 'c:lnd
gas sensors due to its excellent optical properties and stability [17-20]. Titanium dioxide (Ti0,) is a
wide bandgap n-type semiconductor (anatase 3.2 ;V and mqle 3.0eV) [2]. Recgntly,. a variety of TiO,
based UV photodetectors, such as Schottky barrier photodiodes [21], Hetero-junction photodetector
structure [23], have been reported. Also, TiO; thin films can

22 _semiconductor-metal (MSM) e )
ll) : {;rg)e;?idsegl,lﬁ?ferent techniques such as sputter depositions, sol-gel process, chemical vapor

iti ion beam-assisted processes [24].
deposition (CVD), and ion be semiconductor-metal (MSM) structure has been used for the

is investigation, metal- . . . |
f‘abricatig; :)hflihé devicge, and sol-gel process is used for the preparation of TiO, and. the spin coating
technique was used for the deposition of TiO; thin films. Structural, morphological, and optical

body may cause different
the aging process [4]. So t

properties of obtained layers were studied and well discussed in this work.
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2. Experimental methods
2.1. Chemicals

Titanium (1v) Isopropoxide (TTIP), Acetic A

Acid, and ethanol were purchased from Merck
and Sigma-Aldrich, A]] chemicals were analytical grad ‘

€.
2.2. Synthesis of Ti0,

Sol-gel process was used for the preparation of Tj
Isopropoxide (TTIP) as a precursor and

0, nano-particle thin films. Titanjum (V)
beginning, 10 m] of ¢thanol

_ethanol as a solvent for the synthesis of TiO,.

For : » We used P-type <100> silicon wafer of 10 ohm-cm as a substrate. The
schematig illustration of In Fig4-1 The fabrication process was

Ing process (RCA-1 and RCA-2) angd
 was dep(_)sued using the therma]

RCAI,RCA2 cleaning and 8i0,
Deposition

l Tio, deposition Using spin Coating

‘

l Thin fitm depositionang Lithography

Au Electrode

g' ¥
] q 1 ( atl nao he b I ]an
F S }]E’n “ {” IS / OzlA M M
]|a1![l 18 ricat O ESS” Ail II u SD phOtOdEtECtGr

conductive paste.

2.4. Characterization

. . Bruker AXS DS) analyses of samples were
ray diffraction (XRD, diffractometer i = 98 A° and 15
S ('iliﬁthc crystalline phase of TiO,. by Cu-Ka radiation of A ‘I'i4lginishaw =y
conducted to determin 1s done to investigate the molecule characteristics using A ;
A Ran}llansfgl?\f/:[am:l;osli)g ‘;’fls performed using (SEM, JOEL, JSM6390LV) to investigate the surface
Series, The an

morphology of the prepared sample.

3. Results and Discussion

3.1. X-ray diffraction (XRD)

: for analysis of crystalline structure c_)f the
Thog: Fo1ey dlliaston &%Di)a\;:;p;i]”f "(l)"?Cl)If dﬁlm as sy;flthesized obgerving 'Il(})l peak In tl};e
ez, S dla] e [h‘zh TiO, is amorphous in nature *_mthout qnnealmg,- wh_lc Zarl; aIsolhe
pattern. So, it concluglcs thatTh eXRD- pattern of the annealed TiO, film is shown in F1g.4- (f). nt e
observed in the SEM image. zk at 25.4° was observed, which confirms the fonr;anoi 2(} 1 ;mavz;:
Siuctuo of the ?}éﬂa‘ﬁz e T0, arase peds fOf o g Q’?i{g’ Pesks il different 76
re of the 110:. ! i ion of rutile phase TiQs,. ferer
{S)t;:grt:’[ed' The peak at fgrn‘g; jllg(ttg ct:Icl)flfg?;:ntaEc formation of anatase phase. The crystallite size of
angle of the TiO, sample -

’ 6]:
the TiO, was calculated using Scherrer’s formula [26]

Pure TiO, without annealing]
35
G
2
g
Q
E
T 5‘0 p-3
T 30 40
2 2 Theta (Degree)
(@)
M 5 Pure TiO, annealed at 500°C,
5 I
x

3

8

: 5 g g es

£ g § 2

T 0 P 50 80
® 2 Theta (Degree)

(b)

a ;g 4“‘2 XR!) S ctra f (a) EO Without anllealed a d (b) IOZ an a
(o] 2 e
. . ; T n I ne d
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kA
= 1
P BCos@ )

where D is the crystallite size, k is the fixed number 0.9, where . = 0.7]1 A°
Ko X-ray, © is the Bragg’s angle in degrees, and B is the full width of half m

first peak. The average crystallite size of the prepared sample was found
confirmed from the SEM analysis. :

3.2. SEM and EDX analysis

The surface morphologies of the semiconducting TiO,

nanostructure were analyzed using

scanning electron microscopy (SEM), Fig.4-3 shows the scanni
synthesized samples. Fig4-3(a) shows the TiQ, thi

TiO, sample after annealing at 500°C. From the S
temperature has a significant role in the growth of
prior to annealing. This virtye

can have a significan

to the elegtrodes and prove to be important in the enl

e tFlg.‘#t:tt Ishows the EDX analysis of TiQ,. EDX analysis was performe
chlage of elements presen in the prepared les. ' itani

. A prep samples. Here, the Titanium

d to investigate the
(Titanium 131§ weight % and oxygen 86.82 weight %),

0 oxygen (TV/O) ratio
3.3. Raman Spectroscopy

i Raman spectroscopy was
€ Raman spectrum of the synthesized samp] in Fi
1 ik Ple was shown in Fj 4-5. A st :
\l:fl?r Ct{’n : a;trcl)bugng 10 the E, of anatase Ti0,. The E, mode wai originafeiioxcllﬁepfak l:vas found at
! g ion o :TI-O molecule. The other peaks at 393 4 ¢py! 514.3 cm™ . ang 0 the Syrzllmetnc
attributed to different modes of anaase Ti0,. The peak at 443’ : o 635'7- o were
Ti0,. From the Raman spectr 'mS the rutile phase of

; Sem’! confi
um, it was confir i :
TiO,. 15 sample mainly congained anatase

performed for the confirmation of the formation of anatase TiQ,

med that the synthes

is the wavelength of Mo
aximum (FWHM) of the
21 nm, which was also
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18 k :ﬂ
Element Weight(%) Atomic(%)
Ti 31.24 13.18
0 68.76 86.82
(b)

I percentage
F i 4 4 {a} EDX Spectl um Of l |02 Salllpie 3nnea|e 00 ele
8. . ent

3.4. UV-vis spectroscopy

s ture using UV—vis spectrophotometer
arried out at room tempera The raneo of

UV-Vis Spectr(?scoPy ;v as:-t{i:es of the preparcd. thin film of ntahnostl;;l;luiiec;n ) p:ctra Ef g

e lh;f 0p11$8i1:rw1;§ 200 nm to 800 nmbl:lg'?'-tslgai); i‘gzr‘::is nc:lrawaw:eplength of 268 nm.

wavelength used for ana The maximum absorptio _ ; ‘s plot b

synthesi;ed thin-film g p Sgg{)l!:e:scmiconducting nanostructure was calculated using Tauc’s plot by
. i ap

The optical direct band g

is found 3.21eV.
plotting (ochv)? versus hv (F ig4-6(b)). The band is fo

i ices
3.5 Characterization of the devic

. . illumination
- tigated both under dark and i
acteristics were 1nves RIS i of 0.25
Current-voltage (J‘V)v;]t]harlight intensity of SO-ISOMW/cI::m jli}’\ig;gs #;i?ﬁ;lgzﬁéif-voltage
using 370 nm UV light soutioe sing Keithley 2400 source meter. Fig.4- The device was able to detoot
cm’, and data were r;:]f r-gzte:; MSM UV detector u]nder dlm}r{eitlnl%fet::n(;f 052 A 2ud shotcentrent of
e t of the fabri _ hows a low dar I Pt ;
Ei;s?éfvrtliﬁcr?sity UV light. ;Ir hetg:tiﬁﬁilslation of 370nm UV light with an intensity of 50 pW/cm?2,
3.8 pA under
2.5pA, 3.4pA, and

—Ti0, annealed at 500°C|
20000
3
s
> 15000 -
®
=
3
£ 410000
[
V]
E
[o]
2. |
o UA/L/JTWMUO
1000

500 Wavenumber(cm")
i i0, sample
Raman spectra of synthesused TiO;
Fig. 4-5. Ra
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Fig. 4-6. (a) Absorption spectra of TiO, sample, and (b) Tauc’s plot

100 pW/em?2 and 150pW/cm2respectively.

Fig4-7(b) shows the switching characteristic of fabric
was 5 volt ander 370 nm UV light source with an intensity of 15
were measured as 1.9 sec ang 3.4 sec respectively.

4. Conclusions

The present work successfully shows g s;
nanostructured Ti0, thin fitmg,

B
|

|
|
|

13

’
Current (mA)

g

(b)

Fig. 47.(a) 1y characteristics of Au/TiOfAu MSm UV detector under dark and yy illuminati itchi
characteristics of the detector ten and (b)Sw;tchmg

d. XRD analysis indicateq characteristic
€ anatase phase of TjQ SE ; . .
the surface morphology of the T; g o oy analysis was performed to Investigate

_ ] 10, nanostructure, which
nanoparucl&s. AwTiO)/Ay metal

2 ich shows the amalgamateq forms of Tipo
Semiconductor metal Fohos :
and investigated The devices sh uv Photodetector was Successfully fabricated

. oW 3.8 pA of photocurren; under 370 py, §; h ith 1i
Intensity of 150 nW/em® The fabricated devic al tching time, TS ot b
potei g g LW o © also shows a goog SWitching time. The device has the

Acknowledgments: The authors

and Sophisticated Analyticg] Inst
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Chapter 5: PERFORMANCE ESTIMATION AND COMPARISON OF
- CNP BASED INTERDIGITATED ELECTRODES RESISTIVE
SENSOR WITH TWO ELECTRODES RESISTIVE SENSOR
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A-i)stract

sensors ‘have been utilized for detecting
conductivity in the biological medium [3),

The interdigita] Electrodes baseq Structure j par. .

. o ! ture includeg two .
‘f':)::r?l?lca‘l fepetition of design (length, width, electrode Spacing) [4] "F}ie] lcoplanar ectrodes, with
nation of materig] under test (MUT) from only one side wﬂi e Siructure cnables the

there is a restriction for accessing both < ¢h is especially fici
. . th sid e 4y beneficial when
Material considereq for depositionin the subes of .Lhe MUT (5. 6]. €Ie In thjs study, the sensing

. Literature States that
tons states, Ce3+ and

)

Advances in Physics and Iicto.ns | | '

I ' idth, the gap
electrode geometry such as thickness, width, g
two-electrode structure keeping ct . - he gap
S nolrcr:zzlodes spatial wavelength and sensitive la)fer thickness lsarne.d;he ggisislthe e
bC[WC(;T:“?O electrocie resistive sensor structure w:_th separation between e .ecu;?,en a:;s ,
g?llg?sensing layer and t is the thickness. The resistance for the structure is g

G
Rg = p.l._t
Or Ry = R"% (1)

Where R°T;1$ ﬂ}e sshzetsgt(:)is; a{ﬁzer.epetitive electrode structure of IDE with a sensing layer deposited on
e fig.5-

. T .
f the IDE structure. Resistance for the IDE structure between electrodes of separation G, 'width
top of the S .

substrate
T
_._k — Electrode
- .
sensing layer L
i,
l.
L.
sensing layer

(b) ) N
1. Normal two electrode Resistive sensor a) top view b) side view
Fig. 5-1. Nor!

w ensir ' is giv i ation 2.
i ing layer thickness t is given as 1n equ
, sensing layer width | and sensing lay

(2
Rie =Ro (N Y1+ 2.6 + W)

istance that is equal to p/t, is the resistivity of the material, N is the number
: t resis cqu
where R, is the shee

; sistance
of digits. Then the ranoEEf/ }*{‘Z;; (N-1).(142.G+W).1 @)

2. Methodology

i i i tioxidants that
; i Ceria nanoparticle which acts as antiox
. is considered as ' : ‘ iy s that
The sensing layer h‘;ﬁe reacts with electroactive chemicals. Sensqrsl se;sam v tteyrs an be
transit its valence states Vch' sensor structure. Here in this work bgeon;zq:g; I\II)—g s of the
sensors are kept as G=Y roximately 828 nQ-mOr 8 .  cmperiure) s fom
resistivity of cerium 1S app ;al comes in contact with electroactive compo ine vae e
literature. When sensing mastizzance- The objective is to evaluatesthe I:etrfgmznscle)e (; o ypes of
change and consecmenél)’grfV 4 the clectro active components. Simulati
i n
the sensor while reac

MATLARB (13 version) tool.
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¢—}-stibstrate

ﬁconducﬁng strip _

Structure, Th

ch : -
ange in Propgmes of sensin i
ke Remstivitx’lhicknegssm werial

€ fig.5-4 anq
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;3020 r e Eﬁm’
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- A r—d—d— b4 frrsom o020 . for 30an
O o soomom ss0500r VED KRG 200E00T 0.015 4—a—st A&M«w

Resistivity of sensing material in .m Resistivity of sensing matesiatin 0.m

Fig. 5-5. Change in resistance for normal two
electrodes resistive sensor with respect to resistivity
of material {CNP) for different values of t

Fig. 5-4. Change in resistance for normal two o
electrodes resistive sensor with respect to resistivity
of material (CNP) for different values of t

fig.5-5 exi)lain nearly step response for the resistance with the increase in resistivity of sensing
material in Q.m.

