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CHAPTER 1 INTRODUCTION

l1.Background

Anti bacteri al refers tootfhemigendamtl geeowthiorait.i
i nstruSnemdaeankmown bacteri a bdaurneanu rbdeeisnigne @ t he c al
of maeyere di Naamvensttherti dlusncti on samtil @liradvwe ¢ o t
been developed with provenhawngh maaorteo bé faft i ceifefnit
destrbgchgria at t hestbsdedteortfissutrasn ceedeX pasuo e
antibi aihg@lcl e atpd dl yrdeveltaptéedbib]t Thbus, it is pr
thaobreuperbugs iwial vary sdbortn teixmanhli-eé¢ $il $ nhant
Staphyl ococ(cMRSi3u rcewisme mtsd ¢r i ous ptaot hroegseanasy t o
of the anti bi otridd s au sye & ttaxguht hi eafte cpteinancsi | I i n, va
oxacl| 2Thien pati enteasahadvghteo eaxnpde wded eculrnedaddi ti on
theUSCentre for Disease Cempbr taan ta hbdigaRiriedvaemtt i iomf e c
aretd lrhaj or problem in mdre Unnh d e d2nS8&eariia mhnt saviatnhd
t han 3dbe at00s 9 8] 2DtLde®algihne i n t hheo spprietaatlit e MRES Ao
i nf echtaisolnoswe d siduwe t200 1t2he i mpl ement ati otheof pr
out bonédaMRSAstil]l a pporti emndtuikably tchoen coevrenr use and i n

of ant] b otics
1.Qbjectivieesb$é t he

The current priority is to reducer appiii hatcot é £ U

pr evienmnfte cdtiisceuass es t MAnMdmithsei omcent devel opment s
nanomatwernal § oundenth@anbhade ant i miedso bcioarpaaetdi wiit
traditional @Gouwldk enxaatmeptlhessh sameé cr obi afAgpraope rCtui e
nanopatritni ctempar iesiorn kwl kt hmateri al s. Recent |l vy,
nanoparticles (AMNP) derivatives maindwh dont ai |
counteract a range ofortyatfeddri kowghht hegé ANMNP Db
are efficiena windei nshp gh@attmwme o$ , their chemi st
properties are ndounfduelrlsyt anrddAhvdd® otoldendmedltaHe r

nanomateri alatderiibwdatei vielse observeteiamt pmiyesi ohl «

(@)

hemical properties were studiedeasSSIEfVg VvXaRrDi,ous
FTI R/ Ram®OES,| P{TSAhe s ubsaencau eyniti cal wiasv ¢ hiteing aitsiea n
identify the relationships between the nanopar
fmoliterature (or providedThygl UChate!| diamoofat it Ivie
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is to process and develop metallic nanoparticl
target a wide spectrum o.fThpatolhg genp woejme @ imo arrhg &n

() Char aat eanids v aloifdhgghiysehcal and c¢ hebnigd amle epreap e
and commamoipalusialgreasnge of analegtIEMIRDt,echni
FTI/IRRae maannd -OEBS8

2)Preparation and i hyesbichmmméd meadtoif@astnhoepapg t i cl
aguecscwspendgihensp.hysi ochemi cafl dinwdeeatpagtatiicd nes
candi datcd sadedc prmadn tcalicetle ® nhr iibount i loenp &lhiamg,
surface potenti al

B)Provingvi demcde st rawctiwrialy rel ationships bet we
and waffepoetthodreasrugianmo.aur gwki ch may | ead
i nt er aocftt hmincsr obdéi s chaettgéenveumder standing of

involved in thesantimicrobial proce

(4 Devel oneitm{gstdhat can describe the behaviour of
Thips ocesadmore detail edsunpemssitadmdingyg of

B)Devel opitrignal procefser pmamonedretriscl e suspensi
expl ori mpg oxctelperrt M@ ds ofnamepawvti ngl et odifsipgeurrsei |

out if it can improve the antimicrobi al ef f e

The research projed¢itgpd earsl iak fil lowWuex thoavaeireadl dir nstt r a
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Preparation and processing
methods of nanoparticles

Material Physical and hvsicochemical
characterization chemical Physicochemica
and selection properties properties

!

