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CHAPTER 1 INTRODUCTION

Chapter No l.

Introduction

t.1 Nanotechnology:

Nanotcchnology rs lhrnk through to be thc first lmportant rntematronal research rntroducton of
the 21"'century [1] Nanotcchnology rs formed from nvo .rvords 'Nano ' and ,.Tcchnology" rvhcre

prelix "Nano" came from a Greek word 'dwarf' whrch mezLns a nanometcr rs l0 e of a meter a

drstance equal to t\ro to twenty atoms or about 10 water molecules or cqual to the 6 carbon

atoms uldth [2] Nanotechnology ls the lnvent,on and use of appLed structures destgned from

atomrc or molccular scalc wrth at lcast one dlstlnchve dlmcrston measured rn nanomcteas Therr

slze countenances them to show ncw and protrudtng lmproved chemtcal, physlcal and btologtcal

propenrcs. processes and occurrences becausc of therr srze Srgnrficant changcs rn performance

arc affected not only by constant varlatlon of features wlth drmrnrshrng srzc. but also by thc

cppearance oftotally new phenomena such as quantum confincment A usual cxample ofuhrch

rs that thc color o[ llght emtftlng from sem,conductor nanopa(tclcs hlnge on on thetr slzes

"Nenotcchnolog/ cen bc wcll-dcfincd as thc sclencc and cnginccnng

conrolutcd in thc dcsign, synth.sis, ch.rectcrization .nd .pplicrtion of meterials and

dcvlccs whosc smrllcst functionrl group in et lcast onG dimcnsion (l-D) is on thc nanomctcr

scalc l0_eof r m.tcr."

Or

('Nanotcchnology crn bc dcm.rc.tcd as tcshfyrng to m.tcri.ls end syltcms with

structurcs and componcnts prcscnting diffcrcnt and consrdcrably thprovcd phystcal,

chcmical rnd brologic.l propcrtics, as wcll rs to thc phenomcna:rnd proccdurcs cnrblcd by

thc rbility to control thc ]natcnel propcrties on thc Neno-sc.lc sizc."

0r

Neno tcchnology is thc subdivision of tcchnology th2t dcrls with sizcs rnd tolcranc.s of lcss

than 100 nanomctrcs, perttcuhrly thc opcration oftndividuel rtoms and molcculcs.
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Thcrcforc Nano tcchnoloB/ rs rcflcctcd as a ncw fo(hcommg tehnology whch lcad new scopcs

to sclcncc and Echnologt Thrs ncw ficld has widcsprcad collcction of appltcatlons and ll upsets

thc drfferEnt ficlds of tcchnologi such as pharmacy, scientrfic tools, biot6hnology, lndustnal

manufecrunng proccsscg dvanccd matcnds, clcctronics [3]

1.2 Nuo Scelc:

Thc narnc Nano mcans'Dwrrf"- Nanoscalc rtfcrs to thc I0'e powcr, or onc btlhonth of a mcter

In thesa tcrms it dcnotcs to a mctcr, or a Nano hctcr, whrch ls on thc scalc ofatomlc dlamctcrs

Er.Dplc:

Somc ofthc examplcs ofnanoscde are

sh.ct ofpapcr is about 100,000 nm thick

Humar hair mcrsurcs roughly 50,000 to 100,000 nm in drameter

Frngcmails grow I nm cYery sccond

A rtd blffd ccll rs of5000 nm

Averagc siz. ofa gcrm rs 100 nm.

Onc inch cquds 25 4 mrlhon nanometcrs

s
I;r.
T

3

aI.
a - {. tF

I

* I
r{
il
;;

O,*.g
a"_==.=--.Y.-'------*bffil_-

'{tjllE 
4+ L

\J

Figurt l.l: Thrngs compaEd wrth nanoscalc
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1.2.1 Background of Nanotcchnologr: Thcorctical Roots:

Confernng to R D Bookcr rt rs prcny hard to refer to thc hlstory o f n anotcch nologl becausc of

r!!o marn reasons "Uncarlarnty of thc tcrm nanotcchnology end Improbability of tha timc

pcriod .n.logous to thc ..rly strg.s of n.nolcchnology growth"

But though. the marn awarcncss of nanotechnology was gtvcn by

Rrchard Fe)nman

Norro Tanrguchr

K Errc Dretler

1.2.1.1 Richard Fcynmen: Thcrcrs Plcnty OfRoom At Thc Bottom (1959):

The deflvatlon of nanotechnology was rnrtrated wrth thc spcech ofphlsrctst Rtchard Fcynman rn

Deccmbcr 1959 In hrs wcll-known speech "There's Plenly of Room at the Bottom" at an

Amcflcan Physrcal Socrety confcrcncc at lhe Cahfomra lnstitr.rtc ofTechnology hc sard that,

"I ne.d to build a billion tiny industrirl unit, rcplrcas of cech oth.r, whlch .rc

m.nufactunng instant.ncously. . . Thc idcologics of physrcs, rs frr as I crn sce, do not

cxprcss rn conlrrdiclion of thc possibrlity of rcv.rsing things rtom by atom. It $ not rn

cffort to cncrorch upon any lsws; it rs rathar, in prrnciplc, thal can bc donc; but tn run-

through, it h.s not bccn donc bcc.us. wc lrc too big". - (Rrchard Feynman. Nobcl Pnzc

wlnncr rn physrcs)

In hrs communrcatron he recommcndcd thc powcr and perceptton o[ nanotcchnology He

suggested that the obstructron of knowlcdgc and rcchnology at whrch pcople should be drrectrng

could exrst nol only rn physrcs but also rn other Nano-srzed ficlds

1.2.2.2 Norio Ten iguchi (1974):

Thc $ord "nanotcchnolog)" was castoff for the first llme ln 1971 b) Norro Tanlguchr at

Unrvcrsrty of Tokyo rn an Intcmatronal Conference on Precrsron Engrnccnng (ICPE) In rvhrch

he uscd r! to aspect lo the cxccllencc to englnccr matcflals rntenslvely at the Nano scalc level

Thc Europcan Socrcry for Prccrsron Engrncenng and Nanot€chnology prcscntcd Profcssor TanrSuchr {rth lts

lsr Lrfclrmc Achrcvcmcnr Award rn Brcmcn. Ma! 1999
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1.2.23 Eric Drcrlcr: "Molccuhr Mrnuficturing,"(1 981 ):
In the 1980s, Enc Drexlcr authorcd the momcntorls book on Nano rcchnologr "Engmcs of

Crcarron" (Drcxler 1986), rn whrch hc prescntcd thc rdca of molccular cngineenng ln 1981,

Drcxlcr put out hrs firsl articlc on thc subjcct rn thc slgnlficant sclcntific loumal Proceedrngs of

thc Natrond Academy of Scrcnccs Titled "MolacEbr cngrnacrirlg: AD approrch to th.

dcvclopncnt of gcncnl crprbilitics for mol..oLr n.oipul.tioD."

Fi$rl l2: Dis.ovcrrrs of Nrno t.rhnolos/

Othcr Scicntist's Rolc to Nrtrotechtrolo5/:

FiguElS: DilTcrcnt scicbtisi's conaribution to o.oot..hnolo$/
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ln rnrtral 1980s Nanotcchnology and Nano scrcncc bccame so much progressrve lrrth two kc\

developmcnts

The brrth ofcluster scrcncc

The rnvcntlon ofthc scannrng tunnelrng mrcroscopc (STM)

T.blc l.l: Import.nt succ.ss.s rn fi.ld of nrnotcchnology

I.3 Tungsten Trioxide (WO3)

In the recent 1,ears marnly duc to the drstrnchvc propcrtres of basrc elements that are brought

about bl alterrng thcrr atomlc and molecular propertrcs nanopartrclc rcscarch had developed

raprdl) By advantaSe ofthcse propenrcs. many apphcatlons of nanopartrclcs havc found rn the

Sclentist nrma

Invcnlron of scannrng tunnclrng

mrcroscope (STM).
Ccrd Brnnrg and Hcrnflch Rohrer

1982 I Roscnbcrg

Systematrcally examrnc the nanoscale

structures and the dcvclopments of

nanoscalc !cchnologres

Drscovcred [ullcrenes uhrch are also

called Bucky balls
Hanv Kroto

Atomlc forcc mrcroscopeCalvrn Qua! and Chflstoph Cerber

The first academrc nanotechnolog)

Joumal was pubhshcd

drscovered carbon nanotubcsSumro llrma

Frrsl Fevnman Pnze was a\\ardcdfelnman

Prcsrdent Brll Cllnton announccd the

U S Natronal Nanotcchnology Inrtratrve

(NN I)



CHAPTER 1 INTRODUCTION

field ofbromedrcrne, cosmctrcs, electronrcs, coatlngs and plastrcs. etc Here wc dcals wrth thc

propertres and applrcatlons of tungsten oxldc nanopanrclcs

TunSstcn tdoxrde or tungstrc anhydfldc symbollzcd as WOl ls a chcmlcal compound that

contaln oxygen and thc lransrtron mctal tungsten It rs found as an lntermedrar) rn the recovcr)

of tungslen from rts raw matcflals [4] It occurs naturally ln form of hydratcs

Lle Tungstrte (WO] HrO). Meymacrte (WOr 2HrO) and Hydro Tungstrte ( HrWOr) Nano

po\\ders or ncnopartlcles are obtarnable rn thc form of Nano flurds or laceled hrgh surface arca

o\rde pa(rcles rcvealrng magnetrsm Further forms rn whrch thesc pa(lclcs arc cxrstlng are

drspersed. transparent, hrgh punty and coated forms

1.3. I Chemical Propertics

The chemrcal propcrtles oftungsten oxrde are Lsted below rn the followlng table

Mol.cul.r Formuh wo,

Mol.cuhr W.ight 231.E3t2 e/mol

Errci Mrss 231.915575 p/mol

Monor!oroprc Mrss 231.915675 B/mol

Compl.xiry ll6l.t

Trblc 1.2: Chcmicrl propcrtics oftungstcn trioxidc.