4. Conclusions

i of change in resistance with respect to change in resistivity of the
mateﬁalP;;f;fizﬁ;ﬁ‘t‘;; Cl:;ntgenvﬁsm the aua%yte has been investigated. Results in figures show smaller,‘
resistance for IDE structure compared to the other structure keeping all O}hetll’l geometric parameters
the same. Interdigitated electrode resistance will decrease with an.increase in the number of electrode

.. : . igation of interdigital structure, both capacitive and resistive effect needs to be
dlglt.s. At AC investiga e ratio shows approximately 7 times less resistance for IDEs which is much
considered. The rc;x;tan:: interdigitation. The resistance of the sensor for the same area w.l will be
grea:ler lha‘:]:r“eu?::l oll;l at without interdigitization. Consequently, conductivity increases with
much sma

interdigitization.

d comparison of resistance for IDE resistive sensor and normal two electrodes resistive sensor
Table 5-1.Calculation an

The Resistance in Q for IDE Resistance in © for fwo
resistivity of resistive sensor considgring Electrodes resistive semsor

St sensing N=8
no material in lonm =20nm t=30mm =10nm  t20om  =30nm

Qm
1 0.00000081 0.0457  0.0229 0.0152 0.324 0.162 0.108
2 0.00000082 0.0463  0.0232 0.0154 0.328 0.164 0.1093
3 0.00000083‘ 00469 00234  0.0156 0.332 0.166 0.1107
4 0.00000084 00474 00237 00158 0.336 0.168 0.112
5000000085  0.048 0.024 0.016 0.34 0.17 0.1133
6  0.000600086 0.0486  0.0243 0.0162 0344 0.172 0.1147
7 0.00000087 0.0491 0.0246 0.0166 0.348 0.174 0.116
8 0.00000088 0.0497 0.0248 0.0164 0.352 0.176 0.1173
9  0.00000089 0.0503 0.0251 0.0168 0.356 0.178 0.1187
10 0.0000009 0.0508 0.0254 0.0169 0.36 0.18 0.12
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Table 5-2.Calculation for the ratio of resi
resistive sensor

The ratio RE/Ride
Slno The resistivity
of sensing
material in Q.m t=10nm t=20nm t=30nm
1 0.00000081 7.08972 7.07424 7.10526
2 0.60000082 7.08423 7.66897 7.0974
3 0.00800083 7.07889 7.09402 7.09615
4 000606084 7.08861 7.08861 7.08861
5 0.00000085 7.08333 7.08333 7.08125
6 000000086 7:07819 7.07819 7.08025
7 0.00000087 7.08758 7.07317 6.98795

3 0.00000083 7.08249 7.09677 7.15244
9

0.90000089 7.07753 7.09163 7.06548
10 0.0000009 7.08661 7.08661 7.10059
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Abstract

i i ve received considerable attentions over
Natural plant fibers a?d th:tgn‘tx;gg):cstlste;fh;‘iocompatibility, possible l?iiodegrr;daélo:%
synthetic fibers due to their lmféo0 mposites of natural fibres have go.tal?a:g eleftrical
non-toxicity and abundancee. e bile parts, copstruchoxtlh mg;:; s and clctical
applications in manuf::]“g plication selection is required 01;1 : i cen made o eareeon of
appliances. For electri , fs Keeping this in view an effort has o o (o survey the
electrical property pammeel -trical resistivity of natural fibre rein ocmion] oooues The
recent research Works.o:;reatorptions plays an important role in elec
studies show that mois

osites. ) . .
natural fibre comp tural fibre composites, Electrical properties, Moisture absorption
Keywords: Na

1. Introduction

i - discrete elongated pieces,

L ials that may be continuous or E o

Natural Fibres are hair-like I::‘tierslpun into filaments, thread,kor ;pri.n:;:nd,t ;;1;31::1 n(i ﬁ{u e

) btained from plants broom, coir, elephant grass, kenaf, | ;

e can be o x, abaca, : al fibre composites. Researchers are continuously

d in mal;mg namrites to support their potential across a wider range

d thlfllr gs)mgi)lsway coaches, marine, military, sports, packaging
udaings,

banana, bamboo, hemp, susz;l, fll:e
rice husk etc. are commorll t)‘:bres .
working to improve naturations s
of application in construc

i . . . . . l
tive. ication i hanical engineering but in electrica
industries aerospace anc:l a‘l:g)frfllgt only got application in mec g
a
Natural fibres

. ic devices, for shielding the cables etc.
as insulators in electronic in making wires and cables.
application too. Theydcatctl,]iml;zea(ll properties p ]agial::trrbilcl?t}::g:ﬁf Er(:;ecrllence fa%tor elc. Dl:electric
electrical, p hysg.glegnc?::de dielectfi? foﬁtiaﬂ?:,tanj with the voltage without breakdowg.olr)i;l;:;l;
Electrical prop ability of the material ;) depends upon the dipole Interaction presenth and aton
strength meantiral fibre coﬂ‘ll’osm.> man {ant insulator will be more efﬁc:en‘t. But as t eri lstn;c; e
constant of name value of dielectric cons 'ty,o f fiber increases .alyd ’hcncef dielectric ;gns ar;e ol
effect. Lower tural fibres, so conductivi ses. So in order to minimize this problem i ersta A eciﬂi
absarption u(; rtl: insulating property decr:iis I;1ean specific gravity, temperaturﬁ r;tmfite ;:f mI:uerial
o oases atrl; clhemicals. PhYSical.p r()F;'ecomposite with water. It depends up(t)‘r:lt :nezgs tbile range of
treated ‘WIth comparison of density 0 ¢ always preferred. Temperature rating fure range s alyays
Bravity 15 1e er density materials ;r used without degradation. Wld_er !empe'rla trength, flexibility
and hence Ov'vthin that material canhe ical properties include elongation, ten? e;asl can be stretched
mgf rfaot:l Zie?:,:rical app 1icati0r1: . l\gfe' cmil:erial which deﬁnez }f;(;\;blﬂlilt;hc:nngz i:lled or coiled easily
etc. Elongation isTilzsgr:g,;p};site ﬁbersbvi\;liltl;hi:a:flogtﬁgr important property which means  th
without breaking. Flamma

W y ph S Cal Q g tr 4lal i .dered fOl' the
ithout an y.l l t ' es fire (ll‘ldus la] Stan
temperature at W]"Ch W

. : ral fibres.
electrical application of the natu
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2. Literature survey

- reduced Tespectively by 60% and 30% duye ¢

0 acetylation, Elammaran Jayamania ¢
Comparative study of dielectri

al. [5] made a
C Pproperties of hybrid natyrg] fiber composites, and found that
dissipation factor decrease with an increase in the frequency, J. B.

Naik and §_ Mishra [6] prepared
composites of banana, hemp, anq agave with HDPE resin in differe
45:55 (Wt/wt) and these fibers were also treated with malejc

fm.hydride and the effect of maleic

untreated banany fiber composite, w

found in maleje anhydride-treate agave f
characterization and propertieg of conductive

© method. PPy/NR blends

chloride a5 oxidizing agent, p-toluene sulphonic’
Comparing The electric Properties of
been with thy of carbon black

Jay amani et al.[28] made copy i . i
Lo Parative stydjeg f
the dissipation anq loss - of dielectri

: . €y found gre, r di i
action; for Instance, the additiop e dielectric
higher dielectric cons

a fibers ingq I ll e gy the S oiume
_ S compareq g4 h Olylactic acjq exhibited
INCreasing the frequency decreageq the dj oot Poblactide ®
BSA fillers W. Jia et o] anal

at
dielectric COnstants, Byg d '

. d1ysed elecirigy conductivity of ot tes [ oS "
8 conductiye filler PANI~DBSA '

m
n form of pow,

Was made of usin

nt ratios, 60:40, 55:4s, 50:50, and

. - : f PANI powder. It
. /ity with content o i
ity which is the inverse of electrical conductivity wi rder of 10-8 ohm
of electrical resistiVlty Whlf,:h is .t}::t'l:)vfe{r‘,siler content elect_rlcal condﬁctg 13;;1; é};il: the wt. % of filler
was observed that With 40% w:l increases or the resistivity gradually eductivity of lignocellulose
em was observed which gradua l?)vié et al[17] studied electrical ‘ionressures and stated that the
: icd o /m,
Chmposiies loddec f the composites 1s < 10- ductivity increases markedly. Choh et al.
trical conductivity o ond which the condu : clt blending and
eLer?:olation threshold of 14.4% (V/f“;ti? cI)J"unch (OPEF B), fiber Con?p,f)Slf;thzyconrzlposites decreased
F29] prepared oil palm empty d found that the electrical cond_uctmtz ctivity, the composites. ot
compression molded into sheets ar:ent. Inspite of slight decrease in corzm 1:{ elect;omagnetic shielding
with increasing OPEFB ﬁber cc;:tive to applications such as se:ns::drsa een fiber-reinforced PCL
fficiently conductive re Garip Gencet al[30] prepar o I resistivity values (both
:fo: ts;;le fiber addition. Recently’reinforcement and found that th}e: l:lzectr;cia: Rr4 type PCB laminatos.
: an
faminate using p]am-bqsffl iftiyb)e:)? fhis Luffa-PCB were higher than
stiv
surface and volume resi

i i ct.
Hence luffa fiber has a better insulation effe

4

3. Discussion

i ds are moisture
.. al fiber composite depqn St
. istivity on the natur . o 1cal composition,
The various factors on Whli{;‘;‘; emtzresent, prgs:knce }(:; ﬁguﬂzﬁsg’ﬁgmshapes affect the
. ous . d es v . . d
crystalline and amorph . Fibers an ; n orientation an
oo, tillre microfibrillar angle ecfnstant of natural composite dege:t?ji ; of fiber inoreas
ccllular Suuconcduc;ivily (15]. D 'el’ cm_x Due to moisture absorption con udecreases' Treating the
;i | c{ﬂ larisation of fibres e creases and its insulatmg' prop bsorption problem can be
interfacial lgelecm'c constant of 'ﬁbetormwith coupling agents’ molstut;i l?s h?;zgl:]t of hydroxyl groups
and henoel with alkaline solut,'on acidic solution, prevents the ?S ister content, The diclecti.s
o] ﬁF'bers treated with alkalmle oroups resulting in reducnqnl oThmO Sistivity of fiber roinforcad
reduced. Fi d functional groups resuit f the matenial. The re
rface an larizability o onent present, presence
on tl::n? (l)l:r mj:erial depends U}}Ot!l:rte!lg:tent, crystalline and ?[lergl};zltlrsicc;lr?:)n ductii':'i ty increases as
cons the mois lular structure. ielectric loss
ites depends on ition, and cellu i eshold value. Dielectric
c?r?rﬁgilnti?esq::hemical Comlt’hf’s“f];%l:r increases beyond p fr;:;ﬁlgohncgl;duction slow polarization of
Y ¢ i € . ic materia L , ith
ontent in in a dielectric ma he dielectric loss factor. Wj
the nawral fiber ¢ f energy 1n a atment decreases the die
; re of loss 0 na. NaOH tre . es and the loss peaks were
factor is mga(s,l:her dissipative phen onn:e rature dielectric loss fact(;rt g—?:lr:aswhich may be due to the
curre nis an of frequency at ﬁx?dlietegeperature in composite n: re in time composite materials at the
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observed a ition in poly the polymer » : t
transition iticizing agent for ture glass transition of polyester a
temperature glass s a politicizing ag ak due to temperature g ition Cber
in i acts a ings the loss pe low frequencies, in banana fj e
fiber resin interface d hence brings observed that at low freq - hig
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’ at highe uencies diele d at higher frequencies, the dielec
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, S transition r less co he rapidly oscillating
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LNFC dielctric co stant decre is of electrical condu ity | o Tl fent in
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i 1
that OPEFB has good insulation property [29]. Study of surface and volume resistivity of Luffa fibre
teinforced PCB laminates showed that the

y have better insulation effect as compared t0’FR2 and FR4
PCB laminates and so they can replace them [30].
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Ipm, maintaining the temperature at 80-90°C until a transparent solution was obtained. 2.0 g of
(Zn(CH;C00),-2H,0 was added to the solution maintaining the temperature at 100°C and stirred
continuously for 10 minutes at 1200 rpm. To neutralize the pH of the solution, 0.2 ml of sodium
hydroxide (NaOH) was added drop-wise to the final solution and was stirred continuously at 150°C
till we get a homogeneous milky white solution. The whole reaction involved in the formation of Zn0

nanostructure is given below. The methodology for the synthesis of the zinc oxide solution is depicted
in the form of the flowchart as shown in Fig. 7-2,

[Zn(CH;C00),].2H,0 —[Zn(OH),] + 2CH;COOH (1)
[Zn(OH),] - (Zn(OH),J* + H* (2)
[Zn(OH),J* -

Zn0 + H,0 + 201" 3
(above 300 °C )

2.3. Substrate cleaning, Deposition of the solutions and Annealing of (he samples
The commercially purchased silicon wafer (pt 1 1
: ype, 100) was diced mto Ix1 cm? and
thorougl.)ly cleaned using standargd RCA-I and RCA-II cleaning procedures, After cleaning, the wafers
were dI.'led 10 an oven at 200 °C for 2 hrs and stored for further use. The zinc oxide solution
synthesized as discussed in secti i ¥