Analysis of antimicrobial

) Antimicrobial
e —
effects to the properties of test by UCL
nanoparticle

l

Investigation of
nanoparticle

stability
Optimization of Alternative
dispersion parameters processing methods

Y

Future wotk

Figurné&h@®#ow chart of the ovefrradClha ptBe @htaepgBerof t h
1 Bhestirsuctur e

This thesis 8dcshadpithenrdsaddiCnaphert ol i ntGhagpuetri @n

i'terature revi ew, i neciacihdweasltkayp bes e d an&moml s,

nNstrume/meéaahoodol ogy and expgédei memt @iht wabfrkieddh c|
introdscesdgl | ow

Chaptelrhel i nt rdoedsuccrtihbeensmot i vati ontéard relsjeactcihy e | ¢
as the overviewhapt arbe2rhdeesiesature reviews of
syntihsesahdr acteri zat i oo mmeoah nainghuhensd ma babn thihé s

background kmaeawmlosddahdt ebeen consi dered for the |
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es of t hweesreesaanepdr thiycl @sr University
ader Srobsoiwai v e -naergda pGarvahno Cd P t & m a I&yhsee

ant ameda sduirsepnéeranstiaomptatr t yicke @ pl ai n t he <chan
i cles exposure to the microbes during t

ir ant i mi.cGhoabpitaetro ratbailng i ewo di f(fler etnh e sd fufde

i cat.i

oonn drnuanad p aornt iscalte ddif S peearesnitas omelelntasatpgtn

potential amhaan geesr naart ch a(e@yosceabosdav@manopartic
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CHAPTER 2 LITERATURE REVIEW

2. danomateri al s

Nanoparticdefsi teach & particul ate disp=€lr0imons wi
[ 6Thexi stefmaé¢ umraanomat eri als began awhtiecrh tihnec | lui
seashel losn,etsk@llnensci ousl y, human hmmd eémmelno ypirnogd
nanomaterials si Roe Bnstiwhitest ifsrecsmf danhbdahé sl anc
Maya bl weasmaientof -stha@adlde r7fepiad meappears he bl ue

colrbecausdeofpressenper bsHtrawicdneum@anoscal es

Howevke, stiemgliifod&t inbammomaé @gamams cdh hleatceorncept C
nanotechnol oigryt rwoadsd &t athg d Ri ¢clegmadia8Pne of t he

earl i est nanotechnol ogy applicatinong8&éhserree pheer |
was faskbynahedr uby col duwr] Boyf tchoel |ecairdhayle r$gbedieOto s |

nanopartiallreesadeoresedbber teri BBec engfeBf t er t wo

decadees andnapamweredd ees| boeedc or di raqa dt dn@mensorcr y st al s
were prodguase@viayor at ifoonr ttehceh[nfliidgjusetssyt | méde devel o
ofnan®chnadlsoagpyigdrioywangranomat er iianinse nis & v tai popnlsi cian

al most f aleflrdisth et heefgied adlerdaflgt h $ dilences

21Applicanhmoms nsi copr op@enomiaeeri al s

Nanomaterialintkrasiveedry used iecsaewseea adf atplpdiirc as
prodwua&rmriuonuisgue propert i etsr aidni tcioompaal r[iBsug nkN Prea tcearni a
be used for solSlae nt@d(l.2 01 3)s uecihh #hsoodwWlepro conver si o
ef fi cofeamlcymer swHan tcled A &Rid@ e tdseh e | | naniompatrhhe cl e
active 1ld1dgnyeanot h@&hi sadaddd0 56 )nt helsgNPe admp o uansd s

newl ectrochemical sensof §2Zher aglt hoos &dygadNtReasdt it
i mprovpdrfbemance oft htahte udskeede tigbuwemssrrec entimat i on
bi ol ogi cal Té$hampeHideest e,ct iootnhilsbasgetdectr ocsleeamioa &l
hadl most two orders obtmagnetederbo®wemiRdabmnseds
ast hfeu el additivewfasr reipaat3deldenunNPs i n50he r ar
nNm wer e panedp aaddledbtradereduce indet reomgiennsiooxns and
engine perdnm@®mBanhcaev.e been found to possess cat
organic chemical such as [ BénzAdrbg st harede mawnmarait
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descrabbocadeeg he thitghl y effective in antimicrobi al