1.3. I Physicel Propcrtics:

Tungstcn tnoxrde nanopartrclcs appcars ln thc ycllowrsh color powdcr havrng approxrmatel)

sphcflcal morphology The crystal arrangcmcnt of tungstcn tflo\rde rs tcmpcraturc depcndcnt

Thrs rs letragonal al temperatures above 740'C, onhorhomblc from ll0 to

740'C, monoclrnrc from l7 to 330oC, and trrchnrc from -50 to l7"C Thc most collcctrvc

assembly of WOr rs monoclrnrc The table grvcn below affords thc physrcal propertres of

tungstcn tno\rde
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7.16 Clcm

231.8,1 g/hol

Cenery ycllow powdcr

lnsolublc

Slightly solublc in HF

Mohr Mrss

Appcarancc

Solubility in wrtcr

Solubility

Teblc 1.3: Physicel propcrties of tungslcn lrio\idc.

1.3. 2 Thermal Propcrtics:

The thcrmal prope(res oflungsten tnoxrde nanopaftrclcs arc grven below

Tablc l..l: Th.rmal propcrt16 oftungstcn trio!rd..

1.3.3 Uscs of Tungstcn Trioxide:

Tungslen tflo\rdc rs castoff for many purposes rn darly lrle Il rs commonly uscd rn rndusto'lo

manufaclurc tungstate for x.ray screen phosphors, lor fireproofing fabrrcs [5]. and rn g:rs scnsors

[6] Duc to rts flch ycllow color, WOI rs also uscd as a prgmcnt rn ccramrcs and parnts l ]

In rcccnt !cars, tunBstcn tnoxldc has bccn cmplo)cd ln thc productron ofclcctro

chromrc*rndo*s, or smart wlndows These *rndo*s are electncally swltchablc glass that

change lrght lransmrssron propcrtres wrth an applred voltage [7, 8] Thrs allo$s the uscr to trnt

thcrr wrndotrs, changrng thc amount ofhcat or lrght passrng through

roperlrcs Mctnc

1,173 oCMclting Poinl

Borhng Point
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1.4 Copper:

Coppcr rs a chemrcal clcmcnt wlth symbol Cu Its atomrc number rs 29 and rs a flcrrble metal

$rth vcr) hrgh thermal and elcctncal conductrvtty Coppcr bclongs to group Il ofthe perrodrc

lable. and lt can share cenatn chaiactcnstlcs h has one s-orbrtal elcctron on top of a filled d,

electron shell and rs dcscnbed by htgh ducnlrty and clcctflcal conductlvlty The occupred d-

shells rn these clcmcnts don't donate much to thc tntcratomtc lnteracttons. whrch are domrnaled

b) thc s.electrons through mctalltc bonds Unlrkc rn mctals wrth rncomplctc d-shclls, mctallrc

bonds rn copper are lackrng a covalcnt charactcr and are relattvcly \\cak [9]

1.4. I Physical propcrties of Copper:

Uncontamrnated coppcr ls soft and flc\rblc It has a freshly erposed surface havrng reddrsh-

orarge color At the macroscoplc scalc, prescncc ofprolonged ,mpcrfcctrons to thc crlstal

lattrcc. such ,!s grarn boundafles, obstructs drrfl of the matcflal

under smcarcd strcss, thus rncrcasrng rts hardncss Thrs ls thc reason thar copper ls usuall)

supplrcd rn a fine-grarned poly crystalhne form, *hlch has morc strength than monocryslallrnc

forms | 01

1.4. 2 Chcmical Properties of Coppcr;

Coppcr does nor counter \\tth water but rt does graduall) retort wlth atmospheflc o\)gcn to malc

a laycr of brown-black coppcr oxlde whlch. drssrmrlar the rust lvhrch forms when rron rs vrsrblc

to morsr alr. protects lhe pflmary coppcr from more wrdesprcad orrdrzatron A grccn la)cr

ofcofiosron (coppcr carbonarc) can rcgularly bc sccn on dccp-rooted copper constructrons such

as thc Statue of Lrbcrty Copper dlscolors rtsclfwhcn cxposcd tosulfides. \.!hrch acl rn rcsponse

\\rlh lt (o form numerous coppcr sulfides I ll

1.4. 3 Applications:

Thc marn utrlu2tron ofcoppcr rs rn clcctslcal wrcs r c 600,6. nlng and drl'n4c systcm t c 200" and rndusrflal

machrncD rc l5oo Coppcr rs gcn€nlly castofT e! an uncont.mrnal€d mctal, hoqcver whcn a adlanced

strflncss rs compulsory rr rs pool€d wrth funhcr clcmcnls ro mekc rn alto] such as brass and bronzc ! 21 A

lrttlc prn ofcoppcr emount rs us.d rn menufaciurc ofcompounds for nounshrng appcndagcs and fungrcrdcs rn
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agrculturrl scrcncc [ 3,l4] N.lachrnrng of coppcr rs poss'blc, alrhough rr rs usually n€ccssary io usc an alto\

for rntflc2tc pans to g€l good machh.brlrty chzraci€rrstrcs

In hqurds Coppcr compounds arc casroff as a wood anr,bactcflel, mrlnly rn Brvrng novcl ponron ofstruclurcs

durng.cncwal ofdarn2gc d{rc todry ror Tc\t,lc strrngs usc coppcr ro crcate antrmrcrobrat protccrrv€ tabncs

I I 5, I 6 ] 1s do ce.arn rc ghz.s. starncd glass and musrcal rnsrrumcnts Elcctroplan ng com mon ly uscs coppcr 2s

a basc for othcr mcrals such as nrclcl

Coppcr rs used rn crchrnS, cnSrevrng as thc pnnnng plelc Coppcr or,de .nd ctbonatc rs uscd

rn glassmr-[.rng and rn clay pernts to drvulgc gr€cn rnd bro\In colors

1.5 Nitrogen:

Nrtrogen rs a nonmetal whose elcctroncgahvtt) rs 3 04 [17] Thcrc arc 5 elcctrons tn tts

oulcrmostshell and ls, hcncc, tflvalcnt tn most compounds The trrplc bond ln molecular

nrtrogen (N2) rs one ofthcsoldest Thc subscquent rrouble oftransformauon of N2 tnro othcr

compounds. and thc caslness and rclarcd hrgh cnergy rclcasc ofchangtng nlrrogen compounds

lnto clcmcnlal N2. have srjbyugatcd the role ol nrtrogen tn both cnvtronment and human cosl-

effcctrve accompllshments

1.5.1 Propcrties of Nitrogcn:
Molccular nrtrogcn reduces (tum to ltqutd) 2ar 77 K ( 19579'C)andfreezcsar63K(-21001

"C) u8l. rnto the bcta hcragonal closc'packcd crystal allotroplc form Lower lrom 35 4 K

(-2376 "C) nrtrogen shows the cubrc crystal allotroprc form also known asthe alpha phase

I9] Lrqurd nrtrogcn. a hqurd closer to water tn look, bul wtth 80 8% ofthe densrt) Thc dcnsrl)

of |qurd nrtrogen at rts borhng pornt rs 0 808 g/ml, rs a common cryogcn [20]

Unbalanced allotropes of nrtrogcn contarnrng more than lwo atoms ol nrtrogen have

bccn formed rn the laboratory, lrkc N3 and N4 [21 ] Undcr lcry hrgh pressures ( I I mtllron arm)

and hrgh lemperaturcs (2000 K). as formed usrng a dramond anvll cell nttrogen polymerrzes rnlo

thc slngle-bondcd cubrc tastelcss crystal structure Tlte structurc rssrmrlarto that of dtamond.

and bolh have tremendously strong covalcnt bondtng N4 rs callcd "ntlrogen

dramond" [22] Other as ]et not produccd allolropcs rnclude he\azrne N6 (a benlenc

analog) [23] and octaazacubanc N8 (a cubanc analog) [24] The prcvrous rs antrcrpated to
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be exlrcmely unstablc. whrlc thc final rs prophcslcd to be klnetlcally stable. for motrvcs oforbrtal

symmetry [25]

1.5.2 Applications of Nitrogcn:

Nrtrogen ls castoff ln hrgh Rcynolds number wrnd tunncls. heat trcatlng furnaces and autoclaves

ro hclp crcatc unbclrevably resrlrent but Lghtwcrght matenals Nttrogcn ls also uscd as a succor

gcs for lascr cutlrng applrcatrons lt rs also utrlrzed as a prcssurrzrng gas It can help propel

llqurds o',cr prpelrnes lt rs also castoff to shreld oxygcn-sensrtrvc malertals lrom the arr and to

clrmrnatc volalrle organrc chcmrcals from proccss strcams Asscmbly plants. use nltrogen ln

grouprng wrth other bondrng gascs to weld auto pa(s. fmmcs. mufTlers and othcr mechanlsms

because of rts capabllrty to provrde the essentral atmosphcrc needed to Produce satlsfaclor\

welds wrth any matenal It's also a srgnrllcant safety constttucnt ln alrbags

Nrtrogen rs also used as an rncrt rndustrral gas lt rs uscd as a covcrlng agcnt to scparatc comple\

producls and dcvclopmenls from arr lt ls also used as an cradtcatlon agent ln plptng and

apparatus to prcvenl contagron

Nrtrogcn rs an rmponant cryogenrc agent rn coolrng. chrlhng and food freezrng Duc to tls

rremcndousl) cold temperaturcs, absorptron freeztng ln ltquld nltrogcn ls the fastesl freczlng

mcthod known for producrng (lQF) foods It also plays a key role rn tumblrng sporlagc.