3. Results and discussion

3.1. X-Ray Diffraction (XRD) analysis

. X-ray diffraction analysis is an
Important characterizaion

technique
mostly used in solid- ;

sta_le chemistry and

| Stiring for 3 pyg

1200 tpm, 150

1200 1pm, 19¢ °C g Stirring for 10 minsg

: _ » and crysqg) i
To nvestigate  the v defects

Crystallg ic
Sttucture  gpg phase of the piggil(:g
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Fig. 7-3. XRD spectrum of ZnO nanostructure (a) (0°C}, (b) (400 "C)
ig. 7-3.

i GAKU-MINIFLUX Cu-
. 4 : erformed by using (XRD, RI
samples X-ray dlffmcnmj& mjilgfl;oiz\l/s, I1)5 mA) at a scan rate of lofmlg n i:;I_xglt;rs 3{*‘{0):;1 iO ‘:os 17]2
Karadiation( 1:1.54‘?;98 ti())“\ pattern of ZnO nanostructures before annealing ](ng. s;m :mse 0Of no
1 us

degrees. The X-ray di r‘actin poor crystalline nature, revealing m:’(jampo'rp N Shuchrs of b
characteristic peaks,indica mggm for the sample annecaled at 400 (Fig. )
film|24], whercas the spec

103) planes of ZnO.
characteristic peaks related to (100), (101), (102), and (103) p

t process in the semiconductor material processing. l(}e(r;erally,h the
ing i - e ion i i ess leads to phase
Annealing 1s an m;ﬁ?ts o tll)-ansfol'mat‘o“ in the mnner stru[ctllll;e.a';l:za I;iiogc ;; nanostmc;:med
aforemeationed process 1% tallization process. Expenmgn ally, i :
transformation by a means of C(ll-yiesul ting to successful alterat:oq in the Sefrpzw%ldl;:glse Spl\:)f:;tllz
semiconductor is commonly usf the sample, it is noticed that the alignment c(l)' nc I;tal lanes of the
25, 26]. Due to the a'nneallﬂi_% ?ensity of the peaks is increased. o c?irrteszo?edﬁio?m tfll)e density of
o e W?"Ch E‘: :;’Ed crystalline phase o ZnQ, att?gl(;t(f"c ci,s the phase transformation and
e Tifmpres nt work, the effect of B f nanostructures was calculated
defect statcs[27]. In (- {)_fCSE hase of ZnO. The average crystal size o
. talline p
restructuring the crys

. iven by equation (4).
using Debye-Scherrer’s fB‘i“EE ?Eézsef W _
is the wavelength of the X-_ray radiation used; K ~0.89, is
7;—0.154{)-6 nm lh If-maximum of the main peak (FWHM). The average
full-width at a‘ned from the diffraction spectra are presented in Table
e ples e elcd at 400 °C, was found to be 20.80 nim.
e samnl

where D is the crystal s1z¢; he
the shape factor, an.d p |s..tus p
crystal size along with vario fth
7-1. The average crystal s1z¢ 0

obtained for the Diffraction peaks
]

Table 7-1. Parameter

20 (Deg) FWMH (Deg) Crystal size Average
Sample (hkD) (nm) size (nm)
planes — —
Zn0(0°C) "0) 55 0316 25.88
(10 ' 28.55 20.80
qop 3671 0.290 N
ZnO(400 °0) a2 413 0.600 14
14,51
(103) 62.12 0.632




40 Advances in Physics and Applications

3.2. Scanning Electron Microscopy/Energy Dispersive X-ray analysis
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u - mg it 1 1nleres 1aLeria Q b(‘ '\d

ic applications. ‘ o
OPfOCICng:E(lL 1p}]3[';: h(?iS been carried out to investigate the percentage of clemental composition in
A dnaty H

' ling shows a composition weight
EDX result of ZnO beforc_ annealing : _
- Pr‘-‘Pﬁder 252113?]0::(1 '71:2 %9 for zinc and oxygen, rcspecuve_ly. Whereas, zinc oxide annealed at 400
Sl 5 Og r?d 64 9;1 percentage of zinc and oxygen in the sample. The EDX spectra for the
N Colmmns » atcd ir-1 Fig. 7-5 (a & b), and the essential parameters are depicted in the
samples are presen )

corresponding Table 7-2.

Table 7-2. Elemental composition of ZnO samples

0 Zn O
le Zn ! |
- Weight% Weight% Atomic% Atomic%
29 92.71
Zn0 (0 °C) 24.31 75.69 7.2
35.06 64.94 11.68 8833

7n0O (400 °C)

q o 2 4 &
wvt ol Seme 413 otz Gorser 000

0 2C), (b) (4002C)
ctrum of zinc oxide nanostructure, {3} {
Fig. 7-5. EDX spectr

3.3. UV-vis spectroscopy analysis
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the results, it is concluded that the transmittapce of the film coghdoléefe?f;azgig ifr[‘(}):lz
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4. Conclusions:
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Chapter 8: PRECISION MEASUREMENTS OF ATMOSPHERIC
MIXINGPARAMETERS AND OCTANT RESOLVING
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Abstract

This study performs precision measurements of atmosphefic mass mixing parameter
Am’y; and mixing angle 03 in light of two accelerator experiments, T2K-II (Tokai-to-
Kamioka) and NOvA-II (Neutrino Off-axis Ve Ap_})f:qrance), and a reactor-based neutrino
€Xperiment JUNO. The work also explores the sensitivity of the three expeniments combined
10 resolve octant degeneracy of 6. It is shown that the Bz octant resolving can be improved
Significantly with short baseline reactor constraints 013.

Keywords: neutrino oscillation, octant degeneracy, long baseline, reactor experiment

L Introduction

oscillation in 1998 and since then, neutrino
f neutrino mass hierarchy (MH), leptonic CP
d precision measurements of neutrino mixing parameters.
al phenomenon where neutrino can switch its identities
te into p-flavor, P{vul —vp), dcpt;nds on three
. Mix; g g hase Ocp, tWO mass square sp ittings (Am’,;, Amzn), 4
| enz(rl;f ii;lygles e B'-3’ i CP‘VIzLac:Inxﬁﬁter density which neutrino passed through, p. The
, propagation distance irino from a-flavour neutrino is given by -

Drobability for the appearance of p-flavour of ne Am,-sz 5 _ (BmEL
A2 ) + 25153(UailUpiUajUpj )sin 2 E} )

P(‘u « 1y U .)Sinz
= Vp) = §.p — 455 R U 'Upl ajvBi 4E
3) ap i>j ( al i =1, 2 3. 0= = p gives the survival

w . i . : -;#,eandi.j ; _
prltl)ir:bp 1S the PMI\_IS mixing matm:-v[iir]a’l;[pf"babﬂity of v, provides a precise 'rneas?urement_of the
. os;;‘]:g){ of v,. .Dlsappear::‘l;: (515111 290,; and Am’s;, whereas appearance of v, is driven by sin?20),
TiC neutrino param s

a iti . ama

d sensitive to dcp. - measurement of v, survival probability and./or appearance
Priibak: To measure 0y, one can ushown in Fig.8-1. The left plot shows that v, survival probability
is pr::bl lity of v, f'ron21 prod;z;eg :’ﬁ ;S ent, it 1S unkﬂfl)lwn_wlhet!;ez 923; 1t/48 Oir <hm’4 since they
. PToporti i L., Wit : » The right plot in Fig. 8-1 shows i
s Samel (;’l:?)lb;%isili?yzzg-called «ambiguity of WS .8 dcp=02

|
\.
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Super- i discovered neutrino
per-Kamiokande o problemS e

Violar: :
lOIaqon (CPV), 0,3 octant resolving and.

WCUtnno oscillations is a quantum mechanic i
€N traveling. Probability for a o-flavor t0 2

earance probability P(v,— v )
App(a: L=295km, E =0.6 Gev) °
1 O 5 TR | T — s

Survival probability P(v, = v,
(at L=295km, E_=0.6 GeV) .
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03 035 04 : e 0o reight) for T2K-1LL

'r ki sin‘Gyg d v,V appearance probability (18 )

| '8 81 v, survival probability (left) and %77




wrw T
I .
!

i

‘

|

46 Advances in Physics and Applications Advances in Physics and Applications 47
degenerac; iﬂthev—werappﬁarance. Iving fhe 0. , ]
violatipn, ¢ ! ace. Solving the 0z octant can help s to better measure CP 3. Results and discussion
Xperime simulaion 4 ’ i . . (MH) as normal hierarchy (NH). We use both v,—v,
E " and sime s | We assume true peutrino mass h;mlg in this simulation. The true values of oscillation
i appearance and v,—V, (!JSaPPm‘;e 02
2.1. TR | parameters assumed are given in Table 8-2.
, : ; i meters with the global neutrino data
Tokai-To-Kamioka (T2K) is thé 2nd generation Table 8.2. Gonstraint of oscilation per?
neutrino oscillation experiments located in.Ja zg accelerator-based long-baseline (1B; ) Am’;n Ay
wnil 2026. The T2K far ditector, Super Kamidkange ogr - 5P P05 10 exiond the T2K zun . e, sitfn O @) (V)
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water. This capability allows T2R(-II) to mezsure simy] or with 22.5 ldons fiducial volume of pure — " 0558 222 73%-5 25233
Jueutrinos zad dhe appearance of electron famti e .o The. of muon (amt- Bestit (310 002241
noutrings. Ta Ref. (3], T2K ectron {emti-Jaeutrinos from the flux of almost ‘ (omti- | OH)
CP - ! ]’ _' mtommmozl, DICTIS-Dmn-13 ™ bure mion ‘(m' 5 o K .
‘ ¥ with a confidence fevel 3o or higher if § ~27¢° and make . ge't (POT) thereby exploning . i the sin?0,3-Am’s; space at 90% C.L. for T2K-II with
AmPy. make precision mtasurements of 9,, and Fig. 8-2 shows the allowed region ’l" ined JUNO only and T2K-II'+ NOvA-IT+ J.UNO (1'01'"{
reactor constraints, 72X~ and NOvA-II co "known), we calculate the statistical significance

sin0.; (octant is kno

: . I .
2.2. NOvA-L: l analysis) combined. Given a true
NuMI Off-axis ve Appearance is a 2nd : ' 107 T T
laced in the US with a baseli generation acceleraior LRI s _ 265280 s, 0% CL. ]
lp;mg bascli:e jimi ta basei;:e ot 810 km I{etww the production Sourzr:eLB‘]; neumnoj léXpenmem l - J— 43'2" wi reactor constraint E
)neutrino interactions '?‘h:xf,;r dre he MH with high sensitivity via the mt:ge the far or. Such | 2.65- —— +NOVA ]
weighted up 14 ktons, stector is filled with liquid scintillator cor effect on the (amti- | - — 3
o p ons. In Ref. [3], NOvA aims to extend the rup g, Contained in PYC cells, totally - . ___ JUNOonly -
CP‘?Ir to get 30 or higher sensitivity to the MH in case the MH is':“gh zgg;wti call as NOVA-I], in f ,ﬁ 2.551 //-:’-/_\ .
| - ormal more than 2¢ sensitivity to s [ =
" 23.JUNO: oF 250 ]
Yiangmen Underground Neutrino Obse : . ' 2.45F
neutrino experiment located in China and h(:vuzte?;(ngNo) [4] isaf%ctor-based med -
detecting the electron anti-ne & 3 kton large liquid <. cdium-baseline - 0.54 0.56
(NPPs) with an average basfin r oor, (e Yangiiang (Y)) ang Taigpo o SCibtillator detector for 240ty 05, 052
8¢ baseline of 52.5 km. Each of the ; an (TS) nuclear power plants 044 O sin6y3

Power of 2.9 GW and the four cores at TS NPP vj ay]
p nuclea . ,
36 GW thermal powe will generate 4.6 GW each, The; Plant wili produce a e at 90%CL W

r. With 6 years of data taking JUNi i
- i c 2
36 ZSOIar Frpower With Joun Amzn ki g, 0 can achi Ombine to produce -Am ‘31 spac. 0.5 are assum

ith various experimental setups. Normal MH and

ed [6]-

.2
. s in the sin 023 . 20 o . .
Fig. 8-2. Allowed region in sin“0z3 2023 as a function of true stOB can be

Am®y, the atmospher; A n 1% precici .
: ¢ Neutring Precision on jons of sin V23 5% -
ass-s it llowed reg isti gnificance to exclude the wron
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. € experiments, using f] 9] is useq . obtaj 36 C.L,as$
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0.65F=T2¢ £ & :
Parameters o 0.gE—NOvA-I B
T2K-i NOvA i § 0 5:§—Joim analysis &S
- - 0.55 - o
Exposure (POT) JUNO s F .- - AL M TN i |
20X102! € 05y £ 3
Basel: T2X10" Syrs FroasE g 2
aseline (km) 295 . @%GW-th k= 04E- g i o=
Energy pe 10 3 04 045 05 055 06 065 0.7
8Y peak/range ~0.6 Gev ~2.0 Gey 525 0.35F 857035 5in°8,, (True, NH)
' - 0.3E 57055
(Far) Det. Type Water Liquig 1.8.9 Mev 8.3 035 04 (2)945 (Ig:t’ Global) - nificance to exclude the wrong octant (right) as
Cherenkov ?\ll Liquid sin“Oy 2 . )and Statisgig'] 5:5 the plot, joint analysis refers to combined analysis
(Far) Det. Mass Scintillator - Fig.83. Allowed region of sin 9232 o° are assumed o

function of sin’8,;. Normal (MH
Of T2K-j1+NOvA-11+JUNO.




bined analysis ig shown in Fig, 8-3.

icantly when combining T2K-11 and NOvA-I data samples,
C.L.if sin0,5 is <0 46 of >0.56.

4. Conclusions:

We performed the precision measuremen
combined analysis of T2K-II and NOvA.II,
mass-squared splitting comparing the regy}
Neutrino experiments and JUNO
offers a great sensitivity to determ;
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Solar neutrinos (ve)

neutrinos
Nt » (vP' vf)

e

AR
-
S

Earth
Fig. 9-1. Natural and artificial sources of Neutrino in a nutshe|| [5]
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Uer U, U,
Upmns = Upy, = |Uyy Uz Uy
Un U, Uy
Clzcl3 s 312 C13 313 e _i‘S‘CP
= | TS12623 — C12513533e'%cp C12Cy3 -312313323355@ e 1)
i8cp 135>
51282_3 T C12513C53e'0ce TC128y3 — 512313C2 eldcp .
where, Ci=costy and characterized by three 1ON-zero ang|eg Oy and 2 Cﬁar Ca3Cys
cp. The mixing angles 0y are associated with solar, almospherig 5 =L

ity Violating phase
ncll_réactor Neutrinos given by 0,,,
s Sf liting terms being Ap2

ve for Inverteq ) Hils POsitive for N,

013 and 0,, respectively, the mass-squared differ -
(Am232), with Amzij=m2i-m2j such that Am231>0 and Al'n2 =
Hierarchy (NH) and Am’s;=Am,<( is negati
mass spectrum.

The probability for the transition of B-flavor of 1,

by eutrin() ﬁ‘om u_ﬂ

P(Va - Vﬂ) = 60-'4‘3 Cs 421>1m(U;lU§!UﬁjUﬁj)Sln2 (ﬂﬁ)
4E

. referred o4

Maximal. In equation I, a purely rea matrix correg Eenerac IXi

other valye is indication of wglauon of Chargf:-lg)aonr'lt‘:],]rs(tg]éni)C ! e I?tegerﬁ 1 zepzf rmf)ung iis ot

channe], through the Kobayash1~Maskawa mechanigm, [4] M any p no anan %
epton Sector is of great Interest and js 5 major foeyg of overy of at Ppeffrance

Problem s the Sign of Am?;, which decideg the ierarc Pelimenyg th R .the
MI<my<my;) referg 10 normal mygq hierarchy d Am? 36 f 35S eigen Dre§s1ng
lerarchy (IH). The aim of the ongoing and future ey me“t' : 2 refe o A5 >0

s hictarchy, the aotan of g, gy 1 values of § 510 brecisly g 1 invert mggg

.

1.3. Neutrino Sources

. . . 2d in the
t abundant massive particles in the universe. They Zfe pmduezc?nlclude
: : 05 4 . o -made sourc
Meutrinos are the msu crnovae and active galactic nucl_cn. The man I::]celerators Nt
stars, Earth’s AERaSp here’l pﬁssion in reactors and through pion dec.ay mTz}h major c-ontribution
neutrino production mhnuc - of the sun through nuclear fuswnl reactions. az o cjduccd i
in the core " ) the solar neutrinos ar .
o alsc; prodlrlgf:fn proton (pp) reaction. More Lhal:_zg/;fofu and *B nuclei. The solar neutrinos are
comes from p 5 during producti - I d
. uced during elium (He) nucleus an
process. Neutrino is also prod deuteron with another proton produces a Helium (*He) w fuse to
inos in nature. The deu ) ‘He isotope. Both the Helium isotopes no
clectron neutrinos Its in production of "He - lectron/proton capture to
samma ray which further results in p a ray. The 'Be, then, undergoes electron/p
= s 7 da gamm . z
form Beryllium (‘Be) an

V d Ell'e—

7Be +e— TLI + Ve
‘Be+p—"B+y
B—"Bete +Ve

re through carbon-nitrogen-
is also reported from depth of the solar co g
. : 110s 18 ‘ -
Detection of electron ?t]zutf . man-made nuclear reactors via nuclear ﬁ§§1on of
oxygen (CNO) cycle [0]. roduced in the They are produced in large quantities and

Reactor neutrinos i : d Plutonium generally action involved in the production of
Tadioactive isotopes of Uranium aln tron antineutrinos. The re

. flavor: elec

they come in only one

3 by_
cess, given
reactor neutrinos is the beta decay pro

n—p+ e+, .
ilometers above Earth’s surface.
typically produced a:oun;i l?—o;t(:)lnos) from space interact with the
Atnospheric neutrinos are chr getic particles (mOsty pr atmosphere, there is a cascade of
They form whfﬁ a cosmic 1ay, trﬂfe ag atomic mmleusf]?h :1:11 pions (and a few kaons), These o
Earth’s atmosphere. When they 17 d mesons form, .mos(ti Ocay into muons and muon antineutrinos (or
icles. Short-lived particles ¢ and they rapidly de Iso undergoes decay into an electron,
Ezglt::bfljs- ancr?;les made of two q”a;ksl;luon being “nswbéﬁ’rdas of atmospheric neutrinos are muon

e 4 - 2 - i N K
fimimuong and muon neutrmOS)r-I neutrino. Aboull“:t‘r’on neutrinos and antineutrinos. The reactions

y . d muo inder are ele
Clectron antineutrino, an main

I . nd the re
Neutrinos and antlneutrm(::s’ ’
involved in the process ar ) (

K =) — + pn':nary/dominant decay)
h ; it v,
X ( adron) -7 ( ) F

i n deca
2, g+ Ve (Ve ) + Vi (V) (secondary ¥) 0
g Kf = e +v, (V) +7

. imilar process as that of atmospheric
accelerator using Zciljéiateg to a high energy (of the order
i € is T -
. are produced mn .thos where a proton f pions. The positively (negatmf:ly) chqrged
Neutrinos man-made nE:utrmno in prod“d‘ongassociated muon neutinos (anti-neutrinos),
Neutrings. They are 5 ) an

resulti . ns on neutrino (anti-
of GeV) and hit on a target ) anti-muo st a pure beam of mu (¢

0 o
d decay to muons (utriﬂ os form allTZO a detector, generally placed underground.
¢l
Plons are unS“‘b;e a::urrinos and ant1-n€ ¢ field
hus, accelerated n

eti
; hlgh magn
Neutrino) and they are focussed using
1-10,000 km apart.



52 Advances in Physics and Applications

2. Neutrino Experiments

2.1. Solar Experiments
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5 dig 2 nixing A
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3.2. Cherenkov detector

The Cherenkov detection technique has been employed_ in
order to investigate neutrinos for a large range of low to high
energies from 0.1 GeV to 10 TeV. When a charged particle light

traverses in a medium of refractive index n, polarization of atoms
1. If such a /

in the medium takes place resulting in dipole radiatior
v<c/y, the /

Particle moves slowly through the medium i.e. :
ed symmetrically

radiation from the excited dipo_les 1S emj[t "
around the path and sum of all dipoles vanishes. If the particle
hase velocity of

moves with a velocity greater than the local pha Aot 2E5TLIE
light i ¢. v>¢/y, the dipole distribution 15 asymmetric. s H

the sum of all dipoles 1s non-zcro anq results 1n rad;at:on d;)f
electromagnetic waves. The resulting light wavefront ﬁg{f}/ﬂe
radiation is conical with an opening angle 0 .such that CO}: = eg
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; ) £
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" ! 5
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parficle
Fig. 9-2. Cherenkov radiation [7]

The ring w1

- SeT—— - PR = " - nstructed as: (a) muon rings(sharp) with
Fig. 9-3. Rings of Cherenkov light detected in 1998 by Super K’tLe;oof 492 MeV. Images are taken from

momentum of 604 MeV, (b) electron rings(fuzzy) with momen

M«M“bﬁsk/tscan/compare mu_e/
orresponds to electron neutrino.

' ced b -ring of electrons € ! _
e iz ENG PO sy hort lifetime of the lepton. From the ring,

fication of v, is more difficult due to the shoT _ ]
of the in comingtparticle can be understood pr_eclsely_ The axis of the cone determines
the propertics 9 e d the color of the light gives the particle energy. A few of the

the direction Of_ the pafsd%h?r]enkov detectors are SNO, Super-Kamiokande, B-DUNT, ICARUS,
?xpceril;nellgz Wg}fﬁig?wm\]e]', MiniBooNE, NEVOD, T2K and UNO.
ceCube, kami ?

whereas th .
The identi

3.3, Scintillation Technique N
anic materials which emit light flashes when charged
(*

; ic and 1nOTg ‘ C _

There are GEXT Ofgﬂm;s through aem. These materials are called éunn[lato:s. IL a charged
Particle, x-rays or gamma rays pa i< incident on the scintillator. it interacts with matter in three ways
Particle, 2 gamma ray or an x-ray . fucti

= y nd pair proauc
h ' -omptom effect a .
S_f)_toeiectnc effect, comptom doced by SUCCESSIVE —
ferent energy ranges are pro :

ions and the kinetic energy ol the

on In each of these effects. electrons of
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secondary electrons obtained ionizes the scintillator. The excited states of the scintillator material de- ‘ W/———_—_—_—. Jetection
excite to lower states by emission of light flashes. This emitted light is scintillation, A certain amount - ~roBooNE use this techmique fwm .
of emitted light falls on the photocathode of the PMT producing photoelectrons (Fig, 9-4). The Power. Experiments like DUNE, ECARUSandMI‘fmid Xenon instead of Asgon in their experiments.
photoelectrons are then accelerated by the electric field to the first dynode producing a bunch of CLEAN uses liquid Neon and EXO-200 employ hiqe
secondary electrons. The elg,ctro;ls are agam.ac.:celerated to the next dynodes until the electrons reach : The Feactions enqu g detectors are: .
the anode with a gain of 10 -10". Thus, the initial ionizin radiation gives a burst of electrons at the Vb ey g o gag hesescattel'iﬂg interaction F
anode where an electrical pulse is taken out for further analysis. ' Vit €, vig electron
- . Vibpe, o ; ; ic scattenmg
. FOCUSING ELECTRODE X+ p, via qm'elasnc el
; sEconpaRy . Vet N\) + . + N via yesonance excHatiol
; ELECTRON . LAST DYNODE -STEMPIN | XtAN - x+ !4 >

— T v ] ! . . . 'on . . decaym' g with x,

DIRECTION Tr\ Vﬁ?&"fr’i‘) wt X+ X vig deep inelastic interact! and N coI!BSPond to excited states,

OFLIGHT = Cerr ¢ A\ . . ean

) 'KL Z :'\"C:'\'t] INCID: Xisa charged lepton, N is 2 nucl .
rceruare A AN : muen "X is 2 hadrop
AN 'Mczgmgmsn \_anopE ° 3 ‘o y ond unk WIS
*_PHOTOCATHODE N 0-PHOTOCATHODE *“rrep rino: known assuming poymal

. o o ‘ a0 153-3533553 t Status of Neut ﬂlaﬂon pa'amctel'sg g

ig. 9-4. Schematic diagrams, of Photo-multiplier Tubes, The right image shows a circular-cage type PMT (8] [9] for the 0S¢

values
P . ' . The y d 2020 global best fit :
The scintillator detectors are most ideal for reactq i : : b pdate g
Some of the experiments like Borexino, CLEAN, Daya Bra;elg;:gs “l')lth Cnergy range 3-8 Mev. efarchy.a;e: 2)=2.221, Si“zﬂz‘:oj:i o) = 195 ers of 612, 013 » Am’y,
LENS, MINERvA, MINOS. MIN OS+, MOON, N OvA REN S 2z, Double Chooz,_ KamLAND, SIn‘0;,=0.304, sin’6,; (10°) =2 2)=2.514,

= i : . the
2.1(10°eV) =2 o oscillation mass cigenstates, {
JUNO, Braidwood, KASKA, Angra have the scintillation techni 3l ( casurements © three

2 S w2y = ed
’ 2 (10°eV?) =7.42, |Am y of the have been studit

. que undertaken for Study of neutrinos, L | ?‘e global fit gives more prem:e rred as mass and determinanonb(’fsi?ar experiment while
3.4. Iron Calorimeter (ICAL) - : Un?,, | The sign of Am’wzs Fefem angle 023 8 O casured by . The short
- CHieq %8 Of the octant degenericy Of pixing D81 ¥ L ined by Kanll jAm’s - The
India-based Neutrino Observatory (INO) deploys-the . | X ively i o oAl gal fits. The solar M is co asitive to 63 a8 lar parameters
understanding the hanism for detecti "0ysthe Iron Calorimeter (ICAL) techpj the Co Y 1n the two glob " difference A 2! are ¢ 10 measure the so'ar b LBL
: g mechanism  for f:ec ng. t.neutr{nos, ICAL dete Ctors generg] que for basel‘ "&"Donding mass-sqnal'ed di Bay and JUNO promlses are the only ongoing od
neutrinos (v,) only, the INO-ICAL being sensitive to atmospherig v, in the ] Yy detect muon Upey “{e reactor-based experiments Qﬂya p eriment K and NOv/ them are also conside >
glnsm;s of (I:Pl::m’;‘lb;ll; of altema:iﬁxIlgAlinésngg irqllal glaates of deﬁnit'; thiclfne;:Sagie\I;erange. ICAL apanmt{rng reactor-based medium bas;llt';::’;recisioﬁm oS results best sample v, ‘1,:1 ; ;r :: by
ambers s). The propose Will have 5.6 ¢ th: o, - sistive Plate . 2. with a b€ disapp d to mass ot :
l.84x!..84 m? weighing a total mass of 50 ktons. The 29,000 RPCsf];l;ﬁ g:n Plates anq RPCs of areq | The en ts.BKl 311:)?1 gﬁnlln 3lth :ngl obal fit sz Am’1 throug!‘ tf ve) Plii:)n experience in th261r|
detection. The ICAL will be sensitive to the energy and directions of e my 3 active medjym for woLB €XPeriments are sensitive t0 023 ve = Vb v‘-'nos (anti-neu"(')s + is sensitive t0 IA'(I;V x
current (CC) interaction of the atmospheric v, with the irop target in the d 015 produceq in charged- ' ) re:(} to 013 an ds n stho h their appem'anc;]s the neuts! OSM:Irance search only. %L)
Interacts with the iron to produce a muon which is electrically gy, od Clector. The myoq neutrino Dy l“ﬁon due 1o 1 ugaer effect potent! . HoweVer . disappe 4 confidence level (C. o

sensors in the RPCs which set off an electrical pulse, to be measurg IS charge jg Picked up by | b“(:pagation to ut:: dq:; cl:;?.s through . \p for muo? l::i‘:h greateé t}fm The best fit value of dce

tron;j ‘ e Dot t10 . .