drscoloratlon and off-flavors. grvrng asset to tradc wrapprng

A transponcr and removal gas ln stecl manufacture, nltrogen rs used lo stop o\rdatron and ls an

rmponant componcnt ln thc heat-trcatrng proccdurc Thc oll and natural gas lndustry utlllzcs

nrtrogen to upsurge tank rcservcs and brcakagc hydrocarbon-bcarrng dcvelopments lo

c\pressrvely rncrcasc thc manulacture of otl and 8as. and to rccover operatlnS effectlveness

Nrtrogen rs rec)clcd as a rcmoval gas tn stalnlcss stcel tubc weldrng lt ls also used as a succor

gas for lascr cuttrng. and enhances plasma cuttrng

1.6 Photo catalysis:

Pholo calallsls rs thc most lnvestrgated phcnomcna as tt Plays an tmponant rolc for the

convcrsron ofsolar energy lnlo chemrcal firel, clectrtctty and ln lhe dccomposlllon of organlc

pollutants [26] Lrght rs uscd to strmulate thc catalyst to plcdgee lhe redor reactron concemrng

l0
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the photo generated (clectrons and holcs) and the adsorbed spccres on thc cxtemal ofthe calalysr

In photo catalysrs. lrght rs utrhzed to trrgger thc catalyst to lnttlate thc redox rcactlon between the

photo produced electrons and holes and the adsorbcd specrcs on the surface ofthc catalyst

1.6.1 Basic mechanism of the photo catalysis:

Followrng arc thc baslc steps ofphoro catalysls,

Flrst of all. the lncldent Ilght relates w(h the scmrconductor matc al that ls known as photo

catalyst If the rncldent llght cnergy rs grcater rhan the band gap of the photo catalyst, thcn thls

hght energy B'rll bc captrvated by thc photo cat.lyst and ctclte the electrons from the valence

band (VB) to the conductron band (CB), leavrng free holes ln the valencc band Aftcr the

crcatron ofphoto gcneratcd clectron holc pa[, two prospects can flsc

. Onc ofthe prospects ls thc recomblnahon of thcse spectes duc to whtch heat ts

crcated

r Sccondly, thc movement of thcse spccles to\\ards the surface to rnrtlate the rcdox

reactton

Photo produced clcctrons at surface start the rcductlon rcactron wtth adsorbed specrcs shtle

holes produce strong oxrdrztng agents slmllar to hydro\yl radtcal by dtrcctly reactlng wtth

surlace hydroxyl groups or orrdrzrng adsorbed spccrcs

Aparl from thcsc rcductlon and o\rdatron reactrons rn photo catalysrs there arc some subordtnate

reactrons, whrch also occur Thcse rcacttons develops thc dnvlng forcc for numbcr of lmportant

photo catal)1rc appltcatrons

o:

/",..,",,;+
rcro'nh7

o:'

B(

band gap

.n(Yg)

olt -

Frgurc l.'t sch.nullrc rcprc\cnrarron Dfrlr( sllncondrcror nr,rrsrah
\ B \rlcft. bsds 2nd CD: condu.xon bMdr
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1.6.2 Propcrties of photo cetelyst:
To show outstandrng photo catalltlc performance photo catalysts must havc charactcflstlc

prope(lcs. correspondlng small paattclc szc. spccrfic surfacc auea or largc spacc conccrntng thc

elcctronrc levels to avord the recomblnatton ofphoto generatcd electron hole palr All ofthcsc

propertres can be accompltshed by usrng Nano photo catalyst [27]

One marn problem that rs sfumblcd upon wtth photo catalyst ls lts separatron from thc reacuon

mcdrum To ovcrwhelm thts problem. magnctlc scpamtton of photo catal),st has been suggcstcd

as a hopeful solutton

The magnetrcally detachablc photo catalytrc systcms arc easy to handle as thelr scparatton from

rcactron medrum do not rcqurre punficatlon or cent nlgahon process Hence. the physlcal

separatron of a photo catalyst can easlly be consummatc by ustng the magnetlcally drvlsrble

photo catalysts [26] WOI as a photocatalyst has many advanragcs Ir needs small posl-

processlng. \r'hrch makcs lt rnexpcnstve [tts rcstslant to corrosron and rnen

1.7 Catalyst:

St-rrrounded by many vrsrblc cnergctrc photo catalysts, rungsten oxlde (WO3), somehmes

exprcssed as WO3 x (r = 0-1),ls ausprcrous photo catalyst outstandrng to lts small band gaps

gorngfrom25to30eV, l liom 25 to I0 eV, condltlonally to rhe storchrometry, crystal-hke

assemblrcs and dcficrencres Furthermorc. the exkaordrnary oxldatton power of valcnce band

(vB) holes (+l l-3 2 \.NFIE). nonto\rclty, and own physrcal and chemrcal elastrclty rn rhe

drrcctlon ofpunltrvc suftoundmgs such as untnterrupted dcaltngs to watcr and solar

contamlnatron make lt vcry aftenhon-grabblng photo catalyst Tungsien t oxtdes ls dlscemed

tha( to be porcntrally advantagcous for drffercnr applrcahons such as clectrochemtcal [28]. gas

scnsrng [29]. cspecrally photocatal}( rc [30-33]

l.E Doping:

Doprng rs a technrque to acquamt wrth rmpu tlcs rnto lntrrnsrc semrconductor for the reason of

modllilng rts elect cal propcrtles rmpuntres prcscnts trl the scmrconductor are accordrng to rhe

typc of the scmlcolductor Llghtly and rcasonably doped scmrconductors are mcntloned as

12
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e\tnnsrc When a scmrconductor dopcd to such hr8h levels so lhat rt pcrl'orms more Lle a

conduclor than a semrconduc(or then lt treat as a degencratc Doprng also growth thc

pholocalalttlc actrvrtl' of thc scmrconductor It rs scemcd that bctween drflcrent o\rde

semrconductor phoro catalysts WOr rs uell-thought-out to bc lhe mostl) used semrconductor

because of rts optlcal and electronrc possessrons and low cost. chcmlcal stabrlrty and non-toxrcrt)

[31. 35] Due to th's reason many scholars repon doprnB of wor wrth other elements .lraguo Yu

etal al reported Effect of calcrnatron temperatures on mrcrostructures and photocatalytrc

actrvrty ot tungsten tfloxrde hollow mrcrospheres 136]

Hyeyoung (rm et al reported, Photo electrochemrcal and photocatalytrc propertres of tun8sten

oxrde Nano rods Brown by thermal evaporatron [37] R Abe, ( Shrnmer, N Koumura, K Hara,

and 8,Ohtanr, reported Vrsrble-Lr8ht-lnduced Water SplrthnB Based on Two-Step

Photoexcrtatron between Dye-Sensrtrzed Layered Nrobate and TunBsten Oxrde Photocatalysts rn

the Presence of a Tflrodrde/lodrde Shuttle Redox Medrator [38] Tun8sten tnoxrde (WO3) rs

photocatalytrcally stable, easy to synthesrze, rnexpensrve, and rs not dan8erous to the

envrronment.

1.9 Co doping:

Thc tcrm Co doprng ls a grouplng of two words "co" and "doprng" \\hrch means counlless

doprng o[ a scmlconduclor along wrth othcr substanccs Co-doprng ol WO1 may be used as an

rcal !!a) to rccovcr charge separatron Co doprng rs decrded to bc morc operatrvc than dopln8

wrlh a srngle clcmcnt [39] Co doprng dcmonslrale rmproved photocatal]trc actrvrt] as assoctated

wrth doprng

l.l0 Specific Objectives of Work:

Ihrs MS \york has precrsc arms whrch are termcd as follows and thcr delarl rs descnbcd rn thc

ne\t chaplers

Thc marn determrnatron of thrs work rs to enhance thc phorocatal)'trc actlvlty of co doped

lungstcn tfloxrdc undcr thc Uv lrght rrradratron Thc prepared catalysts \,,ere charactertzed

13
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thoroughly b) Scannrng electron mrcroscopy (SEM), X-ra) drffracnon (XRD). UV-Vrs drffuscd

refleclance spectroscopy (DRS) and Fouflcr transform Infrarcd Spcclroscopy (FT-lR)

14
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Chapter No. 2

Literature Revicw

2. I Tungsten Trioxide (WO3):

A chemrst Robcrt Oxland gave thc first procedurc for prcpanng tungstcn tfloxrde (WOl)

Tungsten tnorrde rs acqured from the mrncrals scheelrte, wolframrte. and ferbente It ls not

solublc rn HrO and acrds, but rcsolvablc rn hot alkalrs It could be easrly produced !ra srmplrs(rc

processes Several scholars have sct nanostructured tungstcn orrdcs. l e nanolvrres [40-42],

Nano rods [43-47]. nanopadrclcs [48]. nanofibcrs [49. 50]. ctc In lrne for smaller band gap of

tungsrcn tflo\rde compare !o Trtanra (band gap 3 0-3 2 cV) [5], 52] WOr c\hrbrts well photo

caplrvalron ln vrsrble-lrght radratron For that rcason, WOI can bc uuhzcd rn rntemal

chemrcal treatmcnt Itlcsser the volatrle organlc gases usrng rnlemal lrght sources \hcrc

ultravrolct |ght rs restflcled WO3 has (he prospcctlve to use sun. Lght as encrgy for

the handLng ofdamagrng polluranrs rn rndustrral waste-\latcr It also has thc prospcctrlc for

hydrogcn productron as lvcll On thc other hand, pure WO3 has lesser lrghl energy adaptatron

efTicrcnc)' assocratcd to TrO2 srncc the lesscnrng potcnual rs abstemrousll lo* [53] Bearrng rn

mrnd thc compcnsatrons and lrmrtatlons oleach pholo catalysts malenals. rnveslrgators ha!c

cngaged drlferenr strategrcs to modrfy thcrr catalytrc actrv() These approachcs lnclude surface

and rntcrlace modrflcatrons uhrch rnclude control of morphology and panrclc slze. composrte

materrals. transrtron/noblc metal doprng. non-mctal doprng, Nobel mctal dcposrtron. surface

scnsrtlTitlon ha!c bccn rmplcmcntcd to rmprove the photocatal)'trc propertres In exaclrng. lhe

restnctton of WOr as a photo calalys! can be rcmunerated by smeaflng these slratcgres Scveral

cfforts have been made to advancc thc photocatal),trc actlvrty of WO3 In the meantrmc thc

assoclatron bct\een photocatalltlc actlvrty and physrcal propertres has bccn well-knotvn beforc.