- together the pulses set off in successive glass plates, the path folloy, dy the elec

Howevel',
onics. By pieci its operat’™ . eu t30L- ing value 7.
ICAL @INO detector is expected to be magnetized to about 15 T ; by the Muop jg trac);gg Nt : Q"elltly s A and cp due to its ance of a0t y Scp At e to CP convers .
cctol .o e in th, : d. The | K o1 Showed evidence of appear es of ~clos itive to that of
opper coils. This will able to discriminate between muong of diff, € of the irop plates ue; Ty 3lop €vidence ing values © is 0.827 . . not competitive
capable of differentiati i b oMt charges apq o b ALES Using - K lige © €XCludes the CP conserv AL put it iS DO ¥7 7 " n220,,, octant
crentiating events induced by v, and comresponding apg;._ ) €nce, it wil) be for. ©s as for to 3n/2. OvA .« gepsitive 10 ra
X . g anti-n t ere . e N s eneracy
MINOS experiment also used iron calorimeters to detect neyiy Curins, art from \ e ear' 3n/2 for NH, wh fScp clos ment thaft sample 15 r. the octant degenerd
take the advantage of this technique include NEMO-3 ang SuperNg;I (S)Ome other expe 'mr:nts 8i1th]: 1 ty. T hlel‘archy, the best fit f")or o edisaPP-car . ce onts. Ho:/;;’ea;] d also by con:lg:gﬁf
- ) ic . c,tor‘bas has better preCllenrimentS- paselin® exp sin’02 app £ 0, lies in the uppe is HOW
3.5. Liquid Argon (LAr) detector | ' c:: Lbe re::] short baseline e"lﬂealone in lon%es as (he ‘fent pest g‘;; fits, Maximnal mixing
Q ved by this samp e pr al
D. Nyrgen, in 1974, introduced an idea of Time Projey: sllpe ¥ TSSolved g dding appearanc® smfg data- T"of,’, the gloP . o ored with 270 CL.
image of ., is dri Jection er (T Th r Katn‘ ya g be Deep Co jevel fr r-K data- ig disfavor 1 fit. T2K and
1 ) an event occuring in a noble gas is drifted towards 5 collectip (TPCy Where the | & € loy, lokande and Ice Cube afidence g SUPE hjerafChy ! in the global 1t - dding
. mensional image (x, B _z) of the event is then reconstructeq from eg m“ll{-elec ¢ ara eiAec:l:ron 'sfavo er OCtant is allowed at 2.40 ﬁ 3.9, includl v et’ted experiments 2-0.4. HoweverI:IH wrt
time, 7. In 1977, C. Rubbna_ extended the concept to liquefieq noble .. " ¥) Informatigy, Y. thrge red_With a significance of A - el ud?d’ ! ajl‘the shies due to for preference to. o
as Liquid Argon Time Projection Chamber (LAr-TPC). The Ljqy; gas, Considerip, and the drify NQ Wi, S iokande datd nsldeﬂng hierdf f sz’z-4 trino experiments
calorimetry and excellent article identification capac; 'd Argop (LAr § Argop, Naming jt Ngrmal hj uper Kamio 276 CL- cO y of 1° poost O _or-based BEUE T 7 v, is crucial
Particles will jonize the liqti)id argon and the ionizedp:;:giome Principle ¢ i electors haye good | a ;A al():ra?hy is favored at reference for ents V¢ :ic react‘:_ — Ve and
field. Th ) 008 can pe 4. 1mple_ . , the € do not show any p erimd her® ™ s ve,
¢ dT;ltleecttah:cu-lcl):s are then accumulated on wire planes Which offe; a3 d"fted by an pli eed ct;arge‘d IH A cLB €Xperiments with reacto” cIfP 42 o’SP/) ViV
Ors have very high neutrino detection efficiencieg and o View of & int electric J“‘ht Ombjpe d analvsis of acceleratoro%> v Ve
XCelleng back €raction. The t e a Ysis of o a ys1§l o channels V¢ oscillatio
Tejection Solye 1. Of the oscillatio 0
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Chapter 10: EATERAL DENSITY DISTRIBUTIONS OF
CHERENKOV PHOFONS IN EASS PARAMETERISED AS A
FUNCTION OF PRIMARY ENERGY (E):
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Abstract

The CORSIKA. sinulation code was used ta:simulate the lateral density distributicns
of Cherenkov photons. im Extensive Air Showers (EASs)) for a wide range of  priwary energy:
from 100 Ge'V tor 169 FeV and insidemt zenith angles: fiomn 0° te 407 ovex different altitudes of
obsexvation. Wsing these simulations we obtained! 2 parameterisatiore of lateral density
distributions (pw:} as @ fimction of emergy for the primary y-ray photons, protoss and iron
nuckei. This kind of paameterisation significantly contrifute towards. an understanding of the
pracess of prinmry paxticle identification, reconstruction of the sﬁnﬂw&r ebservables and an
efficient disentamglement of the y-say showers fiaur the hadrowic showers. It can be seen
fram our pammeteﬁsﬂion anaIysis that the latﬁd diensity (Dcn) nm:h.bsman of Cherenkov
photons follow a fumctional form Po (EF aE’ for the three given puimaries at all the
different values of zenith angle (6), altitude of abiservation (H) and distance from the shower

of function parameters (a) and (5).

care (R), but with different vafues
Keywords: Gamma-ray Astronoimy, Cherenkov Radiation; CORSIKA; EASs

1. Introduction

\ ding of erigin, propagatiom and acceleration mechanisms of Cosmic Rays (CRs)
The understant, 6 sphere with extraterrestrial particles of high, ultra-high, and

constantly impinging the Earth’s atmo h . h
exxtlrse ;:1;3 lnl;mgp;lmeglll:fgy .mains one of the major unsolved problems il date in the field of CR

_ i Blasi 2013; Bhattacharjee &Sigl 2000). The pri

research (Nakamura et al. 2010; Gaisser 199; . " SUUN primary
energ; of(‘b(]:Rs extends over twelve decades of energy with bulk of the CRs originating from within
our galaxy. These CRs mainly consist of charged particles and are deflected isotropically in the
Y- reaches us with no information regarding their source(s)

intragalacti tic fields and thereby 1 : :
direc%?o:(;:)‘,: I?:ﬁsa, the sources that emit these CRs also emit y-rays which are neutral and do not

1 \$). HIOW g propagation. Thus instead of CR§, the detection of these competing y-rays
czzs:ltsl:)egeil];rzztli(;ﬂdi‘;;‘mﬁging tlgxe locations of such .celcstlal sources. Ot?e of the techniques that is
extensively used for such purposes is the _Aunqsp!leﬂc Cherenkov Technique (ACT). ACTs mainly
consist of ground based telescopes operating ‘fmh.m the encrgy r;mge of some hundred GeV to few
TeV (Ong 1998; Holder 2015). The process 15 indirect and depends on the registration of a very brief
flash of blue li,ght known as the Cherenkov rz}dlatlon. These radiations are emitted in the y-ray
initiated EASs due to the interaction of relativistic charged particles present m it .anf.l the atmospheric
particles (Hoffman & Sinnis 1999; Weekes 2008; Bhat 2002). The method being indirect, necessitates
the use of Monte Carlo simulations 0 properly analyze the data of the Cherenkov detectors. Synergy
between the simulations an oper calibration of the detector array, effective

d the real data ensures pr¢ : . . e
rejection of the CR background, efficient determination of the primary energies and the incident y-
ray’s arrival directions. From time fo tm

e various researchers from the field of High Energy Physics
have carried out extensive studies to establish the dependence of the lateral density and arrival time
distributions of Cherenkov photons o

the energy of the primary, type of the primary particle, the
) ot shower axis (zenith angle) and the altitude of
radial di hower axis, the direction of the 0
adial distance from the STOW o0~ A1 Rubai

observation level (Chitnis& B ee et al. 2005; Abdulsttar et al. 2016). A spherical
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Table 10-1. Total number of EASs generated for the y-ray, proton and iron primaries at different values of :!rﬂ:nan;l

, energies, angles of incidence and observation altitudes

Primary Particle Energy | Number. of Showers
100 GeV 10000 .
500 Gev 5060 J,-'
¥-photon 1TeV 2000
: : ' ) 2 TeV ' 1600 I
!I : - ] 250 GeV 10000 ol
: o, (R) from the ’5 5000
- o obServation altitude (7). i s | _ 1 Tev

mﬁhﬁ@mm(f;mﬂmaal 2015; Das et al. 2018), . A small partof this Study | . Proton - 2TeV : 2000 -

D _dlﬁﬂm aspecis of our has - . . | ) _ '_
gonsm simulation process is disaxsms ed in m”?@"“ﬂmdz (Kmppm&o;r ecia;gg :s follows. The detajleg | : 5TeV 800 ﬁ‘
fm;orvahmcht;‘?mm dimmphomm IDS density distributions as a function of mzr;y%a&iammsmaqo,n Is |" P 1 TeV ' 8000
level(H) in Section 3 followed by a mn of ;s(mk);s mhobt;' ::’%le (6) and altitude ofﬁlsewatffz : 5TeV 4000
We present the conclusions that can be derived from oyr work, 0 Section 4. F. inally, in Section 5 ; ' Iron 10 TeV 2000 .

| 1 : " 50 TeV 1000
2. Corsika Simulations - ’ 100 TeV | 600 -
. ‘ : A1RAOD
' | > ity distributi have used the US staftidsid?
For our study, the y-ray, iron inie: | . hoton’s density distributions, we ;
At » Proton and iron initiated EAS not have much effect on Cherenkov p ) et al. 2018; USSA 1962). s g
m‘:&d‘:&?m 6.990). The hadronic interaction mode] Qscgajg‘%el"é‘ hsalsmll)lelated using the E aunosp‘;x erl;::umodel parameterised by Linsley in our study (Das ) iy
Yow ot o 199‘;”1: and GHEISHA 2002 for the loy energy-interactiong (Knap €0 used for the | ] . _ of Lateral Density Distributions .
using th esefeldt 1985). The electro tic Componens of th P & Heck 1998 | 3, Primary Energy (E) dependence 1 1o
inteI:-gacﬁ : EGS4 code 'elson et .al 1.985) QGSJET 01C and GHEISHA 206 EASs are simulated | 4 7 Vo>
on the o h:;’ models, But.sn’u:e density distributions of Cherenkov phg, tons sho 02d are relatively o4 N isation purpose, it is necessary to count the number of photons per shower
- ice of hgdromF Mteraction model and Cherenkoy Photon’s averagezeha Ost no dependency f For our parameten;a lgt of This gives us the lateral density of the Cherenkpv photons. The
havé’gé'm:t fff: EAgs £ ome, ghe rml}s will not be much affected (Hazarik ot T WLt differ ent f : that are incident on each etc:l det;sity with respect to core distance is calculated using fheu' ayerage
. endkBy range of AEASS for energles ranging from 100 GeV o 100 TeV which ? I o 2015). So, we ; variation of Cherenkov p hoto ber of showers. This cancels out the effects of any inter showerr,
en@giesuong etho basis of 1 this hadronic interaction mode] combination, v, o, Vithin the typical <f values for the specified numt In our work we will concentrate only on the parameterisation part
Oéﬁergeuce.mams of their egmvalept number of C erenkov yields fo;- boih have Selected thege .j‘ fluctuations that may bgtll:fes: éral features of Cherenkov photon density distributions have -already
30%and 40° (Hasaraps o 20 iton primaries as well as for hoe, inclined at zenjg g ICIdEN | bors brimary ety 8 - o O 1. 2015; Das ctal. 2018). »

been presented in (Hazarika et 8 i Cherenkov photons (pc4) as a function of energy (E) of y-i.
The variation of average gsnsthlmty Oﬁifferent cases viz. different values of distance from ther

0, 1075 m p hmarh; : d iron primaries £ . tion have been plotted in Fig.10-1. It can
arhi | ray, proton and iron prim: altitudes of observatio een p g.70- . 1t ¢
™M and 4279 1, (Hanle - shower axis, incident zenith angleie:::kiv photon density increases with energy for all the primaries.