some screntrsts rmproved the morphologl and strrfaccs of WO3 by concentratlng on the

morpholog] of WOr such as nanowrre, nano rods. nanotubes. mrcrosphcres. mrcroporous. mccro

porous and mesoporous structurc [54-56] They enhanced the photocatal]trc ac!rvrt) ofwO3 b]

synthesrzrng ofone drmcnsronal stnrclure to mrnrmaLzc thc rccomblnalron ofelcctrons/holcs erd

preparrng ofporous structure to lncrease the surface area [55]

15
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2.2 Tungsten Trioxidc as a Photo catalyst:

As an attentron'grabbrng Tungsten ottdc photo catalyst ackno\rledged a lot of consrderatron

among rescarchcrs The restnctron ofWOt as a photo catalyst can be remunerated by spreadrng

on amendment stratcgrcs namcly surface and rnterfacc modtllcatton rn whrch rt rncludcs control

of partrcle srzc and morphology, composrtc malcflals. transttlon/noble metal doplng. non'metal

doprng. novcl metal depos,lton, surfacc senstttzatron

2.3 Photo catalysis:

Photo catalysrs rs a chcmrcal reactlon whrch srmplrfies hght durrng lhe rcactton As tt has been

reponcd thal lhc rnorganrc WOr rs one ofthe most promlnent photocatalltrc matenal So rt rs

consrdered to be an efficrcnt. cconomrcal and safc for thc chcmrcal and for the organrc

dcgradatron

Drfferent uays whrch are used to cnhancc the photocatal),uc actlvrt) rs Co doprng. Doprng and

composlte formatlon But later on wc wrll only drscuss the co dorng method hcrc as lt rs rclated

!o our t! ork

2.3.1 Mechanism of Photo ceaalysis:

An cyc-catchrng soluhon to progress the photocatal),trc actrvrty of WOI rs noble mctal loadrng

bccausc thc)'can be responsrble for the electron pool whrch steered 10 an adcquatc amount of

ncgalrvc polcntrals of02 rcductron Becausc duc !o hcavy amount of O: Rcductron. the) can bc

responsrble for an adequate arnount of clectron pool gcncratron whcn lrght lalls on an1

semrconductor catalyst, electrons are e\crted to therr hrgher states Thc scmrconductor catallst

\!orks as thc pool of clcctrons, thus catalyzrng lhc reductron of O1 through multr clectron paths

As a resull huge amount of OH Hydroxyl radrcals are attarned *hrch estrmably reduce the

targeted organrc compound. consequently thc depletron of multr electron laycrs results rn

reducoon. actrng as an cfficrent charge scparator and ensuflng hrgh aclrvrty for loaded catalysts

Thc hydroxyl radrcals are produccd rn both the oxrdauon and reductron rcactrons of photo

catalysrs 'l'hese hldroxyl radrcals arc vcr) oxrdatrve ln nature and non.sclectrvc wrth rcdo\

polenlral of (E0 = +l 06 V) The utllrzrron of drfferent noblc metals such as platrnum (Pt). gold
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(Au), and srlvcr (Ag) as co catalyst showed thc cnhanccment ln the WO3 photo degradarron

propcrtrcs [6i -64]

2.3.1.1 Oxidation rcactions due to photocatelytic effect:

uv+Mo-Mo(h+c )
h*+HrO-H++.OH

2h-+2H1O-.2H++HrOl
HrO2- 116' 1 '6,

2.3.1.2 Reduction rcactions due to photocatalytic cffect:

c +02+!o2
.Or-+2HO.+If-.HrOr+02

HOOH-HO.+.OH

MO =rnetaloxrde

2.4 Photocatalytic Activity of Tungsten Trioxide:

Xtn et al [57] showcd that WOI with a suttable structure show hrghcr actrvrty ln the 02 growth

reactlon Tlrcv eramrned thc photo catalytrc actrvrty of WOr at dlffcrcnt stlmulatlng

temperaturcs

The WO1 photo catalltrc actlvlty had been examrncd on dtfferent stlmulatlng tcmperatures l
structurcs of WOI named as Orthorhombrc. Tetragonal and Monoclrnrc work on The Monocllnlc

showcd supenor photo catalltrc actlvtfy than othcrs and tt was concluded b) thls e\amlnatron

that the WOr structure has convrnctng fcafurcs rn 02 progresston Thc studtes duflng nterventng

trme show that photo catal),tlc actlvlty of crystallltes combrnatron resulted long ltmc

strengthenlng The WOI graln cnlarged srze tcrmcd as elongatcd sficngthcnrng. causcd rn

reduccd actrvrt) A structure of bundle of prllars havrng nano metnc drmensrons of WOr

s)'nthesrzed sample was showed by Zhao et al [58] The photo responsc of the catalyst was

c)rcellent Its solar to hydrogen efficrcncy was 3 76010 rn natural sunlrght lrradlatron

The self-assembled nano porous structure of Tungsten Tooxrde rvas repo(cd by Guo et al

havrng the standard oflentahon of hkl planes r e (002) Thc produced catalysts exhrbrt more

ccpabrlrty than Trtanla nano tube arrays and WOr films for photo catal)1rc degradatron [59]

77
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2.4.1 Effect ofPhoto conductivity on Tungstcn Trioxid€ (WOl) Particlcs:
Thc exceptronal effects of clectrolltc pH. crysulhnlty and partrclc srze of tungsrcn trrolrde

(WOr) partrclcs on photo conductlvrty w4s cramrned by Ho et al [60] After that, they formulate

Cs loaded WO3 (CsWOr) partrcles for promotrng photochemtcal reactrvrr) enhancement

Strenglhenlng of WO3 partrcles paogrcsscs thc crystalltntty promtnence, thc parttclc slze and

shrrnk surface recomblnatton loss gavc nse to rmprovement ofphotocurrent Another factor that

rmproved photocurrent was elcctrollte pH due to lcsscntng ofover potcntlals and rntenslficatlon

rn electrolvte conducttvlty To tntenstfy the electron trapplng, pacvent charge rccomblnatton and

groMh the selcctrvlty ofa precrse product so as to cnhancc efTictency ofphotocatalytrc processes

mctal-semrconductor modrficattons arc used prcdomrnantly [60]

2.4.2 Photocatalytic cffcct of metal loadcd on Tungsten Trioxide:
Abe et al [65] tcsttfied $at platlnum loadcd tungstcn oxtde Pt/WOr dcmonstrates hlgh

photocatalltlc actlvlty [or thc decomposluon of allphattc compounds tn prescnce of vrslble llght

From the umc when thrs reported, many studres on the morphology modlficalton of PVWOT such

as macro porous PrWOj, Ptrl/r'Ol nanorube and PrWOr hollow structure and the surface

modrficatlon ol WO3 had been conccded out All afoterncntloncd studres usrng rmproved WOl

through the drsrntegratron oforgantc compounds proved the vrsrble hght photocatalyhc achvrt)

Yct thc \\rde-ranglng automatous cxamtnatlon on the dtlapldahon rcachons and the tangled

photo oxrdants not done [66]

. Xu ct al . wrth changed morphologres under hydrothermal condlrrons prcparcd WOI

samples by hoardrng drffercnt sulfatcs Wrth transfomcd morphology Pt/ WOr

deslgnated extraordtnarily hrgh photocatalltlc actrvlty under vrsrble ltght radlahon I \\1

% Pt loaded rn the cublc morphology of WOI sample cxposed the all-out emctcnc) B)

decrcasrng thc pa(tcle size thc cnhancement rn photocatalytc acttvlty can be

accompllshed whlch ls pflmc pflnctpal to thc developmcnt ofthc surface area

. Qamar ct al study shows that the metals havtng both o\ldatlon and reductton propertles

are nor all thc trme promtslng for thc progress of photocatalltlc reachon of calallsts

Mctal dcposltron trme and metal contcnts are thc excepttonal effects of crtlcal

parameters. on the photocatalFtc actlvty of WOt The dtscrepancy dtscovcred ln thc
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photocatalltJc actlvlly of nanocomposttes was attnbutcd to thc slze of the deposlred

metals [67]

. Purwanto e! al rcscarch dlscovcrcd lhe srgntficancc ofschcmlng partlcle slze tn ordcr to

accompksh profrcrent photo dcgradatton tn P!-WO] photo catalyst Optmum srze of pl-

WOI rndrcated htgher rate as compared to other srzes [68]

. Takchara et al Pt-WOr photo catalyst was tnvcstlgatcd for tnactlvatlon of HtNl

contamlnatton vtrus Thls photo catalyst was used for layenng ofwall and other cxteflors

to drop vrrus coltamlnahon accompanymg wlth surfaces [69] The photo catal]sr

produccd from a Hydroxyl radlcals antrphons werc \yell-thought-out to play a noteworlh\

rolc ln mrcrobtal tnacttvatton [70] Even though the plaunum ls the most rnfluenhal co-

catal)s! for hlgh-acivtty WOI but for thc rcason that rt ls costly. tt ls not appropialc for a

scalc-up process As a substttute Plattnum as a co-catallst, metal oxlde and metal ron

have bcen tntenslvely reconnoltered Metal oxtdcs of CuBlrOr, CaFezOr, TrO: and CuO

\\erc s)nthcstzcd as a composltc wtth WOr [70-75] Correspondrngly. rhe embcddmB of
Cu and Cu lon onto rhc surfacc of WO3 has bccn shepherdcd [76, 77] Amongst those

proccdurcs, the sollcttahon of CuO and CuBt2Oa as co-catalysts \ as furthermost

encouragrng CUO and CuBr2Oa mtxture wrth WO1 producc a profictent photo carallsl

composltc for volatlle gas decomposltlon On the other hand. an aberrant performance

ensues \\hcn photo dcgradatlon ln an aqucous solutlon of oiganlc componcnts \\as

convo)ed Thc WOI oxldc co-catalysts and composttes reprobates because oftvell-known

strrrng trcatmcn! for the duratlon ofthc photo dcgradatron tcst As an outcomc, the co-

catalyst consequencc was no longer wtncssed As a result. an tntcrelated structurc for

cocatallsl-Wor composltes that was sufliclentl) strong to counterattack mechantcal

trcatment rs extrcmely requrred [78]

Thcrc cre tfuec matn rcasons for the upgradmg of photocata l)ttc acUvttv ofthc lllanla

coatrngs when lt rs collecttvc wlth WOj

1) Tie clcctron holc rccomblnat,on ratc ls Iowcrcd bccausc the clcctrons crearcd due to

lrght can b. conveyed to the lower conductton band of WO3, rcgardless of rhe lact
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that, posrtrve holcs movcs m the dtrechon of the valcncc band of Tttanra Thrs

clanllcatlon rs schematlcally dcmonstratcd rn the figure 2 I [79]

hv>Er

("

TiO: WOI

Frg 2.1. Ch.13. trensf.r brtwccn TiO2and WO3bands.

2) Hrgh acldlry on thc outward surface of WOr- TrO2 as assocrated to purc TrO, can

produce an advanccd klnshrp of tungsten o\rde/lltanra coatlngs for types wlrh the

electrons that are not palred for that reason, thcse films could fasclnate more

h)droxyl lons and can yleld morc hydroryl radrcal nccessary for photo o\ldatlon

antrphons

3) Thc llght captrvahon volume ofthe tungsten o\rdc/tltanla because ofthe lo\r'er

band gap cncrgy. WOj/TrO2 classlfications rs complex whrch pnme to e\tra

productron ofe- and h+ parrs [75-78]

Cabrcra er al reported that mesoporous WO3/TIO2 films have efficacrously revealed an

rmproved movcmcnt rn thc degradatron of organrc pollutants uslng thc morpholog)

controlled productlon for rcsearch Conformrng to hlghly porous and polar matcrlals thc

apparent ofthcse ncedle-lrke films rs supcr hydrophllc [79]

Yu et al rcported the preparation of WOr/Zn O composrtc pholo catalysts wrth dlfferent

WOI concentratrons It resulted ln lmprovcd actrvlty for thc rcason that of rntenslficatlon

rn surfacc arca and hydroxyl groups Cnrmpled photocatalytlc actrvlty was observed at

the oplrmum calcrrlatron tcmpcraturc as compared to pure catalyst [80]

H:O

)
oH.
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. Beanng rn mlnd the band gaps of fungstcn oxtde and Srlver bromrdc. Cao et al arranged

the AgBr/WOr photo catalyst wlth AgBr on the surface of WOr substrate The composrtc

photocatalyst good absorptron ln the vlslble ltghr regton [81]
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Chapter No. 3

Experimental Section

3.1 Materials and Rcagents

3.1.1 Matcri.ls Uscd:

Teblc 3.1: The reagents and matcnals uscd rn s)nthesls

3.1.2 Apparatus:

The apparatus used rn thls expenmcnt are

. Hot platc

. Spalula

. 
"\'erghrng 

Balancc

. Magnctrc sttrrer

o Beakcrs

. Autoclave

. Centrrfuge Machrnc

. Photo catalysrs Assembly

Formull

Clucosc C,iHr:06

Ethanol CHTCHTOH

Sodrum Tungstatc

Coppcr Nrtratc CuNOr

Mcth) lcne Bluc
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CHAPTER 3 EXPERIMENTAL SECTION

3.2 Experiment Method:

Thc cxpcnmcnt mcthod rncludes thc followlng sreps

3.2.1 Production of Carbon:

In a typrcal method Glucose was drssolvcd ln dtsttllcd water and \ras autoclaved for scveral

hours lhrs srmple mcthod was adoptcd to produce carbon hollow spheres Aftcr productron of

carbon hollow spheres the) were dlssolved tn lhe mtxturc ofethanol and dlstlllcd \\atcr further

five trmes rvashrng was glven and finally the sample was centrlfuged and d ed

3.2.2 Production of Tungsten Trioxidc (WOr):

[ungsten tnoxlde was produced by usrng sol-gcl method In thrs method a specrfic amount of

sodlum tungstate Na2WO{ was drssolvcd rn drstrllcd watcr and a contlnuous shfirng of several

hours was grven to the solutlon The dfled carbon hollow spheres uere dlssolved ln ethanol and a

Lltlc strrong *as glven to the solutton

After thrs lhe solutron of ethanol was addcd drop by drop to avord clustcnng, ln thc solutron of

sodrum tun8slate on constant heatmg and surflng After scvcral hours of sllrrrng and heatrng thc

sample uas drred ald five uashings were grven to removc the lmpufl0es

3.2.3 Co doping with m€tals and non-metals:

Thc sample produccd was then agarn drssolved rn the mrxture of ethanol and drstrllcd water and

thcn separatcd rnto three parts Thrs sample was then co doped rylth mctal. non-metals and

combrnatron of mctals and non-mctals Co doprng was donc rn such a way that the solutron was

kept on heatlng and constant strrnng and thc dopant matenal $'as dlssolvcd ln a solutlon of

ethanol and drstllled watcr Then it was drop wrse addcd to the solutron of Sodrum tungstate and

rcmarned on contrnuous strlrmg and heatrng Funher all the sarnples produced werc calctned at

specr,lc tcmperaturc

for co doprnB wrth metals Copper Nrt.ate (CuNol) was used and for non-metals Ammonra (NHr)

was uscd

3,3 Characterization Techniques:
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Thc most apprecrated charactcnstrc ofmaterrals rcscarch rs lhc charactcflzatron ofthe fabncated

matcoals that \!c use rn dcmand to attarn more rnformatron about them Operatron and

Charectcflza(ron of separatc nanostructures requlremcnts not onl) great scnsrtrvrty and preclslon.

but also atomrc-lcvel resolutron lt consequently lcads to drffcrcnt mrcroscoptes that wlll pla) a

!rgorous rolc rn charactcfizatron and meesurements of nanostructurcd materrals and

nanostnrctures Methods usad for spectroscopy magnrfy the sample, envrsagc rts rnternal

slrucrurc Thcsc tcchnrques mrght bc spectroscoprc or can mrcroscoplc

'fhc tcchnrques whrch I uscd to examrne matcnals are X-Ray Drffractron (XRD) Spectroscopl

UV-vrs Drffuscd Rcflcctancc Spcctroscopy (DRS), and Scannrng Electron Mrcroscopy (SEM)

and wrdc anglc X-Ray Drffractron (W-XRD) and small anglc X'Ray Drffractron (SAS) and

Mrcroscoprc analysrs rnclude scannrng clectron mlcroscopy (SEM)

/ X-Ray Drffraclron rs one of(he compllant tcchnrqucs that mcasurc the complete spaclng rn

bctrvcen the ro*s and layers ofthe atoms and usc to find the arrangcment ofa srnglc crystal

It also dcfines the crystal structurc of untdcntrficd matcflal and measurcs the rntcmal stress.

srzc and shapc ofthc small cryslaIllne ranges lt ls foundcd rn thc elastrc scattcrtng that ts thc

change of uay of the clcctromagnctrc waves motron \!rthou! energ) loss The

cipclmcntatron of X-ray Drffractron needs an X-ray source. the sample nhtch has to be

rnspectcd and a dctector to chorce thc drffractcd X-rays A dlstlnctlve drffractron paltem

compflses ofa plot that covcrs thc rcflectcd lnlensltres vs thc dctcctor anglc \\hrch ma] bc 0

or 2e For uncontamrnatcd substancc X-ray drffraclron pattcm ls, Jllst ltke an lmpresslon of

thc substance lnsrgnrficant samplc preparalron and comparatrvelv slratght forward

rnformatron rntcrpretatron makc rt bcncficral One thtng should bc kcpt ln notlce that samplc

under stud) must be unrform and srngle phase for relrable results

/ l'o Ilnd lhe crystal-hkc strucrurc oflhe polymers Wrde angle X-Ra) drffractron (W-XRD) rs

usc Thrs melhod rs used to rnspect the Bragg peaks whtch are scattcrcd !o lvrde anglcs Thc

shape of dlffractron hclp to define the phasc composltlon of the film or chemlcal

composlrron oflhc film. thc arrangcmcnt ofthc films and the tnctdence ofthc lilm stress and

the crystalllnc srze
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Another powerful tool Small angle X-ray scafte ng SAXS rs used for characterrzrng

nanostructured matcflals wherc lhe elastrc scattcnng of X-rays havtng wavclength 0 I -0 2

nm by a sample whrch:uc non-homogenous in the nm-range, ls deutled a! very low anglcs

(normall) at 0 I - 10") Thrs anay covcrs thc lnfo about srzc of macromolccules, shape.

pore slzes, and drstrngulshing dlstances, and parttally order ofmatenals It has the capacrt)

to provlde thc strucfural data about the macromoleculcs whlch range lrom 5 to 25 nm. of

lhe rcpeat dlstances rn somc cxtcnt ordered systems ofup to 150 nm

A supreme technlque for thc charactenzatton of nanostructured mateflals ts UV-Vrs