Y3, Majumdar ¢ i be seen from this figure thaé :;e fhe total number of Cherenkov photons produced is proportional to
This is expected as in an )

; j.e. (Nerling et al. 2006; AJ-Rub-aiee et a}. 2905; Das et al. 2018),.
Some power of the primary ene;gzris-e- the Cherenkov photon density distribution on energy of the

he . tal detector array with each g : !
detectors iﬁetlhn:l;fl-gonisrl:gig £25 detectors In the E-W direction v; Ztescel;;rha.vmg an area of 9 2. ' In view of this we can param o
of detecting 5 large zenigy n W’]th a separation of 20 m, In general this iy d;llon of 25 m ang 25 primary as ST
colncident with the cenre :?%hi T(;e:/ cttvent We Eve considered tha g co‘:tor ?n-ay is capable f on(EF aE° (D)
photons emission angle is ta clector array. Also, Wavelength g S of the EASq are | .
en. The wavelength of the C . cPendency of th '
é(;(‘);)65300m§ range. Hadrons, myops, electronsgt:nd Photossﬂ:;k;\; Tadiation jg considereg tglf,feinkgv dent Cherenkov photon density function, a and & are function
level, the p os(:ngnogzd p Tespectively. For each Photon tha¢ h?; nhto ave threshojq energieg tig where p.4(E) is the ?crg}t' 3;!::; g:' different primaries, E is the en;ergEy otl‘ )th; lfn)fmary.. The solid
. me (with : . € detec ) ‘ ing differen ions, given (1). The y"-minimization
uich size of Cherenko phgn oo <ioec! 12 1 first interaction) g recopq " O the observatior | lincs 1n e olote-in Fig.10-1 represent e e ot for thee fttings (ROOT 201
) as be ’

; Orded. A cho; . | lines in the plots in F
s ice of variah nes in the pl .

0 0.1 (Nelson et al 1985). Since, the choitcle of: € parameter STEPFlg technique available in t

m

Ospheric modejs does )

he ROOT software
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- . : : 4. Conclusions
As is <lear from Fig 10-1, our Parameterisation works very well for the C ] ify

i i i the fitted parameter values
' istributions of y-ray, proton and iron primary,
| Table 10-2, For the energy depgndent ECSI:J (:nnstnb
¥ of Eq.(1) at H=4270 m, 8 =10°and R =50 m.

¥ =
a
Tay. primary shows allmost linear and fagter rate of variation Primary 11,1469 + 249642 0.9220 + 0.0349
proton and iron primaries indicate 2 vemparatively slower ¥ 0.0448 £ 0.0084 1.0638 + 0.0309
al.2018). This is verified by our parameterisation Eq (1), Proton 0.0014 £ 0.0001 - 1.7027 £ 0.0002
Ppacameters in the Eq:(1), the fitted patameters of the ., distributic Iron

‘@safimctionof £ at H=4270 m, 0 =1¢° and R =350m are

‘ . . terise the density of Cherenkov photons in*
‘ We have devglop?gs f;lfmy’ §°‘°n and iron privoacy as'ta]; ﬁmcﬁ%ﬁﬁ%&ﬁ?ﬁﬁ?&%ﬁ &
| EASS o ine thlree pmmnce from the shower core (R), zenith angle

or different values o

i i isation for:~

. . (1). The estimated results of this parameterisa for-

(FD. This parameterisation is represearitfi‘ijffl?e);;? v(ah)xes of R, 8 and H is then compared with the Monte: -
S

| o b o P g ir?negri:]:i?lzethe CORSIKA 6.990 code (I;nflff sfml;ll:tctl:d lg(%?SIII%ﬁegaetr:l ;’}’ci):j '

Carlo sxmul.a_nons obtalllllk ov photons is in good agreement yglt e of energy. This should autopy
lateral density of Chere erisation should be tested over a wider lz}ngd ¥ 'ould oy o surely
future work, the parameterisat of the shower variables \thlCl! inadvertently w ot i 0 better.
f! help us for better reconstruction and primary particle identification. It is z;lsq n(r;po tan e
estimation of the primary eﬂefggﬁon on real data obtained from the atmospheric detectors.
L applicability of this parameters
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sl e o gt e 1 e e iy vl the b P2 (1985) 315¢ ICRC, Lodz, icrc0696 (2009)
ars ; el o -ixed at a particular value, : 0st pan Chitnis et al., Proc. ; 003).
“Parameterisstion Eq. (1) which fje Within the limit of statistica) error (< :ruv);;',e The solid lines FePresents the resyjy of [22] V.R. Chitnis et al stropart. Phys. 18, 333g(:(2) fﬁc)e, Washington, 1962),
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Chapter 11: A REVIEW ON APPLICATION OF UV
SPECTROPHOTOMETRY FOR DETECTION OF FOOD FRAUD
Nilima Gogpi
ﬂqrmrtment:of Physics, Duligjan College, Dzdzajm- 786602
z,

£ mail: milima, 1%

tled atlteration (EMA) or food fraud i become a warld-scaje

- 7problem in the present economy. | oy man

Tobler i namy.lnmﬂermﬁgm&odﬁanﬂ‘ , v i oache

Iadnpted from time to time. The UV Visible mﬁmﬂm bas .

. . 0 - dlalys1s 1s a basi
f@odﬁnm"lhsmethodcanbemsedfg

‘aswel;laa Some complex mixtires Thi

travel through the ial. light i : .
| sample materia) h.gh.t s partially abserbed -, dSpectmm When thege Wavelengthg

the remainjng ligh

Lght is recorded b as ) N . 4 dependent on th . t is [ransmln
oS wavelengih, Y a suitable detector which provides the sample'seasba:;plq Material. The transmi tt:g
TPon spectrym as a function

Beer Law) which relates the reduction of inteBeer'Lambert law (also known

n of th . 4 nsit ‘11 :
on e solution and thg Path Iength of | tY of(; ::ggll:t tg:fsm]g through 3
T Solution [13].

Advances in Physics and Applications

substance, ‘5’ be the optical path length (or cell length) in cm, and ‘¢’ be the concentration of the

attenuating substance, the absorbance ‘4" of light can be expressed as A=a.b.c [13].
The Fig.11-1 shows the basic schematic of a single-beam spectrophotometer. The main

components.of the spectrophotometer are the following [13]:

2.1. Light saurces:

Two s of lights sources may be present in the UV-ﬁsible §pe‘ctroghotometer- (!.) light
sources whicht};l:it light in visible region and (2) light sources-which emit light in the UV region. In
case of the spectrophotometers which: operate in the full UV-Vis region, both the visible light source

"and the UV light source are present. The change from one source:to the other can be made either by a

simple switch, or may take place automatically.

2.2. Monachromators:

; irement of the spectrophotometric measurement is monochromatic (or at
least One ?f ﬂl:lbas;cofgc";:z natic having the narrowest possible bandwidth in the desired
:’:‘S, :appmmmatr 'on)ylight The function of the monochron!aton‘ is to: pmdnce the monochlfpmtic light
needed fc theglmeasmexl;ent. Here, the beam of rays emitted &om.t}ae fight source hmng different
— of h ;e passed through an catrance slit. In order to mal.(et.lns beam parallel, mIrTors or lenses
are placed before or after the slit. The parallel beam 1s thm mmdent on !hq dlspersmg element (a

C pi c c rating) of the monochromator. The incoming radxatloq is deflected by the
gflsm or a diffraction g different angles, depending on the wavelength of the radiation. The deflected
l.nwer.smg clement Ovel: the exit slit. This light which leaves the monochromator is: approximately

ight is passed throug otometer shown im the Fig 11-1 uses a grating based

. d thr spectroph
monochromatic light. The gned that in some light sources (e.¢. mercury vapor lamps), a

monochromator. It should be me:‘t:t
monochromator is not necessary; _
of appropriate filters, the undesired portion 0

the filter.

a narrow wavelengtls region can be obtained by the application
f light having different wavelengths being absorbed by

2.3. Cell and cell holders:
le spectrophotometer are made up of glass or quartz. The cells are

_ Cellsused in the Ur\:-zgilgt Jeast with lids) in erder to avoid the evaporation of the sample
provn.ded with glass stoppe t solvent vapors getting into other areas of the instrument. Cell l}olders
solution as well as to preven lis of various pathlengths; the standard cell used very often being the

. al c;thsof 10 mm. The cell holder 1s designed in. such a way that several
recl:tapgu]ar cc;:l ha;:mgx rg:tin cs‘:l cession. This can be achieved either by shaping the cell housing such
Solutions can be m '

UVSource ~,

Detector
Sample
Compartment

visible Source —») / i ]

-------------------- 4 j

] N ¢——Slits 5

t

‘ Y, z

. o, [}

: ’ Filters !

[}

ter using a grating based monachromator
i ingle-beam spectrophotome
Fig. 11-1. Schematic of a singl
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that a series of cells can be drawn into the path of light in succession, or by having specially shgped
cells (in modern instruments) which can be emptied and washed after use and then filled up with a
new solution without having to remove them from pilace.

2.4. Detectors:

UV-visible region), etc. The phoetocelliis:a vacuum tube with 3 half cylinder-Rke cathode, ithe surface

: i i imomnide :(f i d visib i 620 nm, Teferred to a5
the blue-sensitive cell) or cesivm oxide {(zed-sensitive tayer ffar use'in cage of Wigher ‘wavelengths). An
anode rod is present g the axig of thecathode. When Tlhiminated, ‘the material of layer a

conventional photocell. This is adhieved by using a series of further electroge
coated with cesium antimonide. The electrons emitted by the DPhotocathod
dynode, the secondary electrons emitted from the surface layer of the first dy
second dynode, etc, By using 8 1010 dynodes in series, with i i

2.5. Monitors:

In this section of the; Specirophotometer, the electrical signal obtained at the output of the
detector' 1s amplified electrqmcally. In older instruments, the Photocurrent is Compensated by a Current
(scaled into absqrbance units) generated from a potentiometer. In modem spectrophotometers, direct
absorbance reading can be obtained

ance - ; using digital readout. It is algo possible to get the absorbance
values in printed form if the Instrument be coupled with 3 microcomputer.

-3, Spectrophotometry for detection of food fraud

' / ‘ asic analytica| technique used to
18 section discusses fey applications of this meth ‘ et food

od in the detection of EMA in var
e, etc. During the last two d nany ares

ecades, there have beep many works
pectrophotometry to study food adulteratiop, ¢

The adulteration of olive oj] with other inexpensive and low-qual; 1

. A “quality seed oj} jg a frequent]
reported EMA in the food industry, The UV Visible s ectrophotomet; : Y
Various rescarchers & try Bectrophotometric method has been used by

detect as wel] a5 to quantify the adulteration jn gljye o
Torrecilla uged this method to st olive ;;']e(g\l}énot)hfvzﬁagtigi(l);iz

a use : udy adulterations of extra virgin
grade olive oijl [2]. In his work, he calculated the various chaotic Parameters from, UV-vis scans of

adulterated samples of EVQQ and linear] ‘
Y correlated them with the adulterant cop
large number of adulterated S$amples of EVOQ. Using an externg validation procesg ctel:};rit]ftgijrgz