Dr[Iuse Reflectance Spectroscopy rs It ls a non-causrrc technlque and samples can bc

recuperated later Thrs spectroscoprc technrque constsrs of rcflectlon or transmtssron that

mlght be rnternal or extemal of UV-Vrs radtatlon It ts hlghly dehcate technrque and rt has

preclse lrmrt of delectlon [t ts cast off to calculate thc elcctronlc band gap ot

semlconductors and ls also uscd to measure the Reflectance Loss rn Photovoltalc Cells and

the Optrcal Propcrtres Thrs technrque ,s partrcularly used for costly samplcs lrke protelns

and enrymes

Scannmg electron mrcroscopy ls uscd to determme thc topogaphrc partrculars of

nsnomatenals and the surface of films can bc shown up wrth htgh tenacrty and feature fhe

SLM ls consrdered as a grcatest regularly used rnstruments tn nanomaterrals, due ro SEN{

has amalgamatron of large focus depth. great strength of rcsolutlon and llberty to obsene

thc sample and hrgh magnlficatron It dccrdcs morphology partrculars less than of 50nm

and conslst of a depth of focus 500nm times advanccd as assocrated wrth optrcal

mrcroscope !!rth same magnrficatlon In rt the electrons bam rs enhanced rvrth a los

voltage range from l-20 kV and rs scanncd on the outward ofthe sample The elcctrons

beam cast ofl foa SEM charactenzahon consrsts of low energy It has normally the

resolutton of lnm and ls uscd to dlshngulsh the spatlal scaftcrrng of element It glves the

bcst results for surface mo.phologres and elcmcntal analysts ofthe samples

3.4 Catalyst Characterization:

UV-vrs drlluse rcflectance spcctrum (DRS), cqurpped wrth an rntcgrated spherc assemblv *as

used for scan
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X-ray drffractron (XRD) measurcmcnts. Rrgaku DMax 2550 \ts/PC apparatus (Cu Ko

radratlon. L = I 5-1056 A) at room tcmperature. bcrng operatcd at .10 kV and 100 mA \ras uscd to

rnvestlgatc the crystallographlc propcrttcs

Ihe elcmental analysls. Surfacc morphologres and pour slzes were observed by scannrng

electron mrcroscopy (JEOL JSM-6360LV)

[JV-Vrs absorptron spectm ofthc samples were ve frcd on Cary 100 UV/vis spectrophotometer

3.5 Photocatalytic Activity Measurements:

The photo catal),tlc perlormancc ofdlffcrent photo catalysts were evaluated ln the dcgradatton oI

methylene blue It ,s represcntatrve of hrghly persrstent pollutanr Wc calculated thclr photo

catalltlc degradahon processcs on cxposure to UV lrght The photo catalltrc reactrons persrst for

5 h A water-coollng system chrlled thc watcr-Jackcted photochemtcal tcactor to preserve th€

solutron at room temperature throughout thc rcactron In advance rnrtrahng catallsrs the

suspensron \!as magnctrcally stlrred tn darkness for 30 mrn to bcgln adsorptlon-desorptlon

equrhbrrum at room tempcraturc Stinrng was sustarncd to keep thc m!\ture rn suspensron

Samplcs were raken off at speclfic rntervals and centrrfugcd to separate photo catalyst lor

lnvestlgatron Then clarrficd through a 022 E m Mrllrpore filter paper to take out thc photo

catallst The concentrauon of pollutant uas also calculated from the herght ofpeak usrng thc

callbratron curve
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Chapter No.4

Results and Discussion

4.1 Morphology of Catalyst produced through SEM:

4.1.1 Amorphous WO3 Neno rods likc slructure:

Figur. 4.1.: SEM imagcs of purc Tungstcn Trioxid. (WOr) Nano rods Ilkc structurc.
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Scannrng Eleclron Mlctoscopy (SEM) exh,blts the performancc ln nanospace wtth large

magnrflcatron and resolutron and detcrmlnc the morphology ofmate als at nano lcvel ln figurc

4.1, Amorphous tungsten tnoxldc Nano rods arc shown at 50,000 and 100,000 magnrficatron It

has rod shaped morphology wrth hlgh aspcct ratlo Lc ls given by lenglh/ diamcter In rhls case

the aspcc! ratlo rs 3 Moreover pores can be seen on thc suaface of thc rods whrch makc them

0morphous Thc average pore slze ls 350 nm whtch reveals that tt has macro porous structure

Prcparatron of tungstcn tdoxrdc Nanorods was also rcported by M Glllet et al The measuremcnt

of formed nanorods drffer rn mnges from l-l5um, l0-200nm and 1-50nm for the lenglh, wrdrh

and thrckness. respecovcly [82]

4,1.2 Nitrogen Doped Tungsten Trioxidc WOj Photocatalyst:

Fig J.2: SEM lm.g. of Nitrogcn Dopcd with Tungstcn Tnorrdc (WO.r)

Thcsc are thc SEM lmages ofNrtrogcn doped Tungstcn Tnoxldc (WOr) photo catalyst $hrch

rcvcals the morphology of the catalyst In figure 4 2 porous structures can be sccn casrly at vcry

low ma8nrficatrons of 1000 and 25,000 magnrficatron which reveals that the catalysl produced rs

amorphous rn nalure Moreover thc porcs havc drfferent srzes that ralges from 102 nm ro 259

nm, from whrch rt rs clear that this catalyst has macro porous morphology It ls best for thc

appllcatron as a pholo catalyst
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4.1.3 SEM Imrgcs ofcoppcr dopcd Tungstcn arioxidc (WOl) Photo cetalyst:

Fig 4.3. SEM imagcs of Coppcr Dopcd with Tungsten Tnoxidc (WO3)

l'hcsc arc the SEM rmages of Coppcr dopcd Tungstcn Trroxrde (WOr) photo catalyst Nhrch

reveals the morphology of rhc catalyst ln figurc 4.3 porous structurcs can be secn at 10,000

50,000 and 100.000 magnrficatton whrch rcvcals that rhe catalysr produced rs amorphous rn

naturc Moreover the porcs havc dlffcrent slzes that ranges from 100 nm to 300 nm. from whtch

rt rs clcar that thls catalyst has macro porous morphology
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4.1.4. SEM Images Of Coppcr & Nitrogcn Dopcd Tungsten Trioxidc (WO3):

Fig 4..1. SEM Imrgcs Of Coppcr & Nrtrogcn Dop.d Tungstcn Trroxidc (WO3):

These are thc SEM rmages of Coppcr and Nrtrogcn dopcd Tungsten Tflo\rde (WO, photo

catalyst $hlch revcals the morphology ofthe catalyst In figure 4.4 porous structures can be secn

at 10.000 50.000 and 100,000 magnrficatron whrch reveals that the catalyst produced rs

arnorphous rn naturc Moreover the porcs of drffercnt srzes can be seen casrl) l c 128 nm. 138

nm, 199 nm and 203 nm, from whrch rt rs clcar that thrs catalyst has macro porous rnorphology

30



CHAPTER No.4 RESI-TLTS AND DISCUSSION

4.2 Elcmental Analysis of Photo catalysts:

4.2.1. EDX of Tungsten Trioxidc (WO3):

0t ,lir

!) la

rih

.\ 40

Fig 4.5, EDX anelysrs OfTungstcn Trioxidc (WOr)

EDX analysrs ls carrred out to get the elemental analysu of WO3 EDAX specha glves

d ferent elemental grves observed peaks are of O, W respechvely and table shows therc

werght pcrccntage and atomrc percentage W, O supports the elcments rn sample,

wluch can be used 1n photo catalysrs
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4.2.3. EDX enalysis of Coppcr dopcd Tungstcn Trioxidc (WOr):

Elem.nr Waght* Atomrcx

Frg .1.7. EDX .n.lysis ofCopp.r Dopcd Tungstcn Trioxrdc (wor)

EDX analysrs rs carrred out to gct the elcmental analysrs ofcopper doped WO3 EDAX spectra

grves drfferent clemental grves obscrvcd pcaks arc ofO. W, Cu respcctrvcly and tablc sho\!s

thcrc wcrgh! pcrccntage and atomlc perccntage W, Cu, O suppo(s thc clemcnts rn samplc.

whrch can bc used rn photo catalysts
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4.2.4. EDX of Copper and Nitrogcn dopcd WO3:

0t

fur

llD tr 51

:51 I t'

151t :{r,l

Frg {.8 EDX anelysis of Coppcr .nd Nitrog.n dop.d Tungstcn Tnoridc (WOr)

EDX anallsrs rs carflcd out to get the elemcntal analysrs of copper and nrtrogen doped WOi

EDX spcctra grvcs drflcrent elemenlal grvcs obscrvcd pcaks arc ofO W. Cu respecrrvell and

tablc sholvs thcrc werght percentagc and atomrc perccnlagc Cu. W. O supports the elements ln

sample. rvhrch can be used rn photo catalysrs
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4.3. FT-IR Analysis of Photo Catalysts:

4.3.1. FT-IR enalysis of Tungsten Trioxidc (WO3):

s
o)

(!
.E

(l,
F

0 1000 2000 3000

Wavenum ber (1/cm )

Fig 4.9. FT-lR Rcsulls of Tungstcn Trioxidc (WOr)

Sr No Wavcnumber(cm_') Tmnsmrtunce 96

I 192 86 419

2 935 555

t635 606

4 t 134 597

5 3336 11 17

Tablc {.1. Calculrtion ofTrrnsmlttancc for thc mcntioncd pcrks ln thc grrph.

2344
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1 460 3336

1820
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6355 ,l
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ln fig 4.9 F1-lR results of Tungstcn Tfloxrdc are shown Hcre the absorbance rs calculatcd tn

table4.l For the alorementroncd peaks on thc graphs In thc graph of WO1. the broad peaks are

of warer, whrlc thc pcaks ncar ro origrn (0, 0) rcpltcates rhc confirmatron of bondrng bctwcen \\
and O The occurrcncc ofthese peaks arc takcn tnto consldcratton rrrcspectrve of the absorbence

charactcrrstrcs Bccausc of the transposc of absorbancc whtch ts Trans conductance tn our matn

concem for photo bascd appltcattons Thc FT-IR specrra of WOr was found from 400 900 cm I

the charactcnstrcs absorptron was at 3336 cm'l was attrrbuted ar aromattc and -OH strctchlng and

that at 1635 cm_l revcaled the aromattc and -OH bendtng vtbratrons There was no charactefls cs

peak shown at 2370 cm lwhrch confirms the removalofCarbon [82]

4.3.2. FT-IR enelysis ofNitrogcn doped Tungstcn Trioxidc (WOr)

2220

1420

417
680

1470
926

1635 1 734 3321

424

1000 2000 3000

Wavenum ber (1/cm )

Frg {.10. FT-IR An.lysis of Nitrog.n doped Tungstcn Trioxidc (WOr)
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c
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Sr No Wavenumber(cm'') Transmrttance 7n

417 '1 32

2 t470 l0 46

3 1635 92

4 t734 9|
5 3321 892

Tablc ,1.2. Calcuhtion of rbsorb.ncr for thc mcntloned pc.](s ln the gr.ph.

In fig 4.10. FT-IR analysrs of Nrtrogen dopcd-Wor rs grvcn whrch shows that sharp pcaks

dcnotcs thc confirmatlon ofbondhg between N-W and W-O at 1.1?0 cm'1 , 1635 cm-r and broad

pcak for water was found at 3321 cm-l and no characte stlcs peak ls shown peaL at 2370 cm-r

whlch reveals that carbon spheres are removed The marn peak of nltrogen was observed at 1.17{)

cm I The matcnal rs ldentrficd as nltrogen-doped wor [82]

4.3.3. FT-IR analysis of Coppcr dopcd Tungsten Trioxide (WOj):

37 49
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f421

0 1000 2000 3000 4000
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Frg {.11. FT-IR en.lysis ofCoppcr dopcd Tungstcn Trioridc (wor)
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Sr No Wavenumbe(cm-') Transmrttance 9/o

I 846 411

2 939 463

3 1684 336

4 2224 526

5 3423 261

Tablc 4.3. Calcuhtion of rbsorbance for thc mcntioncd pe.ks in thc greph.

In fig 4 I l.The graph of Coppcr doped WOr shows, thc broad pcaks for watcr agarn. rvhrle the

peaks near ro orrgrn rcplrcates rhc conflrmatron of bondrng bet\\een Cu-WOr and W'O The

marn peaks observed from rangc 400 . 900 cm'r was for tungslen tflo\rdc and 1684 - 2221 cm I

was for copper The occurrencc of thcsc pcaks arc taken rnto consrderatlon rrrcspectrve ofthe

absorbancc charactenstrcs

4.3.4. FT-IR analysis of Nitrogcn and Coppcr dopcd Tungstcn Trioxide (WOr)

1420
1137 3336

935 163 iia
824

\A/aven um ber ( 1 /cm )

Fig {.12. FT-IR enrlysis of Nitrogcn end Coppcr dopcd Tungstcn Tnoxidc (WOr)
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Sr No Wavenumbc(cm_') Transmrttance o/o

I 824 596
1 lt37 883

t631 759

I 1738 152

5 3316 8 35

Table 4.4. Crlculrtron of.bsorbancc for thc m.ntioncd pe.ks in thc gr.ph.

ln fig 4.12. F'l -lR analysrs of Copper aad Nrtrogen dopcd-WOr rs grven rn whrch graph of Cu-

N.WO] reveals the broad pcaks for watcr. whrlc thc sharp pcaks mrmrcs the confirmatlon of

bondrng benveen Cu-W. Cu-O, Cu-N and W-O at 1614 cm'I and 33J6 cml and no

charactcnstrcs peak rs shown peak at 2370 cm'l whrch revcals that carbon sphcrcs arc rcmoved

Thc matcnal rs rdcntrfied as copper. nttrogen-doped WOI

4.4. UV Diffuse Reflectance Spectroscopy Analysis:

4.4.1. UV-DRS analysis of Tungstcn Trioxide (WOr):

;€

E
e,

w.v.t...rt ol wo' t' .4o nm caeo,tNtt,

.00 600 600 1000 1200 1{00

w.v.l.ngth (nm)

Fig {.lJ(.).UV-drs .nalysis of Tungstcn Trrorid. (WOr)
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Bo6d 6op ol wo! wos ) 3 .v

1231561
En.rgy (cV)

Frg 4.13 O). Calcul.tion of b.nd grp of Tungstcn Tno{de (wor)

In Fig l,l3(a). Uv-drs analysls of Tungsten Tfloxrde (WOr) has been grven whrch shows the

pcak of Tungsten Tnoxrde (WO]) at 440 nm approxrmately \\hlch dlscloses thal rts

photocatal),tlc actrvlty hcs rn Vrsrblc regron

In Fig 4 t3(b). The rndrrect optlcal band gap ofTungslen Tnoxrde (WOr) rs calculated usrng the

wavclcngth ofthe peak by puttrng rt tn the formula

E= hv

v -- cr'L

Where h rs Planck's constant and "v" rs thc frequency, "c" ls speed of hght and " L ' rs the

grven wavclength

40



CHAPTER No.4 RESULTS AND DISCUSSION

By puttrng valucs wc find the optlcal band gap of WOr 2 8 eV whrch cxhrbrts the amorphous

nature of Tungstcn Trroxrdc (WO1) [84] In thc vlslble reglon the avcrage transml[ance was

about 75o% fo. Tungsten Trrorrdc (WOr)

4.4.2. UV-DRS rnalysis of Nitrogcn dopcd Tungsten Trioxide (WO3):

Wockngth ts 4aO o opprcrtMtuly lot Nrttug.n dopEd wtth wO!

400 600 800 1000

Wavelength nm

Frg 4,14 (a). UV-DRS analysis of Nitrogcn dopcd Tutrgstcn Trioridc (WOr)

ln Fig {.14(e). Uv-drs analysrs of Nrtrogen doped Tungsten Trroxrdc (WOr) has been grven

uhrch shows the pcak of Nltrogen doped Tungstcn Tnoxrde (WO1 photo catalys( at 480 nm

approumately whlch drscloscs that rts photocatalltrc actlvlty lles rn Vrsrble regron

In Fig 4.14(b). The rndrrcct optlcal band gap of Nrtrogen doped Tungstcn Trro:rrde (WO;) rs

calculated usrng the wavclen$h of the peak r c 480 nm Wc find thc optrcal band gap of WOI

2 58 cV cppro\rmalely whrch cxhlblts the amorphous nature [84]
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Bond Aop @tuloEd @s 2 5 ev Jor Mno9.o doe.d wot

aoo 600 400 1000 1200 1/100

w.v.l.nsth (nm)

Frg 4.15 (.). UV-DRS enelysrs ofCoppcr dopcd Tungst.n Tnoridc (wor)

234567
En.rgy (cV)

Fig 4,14 (b). B.nd g.p celcul.tron ofNrtrogcn dopcd Tungstcn Trroxidc (wor).

4,4.3. UV-DRS en2lysis of Copper dopcd Tungsten Trioxide (WOr):

ttutdv lo. coe4t doBd stth wot
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In Frg {.15 (e). UV-DRS analysls of Copper doped Tungsten Trroxrde (WOt) has bccn grvcn

whlch shows the peak of Copper doped Tungstcn Trroxrde (WO1) photo catalyst at 920 nm

approrrmately whrch drscloses that lts photocatalytrc achvrty hes ln Vrsrblc regron

ln Fig 4.15 (b). Thc rndrrcct optrcal band gap of Coppcr doped Tungsten Tno\rde (WOr) rs

calculatcd usrng thc wavelength of the peak I e 920 nm We find the optrcal band gap of wO.

I 3 eV approxrmately

23456'
EncrgY (cV)

Frg 4.15 (b). Brnd Gap Calcul.tion oI Coppcr dopcd Tungstcn Trioxtdc (WO3)

lr

dond 6opolN&cu dop.d wot t!25 cv
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4.4.4. W-DRS enrlysis of Nitrogen & Coppcr doped Tungstcn Trioxidc:

wMLigLt 6 a9O nd lot N A Cu .top.d wtrh WO,

s

c,

300 {00 500 600 700 t00 900

W.vclcngth (nm)

Frg 4.16 (e). Uv-DRS rn.lysis of Nitrog.n rnd Coppcr dopcd Tungsten Triorrdc (WOr)

Encrgy (Gv)

Fig 4.16 (b). B.nd G.p C.lculetion ofNltrogcn rnd Coppcr dop.d Tungstcn Trioridc.

6ood 6oDofHaco dotdwot tt 2 5.v
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In Frg .1.16 (r). UV-DRS analysrs of Coppcr doped Tungsten Tnoude (WOr) has been glven

whrch shows the peak ofCoppcr and nrtrogen doped Tungsten Trro\rde (WOr) photo catalysr ar

.180 nm approrrmately whrch dlscloses that rts photocaral),ttc actlvrty lres ln Vlslblc rcglon

In Fig 4.16 (b). The ndrect optrcal band gap ofCopper and Nttrogen doped Tungsten Tno\rdc

(WOr) rs calculated usrng the wavelength ofthe pcak r e .180 nm We find thc optrcal band gap

of Coppcr and Nrrrogen doped Tungsrcn Trroxtde (WOr) rs 2 6 eV approxrmatcl)
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4.5 X-Ray Diffraction Results (XRD):

ot(,
E

40 50
2-Theta (degree)

Fig 4,17. XRD enelysis of WO3, N-WO3, Cu-WOj, N-Cu-WOr.

tn Frg 417 XRI) analysrs of WO1 N-WO1 Cu-WOt and N-Cu-WOr rs shown Thc e\act

crystallrne slructures for WOI are shown by XRD studrcs of samplcs The sha.p pcaks were

observed at 2e - 242,342 and,498 wcrc rndrcatlve of monoclrnrc strucrure o[ Tungsren

Trrorrdc

The XRD pattcm of other compos(es produced by doprng wrth nrtrogen and coppcr sho\\'cd the

change rn rntcnsrty for the observed peaks There was a mrnor change rn rntcnslttes N-WOr Cu-

WOr N-Cu-WOt samples. respectlvel) No other lnformatlon \las suppllcd bv the composrtcs of

WOr because ol l% by welght addrtron ofthc dopants No other changes were observed for the

composltcs othcr than change rrI lntcnsltrcs

Purc WOa
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4.6 Photo c.trlysis Results of Catrlyst:

4.5.1 Pboto cetelysis ofTungsten Trioridc:

1t

t0

03

02

09

0a

E 07q

.9 o,

3 os

04

Fig ,t.l t. Photocrtrlytic .ctivity of WOr undcr uV light.