. ive- il) in the extra
i | and refined olive-pomace oi :
terant (refined olive oi ion, Usi Its from this
onty detected.thguprelsen;;;i: (ll(l: le‘s:timate the adulterant agent concce;réter:ttll;ml;gi:;gs ;:ts‘-:_n the given
virgin olfve oil, but also ible to measure impurities that may ac ingling Jiang et al who
N , 3 by Lingling Jiang et a
work, it also became possible imilar work was reported in 201 i o
’ irgin olive oil. A similar ith principle component analysis (PCA) and partia
sample of extra virgin olive ¢ coupled with principle . ion in olive oil-
proposed the UV spe'cuomet;l:)?:gi;downﬁ;;l method to detect and q“a::ntfy ;i(iléi"ti‘:;?::l)tg 1:}]1: various
least-squares regn g (ltfliae combined method was i t}uglword ssnﬂower oil) and palm oil.
vegelable oil blends 3] table oils (such as corn oil, soybean oil, a'nibl e spectroscopic method for
blends of EVOO, @hers‘;gt:d a comparative study on the use of the vis
Aggelos Philippidis present

i in 2016, also focused on the Raman
his work published in 2 L6, : s e porman
. ion of EVOO [4]. This wo) ion technique. Using samples o
sectron Ofca?nu;:;ﬁl?hiw is another adulieration dzfi‘;tt]izl analysis based on PSLR to show that
spectroscopi ;

il, Philippidis preseated a stat d this method
adulterated with sunflower oil, Pdu]tenlaﬁoi detection limit of 5.5%. :ne fhlzg zzl:l?:rr:t?ve study was
the visible spectroscopy has an a uiring no sample pretreatment. :d on the adulteration of fresh
to be rapid, noninvasive, and req Ozen in the year 2019 which focus hes in combination with

ted by Oguz Uncu and Banll ine different spectroscopic approache: 1 les of varying
gg:j:n oils with old olive ofls bymm::ﬁpy being one of them [5]. Adulteratiinia:lmgith orthogonal
chy \ ometrics, the UV-visible P ﬁhe various spectroscopic approaches Co?res regression (piSR)
ot trat'ions, were analyzed using | is (OPLS-DA) and partial least squh dulterated and non-
;Z;ltcl::]n least square-discrimi j:;i:lzlﬁod could successfultlg g;geflggaiiéc:s:fully predicted the
. Ctros ‘ assification ra P
technigues. The UV spe 90% correct classi ; troscopy as a fast and environment
‘1e with over 9 the UV-vis spec
adulterated oils with ov ed

ul is wotk establish : imultan uantification of adulteration
adulteration levels. Thus; thnsotential ;f;:r both detection and simultaneous q

i i eat p
friendly tool having gr

: ichael Didham et al qsed the UY—Vls spectroscopy
ive oil using old olive oil. Recm;l%led with chemometric af;xal);srl)s[g(;r ]t‘hhz 1;::;;;;:; gt{
of fresh «olweIR (mid infrared) Spemoscogl vegetable oils (canola and sun ow]:)mme(.i s analysis o
as well as M ection of fresh olh‘/cml wi ixtures of various concenuauong o ained us a‘(’julterams
adultm'auol{ det ectra of pure oils and ?;_Vis spectroscopy can detect ax;b ?udato tﬁe p—
lggoéfgsggp rtllr(r)xl)l sill)was established ﬂl‘c;‘()}yjo The results of their study is attribute
’ . , (4 . -
Igresem for adulteration levels abo(;ation of lipids as well a

s the change in the pigment profiles in the
X of the oxi . ,
acids present, products . hod has been also used to study _adulte;at:ion °,‘;,g:2§:1 [)x/vpnflj
PHISImRIES v visible spectzoscopic “roling V. Di Anibal et al o LILIIIY dot o adulterant in
The UV-v1 9, Carolina V. f Sudan II-III-IV dy _

of food products. In the );‘éi;]'ig?,es to study the p :zl?:f:p?ce samples spiked with Sudan dy;:s Lwnth
multivari ification ious comm : i nely the Partial Least
nultivariate classification (CCui rk, various ification techniques nan
::)l:m;:(?rcial spices [7]. I [hc“;u‘zci)cd using three dass,ﬁgzr:t Modelling of Class Analogy (SIMCA)

: en : ., i
varying concemm"onﬁzrl;ssis (P LS—DA)(';S‘Ot&:n iel};mprese et al, in 2013 used the UV-visible
-« criminant Tis
Squares Discriminan (KNN).

id 1 for
1 and mid infrared (MIR) spectroscopy
and the K-Nearest Neighbour frared (NIR) spek ct;f:;?ﬁ%’] In this work, large number of sampios of
rkey -

1 ; . y. th
’ jon with turkey - entrations werc analyzed along Wi
ion of minced beef ad'_’"erau:e meat in different CO;:C combined with PCA, LDA (Linear
detection o adultcrated with turkey re turkey. This work, ctroscopic method as a potential
mchd be:f ure beef as well Sa; gsl:ablished the UV';"‘SIII,)]e Z[;anate molasses syrups. a popular
samples of p: .y and PL inced beef. Pom . Nada El
Serimi lysis), @ ion of min d with date molasses. Na a
Discriminant Ana z’eczion of adu“e',aumflten reported to be adultergte t adulteration of commercial
solution for the d?l ble antioxidant'1s O ectroscopic method to detec led with High Performmre
commercially a\zf?ﬁz used the UV"IV’:S:'SP [9]. UV-Vis spcctrosco;;:); szlélr? Transform ey (ATR.
Darra et al, in - using date molasses (7. Total Reflectance - |
ing ted To : olasses, natura
Pomegrarlllfrlte mg;::;;;s(HPLC) a;ldz:t:sgu:amples Offcom:n :;rc;?nlefe(:]sn;g::m::ia?acidity content,
Liquid C oma to amdlyeE T ont of dif eren eadi ivity) that could signal
FTIR) analysis was :and date syrup II:i(::]g colour intensity, a“"r?dl;f; a:eus\;?c?: of date mola%ses
pomegranate n;:l)laS::;l ocyanins concenll:icess’ﬁl"y detect and quantify the p
ield, a tos
polyphenol yield, d was seen 5. in various kinds of beverages.
adulteration. This r_netho egranate molaSSC§ Sylr:cf used to detect EMA, 1 various k'mds. ?)i riminim
syrups in commercial pggtlroscol’ic melhosd lchSsive Projections Algorithm with Linear Disc ‘
. . c -
The UV-Vis sp led with Su

The UV-Vis spectroscopy couP
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4. Future Prospects and Conclusion

. The issue of €conomically modified adulteration (EMA'f or food fraud has beep increasing in
different areas at an alarming rate. In this direction, the Uy Visible Spectrophotometric method s 3
highly preferred method to detect and quantify the EMA. The

. SPectroscopic meth used i
molecular SPectroscopy, is based on the study of the absorption SPeCtrum of varjgys matz(rii’als. Thl:;

method is successfully used to study EMA in varioys types of food itemns (such as oljve oils, dyes
mince meat, grounded coffee, alcoholic bevgrages, etc.). It can be yseq o analyze food jtems :)f zn ’
nature- Inorganic, organic or some complex mixtures. Such studies prove that the methoq can be e?i,
to study adulteration in 5 wide range of other food items. Moreover, there is 5 Possibility of mf, e
rigorous study to quantify adulteration n various food items by combiningthig method with ot:hr
types of experimenta] techniques (e, &~ polarimetry to measyre optical Totation, chy N

: . . : Omato , etc.).
At the Same time, sych combined €Xperimenta] analysis can also be used to Study vg:l%?.z ﬁ:ﬁ)
Properties of the material under observation, “
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- thesis of NiMn;O4 nanoj nt density of 15.07
N his worgd T epanodnistsﬂ;;psl)i,:aﬁon in l!lethan‘l)\; ﬁlggtgzag;n r:corded at Nuhim0,
cakcination meth 8 earode. The improved lestrocaalyic activity of

s b hi ive sites of Ni and Min species.
of rich binary active si
can be attributed tcz) the pl‘::e:;:omising non-precious anede catalyst for mztizemoi
;04 can

mA cm™ at an onset potenti

This work shows that NiMn
electro-oxidation. .
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Solvothermal method.
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1. Introduction: ) §
.. QOmcern 1or mﬂ&
grading environmental mndl::;?xsaraereex:nvggrrzmm friendly are of great
1 W.
In present times, de ethanol fuel Ce‘fl'u(ell)hg? based on polymer dﬁum?sm
ture ’ its eco-frien
e{npel'aﬁse in market demand*‘duf " :.ost quick refuelling and low
technology and has a great potentil :«:rgy density (5.04 kWAL ). oW 05, a DMFC than that of
" othge); advantages such as h},%h)e However, slower mdarg?oss-over is the major limitation .
opernt rature (60-120 ). 1 cells due to methano development of efficient anode
operating tempe electrolyte fue oing on for the evelopm ion (MOR) in
hydrogen fuelled polymer becn g tics of methanol oxidation reaction (
Therefore, extensive researc kinetics. The cl;;r;irface electrolyte and electrolytic membrane {5,
u'o t4

idation ! Al L
catalyst to enhance the't(,),‘limpro\/ing the electr DMFC, but high cost and CO poisoning make i
DMEC can be increased BY P02 used in | bit enbnced
6]. Platinum electl'Od.es_ tion [7]- TMOs) of AB;O; spinel structure, gxhl})}t eth —anthat
difficult for commerclahz,a. tal oxides (MTMO: li-poisoning activity and stability than

l The mixed transition me hemical reacuivity, anMnF 04, NiCo,0,, NiMn,0, have been
electrocatal;tic performance S“;:l a]?of- example: »Colzlz%’r ond %i-;c;n batteries [10-13). Among the
of individual wmf; nen:ef'isa’ls i;l super capa;;t:f;'igh redox active sites, high electrical conductivity,
used as the electrode m structurally stable,

. is . . . ' ive to platinum
various MTMOs, Nlﬁl:leg;ﬂy more ac“vetglt;]e application of NiMn, O, as an alternative to p
low cost antcl!l eleeet;:;t work, we demonstra-n alkaline media.

In the pr

xidation 1
anode catalyst towards methanol ©

2. Experimental details:

1 ; tories (India)],
2.1. Materials: te [NiCl,.6H;0, 98% Sisco Research Labora (

oride hexahydra Cl,.4H,0, 99%, Merck (India)], oxalic acid {(COOH),.
Nickel (I chiOF " ahydrate [MnCly 4H:O.

manganese (1I) chloride tet
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2H,0, 99%., Fisher Scientific] have been used to prepare NiMn,Qy. Indium Tin Oxide (ITQ)

conductive glasses have been procured fr in India P m
' gl om Macwm y i

2.2. Synthesis of NiMn,O,:

In a typical synthesis process of NiMn,0,, 0.125¢ NiCl, and 0.246g Mn(]

mixgd together with 50 ml ethanol and then stirred for 20 min and named as solution I h;‘}:e begn é'u"st
- ! on L. Then, 0.189

0 - Finally, th
370Cfor3hio produce black coloured NiMn,0, powger uesimxiuﬂ has been annealed thermally at

2.3. Physicochemica] and electrochemical characterizations:

ostatfgalvanostat' (Autolab PGSTAT

: nds) w ee elect .
ts)of?vzlrp.Th(la electrocatalytlc_actwlty towards oxidation of metrhOdanL:)ls;stfms “quipped with NOVA
T{) yele voltammetry (CV) in a solution of 0.5 MNaOH + 0.5 g,mm has been investigated

¢ stability of the catalyst has been checked by chronoamperomepn. (ro) 2 2 5021 rate 50 mVs,

0.5 M NaOH and 0.5 M methanol at a certain voltage for 36005 () in a solution containing

—

3. Results and discussion:

The i : .
it diam;frhg ;n;a(n}ge (Fig. 12-1(2)) of NiMn,0, reveals the formation of gpper;
reaction conditiops, ;0 nmtr.oiNang% nanoparticles have beep SYllthesizeg _sphencal Danoparticles
i control size of the particles, howev, di "M precisely optim;
are . Py s er diam, i Plimzed
Not identical and ljeg within the range from 35 to 40 nm. Ztrzrf‘;-ia" the _synﬂlt?Slzed particles
ng the diameter of 10g rando ml;ri Particle size distribution

I(ESF?g) glr ;E’lh( ;‘)"‘3_33311 plotted by measuri
' - 1s PSD praph reveqls » narrow size distribution of NiMn gsen mapecs 25 shown
24 Nanoparticles with 5

mean diameter of about 37.6 nm,

&
e

25. \
| Mean dizmeger = 376 om
(b)

>
AR
2
<
= L
s
Z 10-
2
==

5.

— _ 35 36
; 37
Fig. 12-1 {a) TEM micrg . 39
. Eraph i ; i i “
PAs of NiMn,0, and (b) histogram of particle sfze§?$3 iameter (am)
rbution of Nimin g
2Y% Nanoparticles

5145 nm argon ion laser. The.
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_ e

Raman spectroscopy is a widely used tool to
analyse the structural properties such as defects and ..
disorders present in the materials. The Raman s?efcflra e
of NiMn,O, in Fig. 12-2 displays three bands: first
band at 625 cm’ is attributed to Ay active mode
related to asymmetric Mn-O stretching v1braHo.n
mode of MnQg unit, the second band at 562 cm’” 18

\ op
assigned to F,, mode and the thlId_PC‘ﬂf at 512 ‘:1': l':;
ascribed to Ni-O stretching vibration mo

NiMn,0, [16, 17]. ' o
;xg shown in Fig. 12-3(a), T'thvInk;SO;r1 {?;)jcllllf'lﬁ:

ibi ir of redox pea '
electrode exhibits a pair 0 re6 Vlf g .

range from -0.24 V to +0.3
Oarlilgginates from the charge transfer processes through

= . 24+ 3+ alld Ni3+/Ni2+ in
solid state redox pairs of Mn”/Mn :
the NfMi&, Thep redox peaks appear due to following reac

0 — NiOOH + 2MnOOH + e~(1)
ibit hi idati at less onset potentials.
bit high oxidation peak cm‘rmﬂ.:l at o
tI;();l)ne]Iectrc%de exhibits a current demsity of 15.07 mA cm™ at an

Intensity (a.u.)

500 550 600 650 700 750 800
Raman shift (cm'l)
Fig. 12-2. Raman spectrum of NiMn,0,

tions [18]:

NiMn,0, + OH™ + H;

A good anode cata]ysl mus
NiMn,0, modified indium tn oxide (

(b)

In presence of methanol

‘ (@
In absence of methanel

iy
bt

e
(=]
N

L5
2

4

Current density (mAcm?)