The loding ofCdelyst m photo cetalync proccdures hrs a sigmficalrt rnflucnce that can strongly

rnflucncc thc degadation of dye. With differcnt conccntratlon of Tungskn Tnoxide (WOr) the

expenment was perfomcd and rt wes obscrvcd that by increasing the conccntrafion up to 0 5 g

L I thc c.trlyst cxhibits thc mclcascd photo degadatron proficrency and then decreascd as

observcd in Fig 4.17- This rcsponse ofthc catalyst w.s duc to ztcccssrbihty of achve srtes on the

catalyst surfacc end thc diffixion of IJV light into rhc suspensron made up of methyl blue (MB)

and the c.falyst used i.c. Trmgstcn Trioxidc (WOJ). Thc tota.l acuvc srtes surfacc arca rlcreased

by m.aDs of mcrr.sing drc quutity ofcrtalysl [85]. In thc mcantimc, thcre was a decrease in UV
hght pcnctr.etion b€cat sc of cDlargcd smattcring cffcct 1s a result of an intcrsificatron tn the

rurbidlty of thc suspcrrsloo So thc photo mggcrcd volume of suspcnsion reduced, Futhcnnore,
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to kccp thc handlrng cxpcrrditures low for rndustrid use, lt ts tmporurni io usc rntermedlate

conccnmtion that is m our crse was 0.5 g L | rcfcrrtd as the optrmum catalyst conccnmtlon

4.6.2 Photocrblytic Activity of Nitmgctr dopcd Tungstcn Trioxidc:

E

t
o
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100
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0!0
0E5

0c0
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03s

05rLr

o75sLr

I

Fig a.l9. Pholo..t tr,tic lcliviay Ec.!ur!D.rt of Nitrog.u dop.d TEtrgsicb Trioridc

Wrth drffcrEnt conccntrrhon of Nrtsogcn dopcd Tungsten Trioxrdc (WOr) catalyst thc

cxpcnmcnt w1s pcrformcd and tt was obsarvcd thrt by rncrcasrng the conccntt-ation up to 0 5 g

L I the cat lyst cxhibits the mcreased photo dcgradation proficrcncy and thcn decrc.s€d as

obscrvcd rn Frg 4 18 for thc rncrcascd conccarbrton of tha catalys!. At 0 25 gL_l tlc catalyst

show.d a vcry lifllc dcgr.dation srm,larly fo. thc 0.75 gl'r thrs was due [o the rEsponse of thc

crtrlyst to acccssibihty of actlvc sltcs on thc c.t lysl surfae and thc difnlston of UV ltghl tnto

thc suspcnsron madc up ofmcthyl bluc (MB).nd thc etalyst used ic NlEogcn dopcd Tungnen

Tnoxidc (WOt) Th. iotrl actlvc sltcs suffacc arEa incrcasad by mcans of mcrcasrng thc quantlty

of cal2lyst- In thc mcantimc, therc was a dccEasc rn UV llght pcnctratron bccausc of cnlargcd

/r8



CHAPTER No.4 RESULTS AND DISCUSSION

smattcring cffcct as r Esult ofaJr mtcnsrficatlon in lhc turbrdity ofthc suspcnsion So thc photo

tnggatd volumc ofsuspcnsron rcduccd Intcrmcdiatc concmfalron that rs rn our casc was 0_5 g

L I rcfcnrd as thc optimum catalyst conccnration cxhibtts thc bcsl rcsult for dcgradatton

4.6.3 Photocrttlytic Activity ofCoppcr dopcd Tungstcn Trioride:

08

o 25 tLr

o5gtr

o 75sL r

---+

2

Tme rn h

s
o
E oe
cq)

coo 0,a

f

I

Fig ,1r0. Photo..trhatic Actiyity ofCoppcr dopcd Tungstcr Trioid..

With drffcrent conccntretion of Copper dopcd Tungscn Tnoxrdc (WOr) crlalyst thc cxpenmcnr

was pcrformcd and tt w1s obscrvcd thet by mcrEzsing thc conccntralron up to 05 g L I t}e
catalyst cxhibrts thc incE scd photo dcgradatior pmficicncy and thcn dccrcascd as obscrved rn

Flg 4 19 for thc rncEascd concmrration ofthc c.lrlyst At O-25 gL'llhc catalyst showcd a vcry

lltlc dcgradatron simrlarly for the 0 75 gl-r this was duc ro thc rrspons€ of thc catalysl to

acccsslbllity of actrvc sltcs on thc catalyst surfrcc and thc drffi:sron of UV hght tnto thc

suspcnsion madc up of mcthyl bluc (MB) rnd thc calalyst uscd r,e Coppcr dopcd TunSstcn
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Tnoxidc (WQ) Thc total active $tcs surfacc alla incre.sed by mcans ofrDcreasrng thc quantlty

of c.t lyst In thc mcantioc, thcrc wrs a dccrrasc rn t V hghr pcDctBtton because of enlarged

smattanng effect as a r€sult ofm htcnsification rn thc turbtdrty of thc suspcDsion- So the photo

tnggcrEd volume of suspasion rcduccd- Intcrmcdialc conccntatron that is in our case was O 5 g

L-l rtfcrred as the optimum catalyst conccntrzion cxhibits thc best rcsult for deg?datlon

4.5.4 PhotocrtrMc Activity of Coppcr & Nitrogcn dopcd Tungstcn Trioxide:

1i
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09

0i

t 07
9

! 06
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Fig ,1.21. Ptotocetel5rtic Activity of Copp.r & NitrogcD dopcd TungltcD Trioid.

Wirh differcnt conccnrruion of Coppcr & Nitogcn dopcd Tungstcn Trioxide (WOl) catalyst thc

cxpcriment was pcrformcd and it was obscrvcd thet by tncreastng thc colceltratron up to 0 5 g

L I thc c2talyst cxhibits thc incrcascd photo degradatlon proficiency and thelr dccrcascd as

obscrvcd in Frg 4.19 fol the rncrcascd conccnfation of thc catelyst At 0 25 gI--l the cat2lyst

showcd a very littlc dcgr.d.tion slmllarly for thc 0 ?5 gl-r this was duc !o the response of the

catalyst to.cccssibility of lchvc srtcs on the c.trlyst surface.nd thc drffIsron of IJV hght rnto

o25eL1
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thc suspnsron madc up ofmcthyl bluc (MB) and thc catalyst uscd r e Coppcr & Nrtrogen doped

Tungstcn Tnoxidc (WOJ). The rotal active sites surfrcc area increascd by means of rncreastng

thc quantlty ofc.ellysl In thc meantimc, therc was a dccreasc rn LfV llght penetratlon because of
enlargcd smaftcring cffcct rs a rcsult of an Dtcnsrficatron rn the turbidity ofthc suspenslon So

tle phol,o figgcred volurne of zuspcnsron rcducad- Intcmediatc concctrtrtion that rs rn our case

was 0.5 g L-r rcfcned as thc optimum cerr.ly$ concenhtion cxhibits thc bcst rcsult for

dcgradauon

4.6.5 Photocetelytic Actiyity mcrsurcmcnts of rll thc crtclysb witb dillcrcnt

Conccntrrtions:

r00
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s'o
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350aBroao

30

Iwo
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25 50 15

Conccnlnion (m g/L)

Fig {12- PhoaocrtrMic Activity D..!u]!E.trt! of rll thc c.hlysb with dilLrcnt
corcartratiorJ

IGu-WO,
ICuJ{-tlD
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I hrs gaph rnterprcts thc maxrmum degradahon ofallthc catalysts at concentratron of50 o/o

whrch rcveals that 0 5 gL L 
rs thc optrmum catalyst concentratlon for all the catalysts Ifwe

decrcase or rncrease the conccntmtlon the degradatron o% decrcascs due to the caphvlty of UV

Lght at actrvrty' sr.rrfaces
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CONCLUSIONS

coNcLustoNs

. The cost cffectrve catalysts ustng Tungstcn T oxlde wcre produccd by co-doplng. uslng

slmPle wet chcmlcal methods

. The p.oduccd catalysr werc characterrzcd by the followrng technrqucs

l) SEM (Scannrng Electron Mrcroscopy)

2) fT-lR (F'ouner Transform Infrarcd Specrroscopy)

3) LIV-DRS (Drffused Reflcctancc Spcctroscopy)

{) EDX Analysrs

Usmg all these technrqucs the productron of WOj, N- WOr Cu- WOr N-Cu- WO3 photo

catalysts werc confirmed SEM reveals that all the photocatalysts produccd wcrc havlng porous

structure whlch was very useful for photocatalysrs As porcs absorb more lrght and provrde more

actlve srtes for the process ofPhotocatalysrs

. Thc produced Catalysts *ere also Photo Catalyzed to mcasure the conccntratlon
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FUTT'RE PRESPECTTVES

. 'fhc produced Photo Catalysts can be uscd as a Source ofEnergy

. lt can also tacklc virth the energy crrsrs ofPakrstan

. It can be used rn all possrblc cnergy apphcatrons

o It can bc used m Cas sensrng

. I'hc marn appllcatlol ofthcse catalvsts are rn Photo catalysls
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