02 01 0.0 04 02 03 04

Current density (mAcm ™
(=Y

A4 .
T 4
02 04 00 01 o.zA 2]3) 0 Potential (V vs. Ag/AgCl)
Potential (V ‘;;&gdleage ctrode (a) in absence and (b) in presence of 0.5 M methanol
Fig. 12-3. CV curves of NiMn20s ‘:t 2 scan rate 50 mV/s.

solution containing 0.5 M NaOH

io. 12-3(b)).
onset potential of 0.26 V it 0.5 M MeOH (Fig 2

. 250
NIOOH + CH; O + 12572 7 OH)s +200; + 3H,009)

-2
2MnOOH + 2CH;0H + 2.502
-1 i idati Eg. 1) and then the
) dized to higher oxidation states (Eq
Initially, Ni and Mn in Nmo".ggeo;jethanol molecules and- finally reduced bagk to lov&_fer
higher oxidatior; states of NI and Mne;)'(lto NiOOH and MnOOH? Whnch act as electroactive species
oxidation states. NiMn2Os is convert ,“:] of methanol moleculf':s initiates through Lhe_cl_eavagc of C-
- mctl:)al:lol oxi;iatiOH [19]. The ?ﬂdg:gocarbonace"“s intermediates, which further oxidize to carbon
then forming _
gj anfl C-I-fibonld: and . has been studied by th; c_hronoamperometnc (CA)
oxide ?‘}, wa tsz 11 ity of electrocatalysbonaceous products during oxidation of methanol molecules
. ef:l tss The generation of the :;rrent decay within first fgw seconds am'd then c;fu‘re::n(ti becomes
causes oisoni'ng and thus the Sudd:l‘l‘ he electrodes [20]. From Fig. 12-4_, the values o -Sfa ly currf—:m_
unifomI: throughout the period for'dation and current retention factor have been found to be 5 mA cm
ol oxi
density after 100 s of metha
* and 24%, respectively-



4. Conclusion:

In this work, NiMn,0, nanoparticles have 2
been synthesized by solvothermal method and the g
electrocatalytic performance of the synthesized 2 '
nanoparticles has been investigated towards methanol  F ] -
oxidation. The successful formation of the particles 3 L
has been confirmed by TEM microscopy and Raman g M
Spectroscopy. An oxidation current density of 15.07 H]
mA cm” at an onset potential of 026 V has been ©
exhibited by NiMn,O, catalyst in 0.5 M methanol
solution. The main role of redox active species i
Mn*/Mn** and Ni*/Ni™) present in NiMn,O,  modified 1T electrode with 0.5 M methanol
nanoparticles in methanol  oxidation has been  containingin 0.5 M Nao,
discussed by a given mechanism. The above results

exhibits good electrocatalytic activity towards methano) oxidation.

[
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Abstract

Based on first principle calculations n Fe doped ZnO. The ferromagnetic coupling

ism i ) '
origin of room temperature ferromagnett ferromagnetism of ZnO are studied. The p-d

the ; iSm at
and the contribution of Fe-d states on d O-p states is responsible for the ferromagnetism a

. i anced short range
ion in ZnO, whereas at the higher °°“°e““a"°fg’r:2§,:$eﬁm The DOS
lower Fe concentration ia 2t tween Fe ions domuinates over[h hybridization at the fermi
antiferromagnetic coupling be tate predominantly contributes T;e t}(;tal energy calculations
results depicts that the Fe-dug Sin the Fe doped ZnO ?YSt?mﬂ'l svstem
level resulting the magﬁegs::nge ferromagnetic coupling in the sy: ' '
reveal the existence of sho erromagnetism, Density of states

L 1s, Fi
Keywords- Diluted magnetic semiconducto

1. Introduction iconductors (DMS) have been discerning materials
magnetic semjcontheir remarkable spin polarized property [1, 2].
devices due tode ices such as magnetic storages and sensors,
trz:ll“(;l’e ‘I,VIn Ni, Co. etc.) doped DMSs I3('15]°, Do;;n;ﬁ
'y ] > . . n
s voke magnetc suling by indeing i
of transition metal elements int% Among all DMSs, i?ncznlzfri:ndly nature also a suitable
polarization in those materials [6, 7)- undance and envém It is essential to recognize the physical
spintronics application due to 1S pand gap 3.3 €V 8 ] both fundamental and technological
optoel i pmaterial with a wide in these mate_nals fronll with high curie temperature, it is
mif;ﬁf;?fesponsmle for the f!e{rTr‘iII;ldagneﬁc uansitIOI: r::mettra;)duce ferromagnetism into it (10, 11].
i ing a superior in ZnO in order t0 ibutes the RTFM in Fe doped ZnO.
lc);gse?l?::tv tt:(’) ll?s?;?ge as a doping ag;:l: ::,ﬁlled d states ";ef_‘g;ogg?: :oped ZnO and performed spin
i ions between etic properties. hanisms responsible
The exc}lln?ntﬁ? n:;:?r(;"vge have studléi:?lt} :;:gr]:)ach to mvest; gagte tt‘(})lren?:ttil:ﬂ emn:(r:g;nand the magnetic
15 ) ing G ic coupling, _
. using magnetc of ZnO.
Polarized DFT calculations ZnO. The te on the ferromagnetism
for the origin of RTFM %iﬁﬁ?ﬁ the effect of Fe-d sta
Moment are calculated an

In the recent years, D i.lu;c:nic
With greater applications in stnanm of spin
In order to enhance the pel:fo on transition o
researchers have been focusing e DMS mat

ﬁonal detailS
- Expel‘imellfal and Compet? >sized by chemical co-precipitation metho(cjl ;::25
By varying the O %, 3% 5%, 1% and 10%
hitrate [Fe (N03)3-9HzO]anagpi?Pa;::s at do%?ﬁ:g::;:;;?gﬁnemzed augmenteﬁ ;jlan;e::;;e P:;njr:(?zjl
Prepared Fe doped Z“_O n are execﬂtled by ted in the Wien2k packgge GGA+U) o ke
b DFTLCA&II) i;lazors) metho” lmpﬂl‘zl:;ss with the Fubbard cOrmiug‘;s(used for self-consistence
orbital (FP- proxi _

K
ient @ e cut off of RKuax cd 10i " We have
Cmzerhof generalized glra s;? [lg’ 14] Aoplia:fegaa;re used the sampling of brillouin zone
€xchange correlation POtefi %) 0, 10x10 k-

Method and 1000 k-points Wi

. f Fe-d
Nanoparticles 0
inc acetate [Zn (CH:COOH)2

71

using GGA+U approach, we have studied the
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72 , . o :
: energy i Zn0 system and
) - — y
" . ! | able difference in ferroma
constructed a 2x2x2 : ’ | | | ——

i I.. rgies - -
calculations, the corresy £ nene Energy | Formation | Magnetic
l Fe-Fe difference | energy | moment

3. Results and discussi ' . Exrm(eY)

ults and dis on ' f Confi guration separation Emm (eV) (AE) (eV) (eV) (Bs)
Fig. 13-I(a) displays the refined x-ray diffraction speetrum of 1% Fe doped ZnQO : ’ @ 2| -46379.8962 | -21.0 -1.01 2.98

nanoparticles which demonstrates the formation of hexagomal Wurtzite Structure off Znf) with | I 226 ~46,379.875 ’ -1.03 3.95

crystallite size of ~38nm, No additional peaks for secondary or mixed: phases are detected in the XRD ' 48,672.8562 | —48,672.8263 29.9 .

Spectra which signify the phase purity of the samples [4}. We didn’t o € any appreciable I 2.89 et -0.95 3.79

difference in XRD spectra at other perceniages of Fe, and therefore those spectra are: nat; displayed. —49 784.2864 | —49,784.2596 268

The variation of magnetization with Tespect to applied magnetic field for Fe doped Zn® naneparticies m 3.54 ~ 63 204 -0.85 3.65

recorded at room temperature are depicted in fig. 13-1(b). All the samples show $; ) i ~50,721.7965 | —50,721.77

loop with ordered magnetic structure. It is that at 1%-7% dapirg percentage of Fe, the M.} v 421 T

curves show decent ferromagnetic Propetties with the values Saturation magnetizatiom between

0.0633 emu/. %

formation energy demonstrate the greater stability of the
. the forma
of ick the p-states of O gives rise to resyl

| ive values of the . .
2tk magnctization to Zn0. Subscquently the negative v d expenmenm"yd[ 222& ZnO system for spin up and sp? (1170‘.?
f states Fe ?fte the valence band is occupied by the Fe-d,

d by some Zn-d and O-p states.

ior can be attributed to the imteraction ] System and can be easily manufacture
between the smaller magnetic dipoles located op the surface o o

, . : density o Z
f the nanocrystals ang e nearest f The spin polarized total -2. In the spinup s
neighbors. Accordingly, the exchange energy in-those magnetic dj i

. icted in Fig. 13 is occupie : ller
5 configurations are depicted in Fig tion band is © 0.78¢V that is much sma
| Znd and O-p states, while thed:;?:;cnawe with bund gt?llr)la?xfm of DFT [22]. In contrast, for
g Consequently, it shows semicon due to band gap underes displaying a significant hybridization
N - compared to the bulk ZnO (3-493‘21&1 by Fe-d and O-p St:;t;'smetallic character of doped ZnO with
57 aad & spin down state, the fermi 1e;el ;fat:as which portrays the b
g = ! ? between .Fe~3d states ang_?.oi 41;. I
g ™ 'y 100% spin polarization [23, T e —
£. § oo wl .
E = . i _ s — | :
o . ; : 008 b 1a - : 12 :
m:- ﬁh“ N i gt :-.,1. 12 %* 0 Spin down
' : . ; o s g g
p-} 20 -] ® 18000 ﬁ § 6
20(degrec) . Mgmetic e o) g °
. K 4
Fig.13-1, {a) XrRD spectrum of Fe:Zno (1%) (b) Room temperature M-H curves of Fe doped : g °
1% (A), 3% (B), 5% (C), 7% (D) and 109 (E) doping percentage . * €oped 200 nanoparticies at 2 o 2
. °0~0 8 € 4 =2
dipoles to be oriented in the same direction, Due to the higher surf,, . ‘ 2 ‘ Encrgy (V) ,

. .. . . CC 10 volume t LA . in down configurations
nanocrystals, the population of magnetic dipoles oriented in the same direction wij) incixe l:t ttll:z BT P 05) of Fe doped ZnO for spin up and spin cow fization. the
surface. Subsequently, the total magnetic dipoles oriented along the same direction wi]| increase ized total density of states (T that takes part into the hybﬂdlzit'mfl‘;lled
whlf:h results the crystal surface to become more magnetically oriented [16]). However when th Fig. 13-2. Spin polariz (e level of Fe-d stateIt is observed that the fermi level is .
doping percentage of Fe i increased to 10%, the antifersg i >, wen the identify the degenexa® =/ bl 3.3, In the spin up configuration,

; ’ magnetic super exchange Interaction In order to identify illustrated n of eg level.
between the Fe atoms dominates overall ferromagnetlc nature of the samples [17 18]. Prash K om 18
Sharma et al.,, [16] observed similar ferromagnetic behavior i i . ant

rmi level. Whereas, in the spin down

. ibutio
Projected DOS for single Fe at state without any cont!

V from Fern it can be established
or n Fe doped ZnQ nano, te level of Fe-d hich is at -2.5¢ ermi level. Thus, i ; tat
dow:::l ;orgentranon of Fe. Similar type of variations was algo observed by several c{f\::)cr!lfesrsf(;;tll;: Eﬁﬁffﬁ{ﬁfrﬁaﬁe 4 energy states/t;\’s:t:‘t’e SV exac:]ly ;Edthlfyg ridization process for spin down state
Oped ZnO nanoparticles (17,19, 20 21). 8= tates have in to the

7, 19,20, . . Configuration, Fe-dta, stat akes part tem [25].

In order t determine the magnetic stability and ferromagnetic coupling of Fe doped ZnO that ?’Q’fdtzg state predom“““‘.1tly itn Fe doped ZnO sYS

sy;;em, the foqnatlon energy and the total energy difference between ferromagnetic (EF d resulting pin polarized behaviour

a!ntnfer;omagneuc (EAFM) [EAFM - EFM] states have been calculated a5 displayed in table 13-1 It:n ied
clear from the ftable (hy all the configurations POssess  ferromagpetic couplin . thlS 4. Conclusions: ' RTFM in Fe doped ZnO and studie
conﬁguratlon.l The configuration [ demonstrates ground state a4 antiferromg cti g cxcep t. e . ated the origin of of the system. We observed RTFM
agreement with the Xperimental regylts. When the separation between Fe _gnl IC state which is jn vestiga lectronic Structures

antiferromagnetic coupling dominates, a5 observed in the M-H curv, 1S less, the short

. ve in
In conclusion, we :Znisms and the € hee interac
ferromagnetic coupling mec the p-d exchang demons
ion of Fe to calculauons
o ‘ at lower concentrati total energy
em exhibits shor ray e delocalized carriers. The

ions between localized d spins and free
o trate the existence of short range
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Fig. 13-3. Spin polarized density of states (PDOS) Fe-d eg and t,; degenerate states for spin up and spin down
configurations :

] 2 4 ]

ferromagnetic coupling for Fe-Fe separation of 2.89 A with a magnetic moment of 3.95 pg. Whereas
for high concentration of Fe (10%) and Fe-Fe separation 2.26A, the system shows antiferromagnetic
coupling which dominates the ferromagnetism. The electronic structure calculations show half
metallic character of ZnO:Fe with the filled fermi level in spin down configuration by t,, degenerate
level of Fe-d state that contributes the p-d hybridization process. From the formation' encrgy

calculations, we can conclude that Fe doped ZnO can be experimentally manufactured very easily and
can be utilized in spintronic devices.
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