antimicrobial agehat@wiclt® odme di scussed

I n addition, manydisntuarin rmatn alglaiomysrttrresgssei zwd 6&r om
mormeet aslhsevdmoren hanced ptrhoapeerrpimeetsal | i ¢ [nlagh]dpart i c
i nst Amjdenanocl usters kbioommo hevedupedagpharbeal uwed as
| abel probhenasédooygotseon| gbkitdfemay escencleaemchperty
of them imudti verdsiatyidtgdd sper si bi |l iithy aggue osisa ioll iutt
wel If azsoubabtempatlifhaiot hey Afnée @ll(d2 0¥ nt h eAsgiPde d
NPasatal ysis of chlorinaehkbdronghedcasoinmk&lnt sca
The resul has@®@Podwerdantoparti cles exhibited better
benzyl ahddobetdteer ml pagf or man.cel nt htahni sAgs tNPdsy, Cu A
NPwillinbesti gatcehdhrfacrt (eRheséade sse8San@h.apter

Two prfiamatrogr s i ncludi ng s uadmfcienedrffdaeddt eaptagnanbi
whywanomatheavsalchh uni quel lpMaomemdti erei aal smuhcahv gr eat
surface area to volume ratio than their conven
|l arge portion of the atoms reside on the surfa
they are also found to be ell)esduset dalol d oween cceo om
t hemresence of wunsatisfied bonds ipertwheiug aatlgmi c

and corner atoms are often associated to the mi

foreign ladMiotmls regamidesmt oomfuianement effect, of w
the discrete energy |l evels presence in the atom
si ziess reduced totrhmenacmeatfrienda ng di mension is decr

di screteveheragygyd!| wi deni ng fH&, e @éhjegsye bfaancdt ograsp sa
chemical reactivity of materi a¢lse @atamidieariagaet i e
behaviPar sexamdpl® nmsiazvkeg ahPave a melting temg
approxilmat,elwhi ch i s much | ower )ttloarmbet edtg.ladfy eldu |
SimijJaamdiyfde mel ti n§ pLodebesrmsged f umndcpiron edfe si z
varied from #22Zlhame23ifhgnnmeoempdamat best NP(z4¢e7 of C
nm) was wh7lOchl wawsr t hatinbulTlke Cuher mal ocfouNdPuct i vi
showed tlge osvareansd melst i ng t e mple irsahsutwial | | ower t he
bul k Cu.
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mplicity aAd s8howegdamliddyal oxides and chl or
picammgmnecur sogesl imr codngd ewlygioelsofa IBedi @lsysi s
|l ycondensation r eacstuisogpre ntsda ofnorom & ncsald lfudmiadanl.
stem from a | iquid fswmdodwrydnethoy darae a dotnitheemisg el 0
thod ofhemgédhegmrter mine whether to formAmn ae

rogel is obtained when the yl iaqg,wiadh Meheacsgee o fi sa
tained when the I|liquid phase .Dlie af igred!l ipr ordeu
oduced when the gel is calcinated. I n additio
en the sol Tihe @dlvaint atgegsedbfpr ocess agr el oenmcono
ocessing aredp-eeht uokl ed even f[@&rMasnnya lrle speraordcuh
oups repypnt bdrsiO:maomo mat er it ditesd euls inmmggt2BMa d On e

the methedompl avel yedi ssol ving stihne apnr eectuhr ssma
l ut 2 Hsol uwdasont medded t o afndr h otweedmg ®lir ato® m
mperantuirreat ifgodrd houTbe resulting gel was fina

r- 2 hours. I n anodth.e(radebdpea i smemtt h Bl BiViwaaehl Zn O
I mdg t2h/gidnc awa$ e as a precursor, whi ch was
stilled wat®0 .ahad aresadledt & oet h a:@.one reen da dd®ed H o

e soil ot ubfaved?24 hour s antodobedNmssCOHB® | e X
nopartiadldems scyamt hesigeréd tley heobue as weallll.y Ral
einldeeagent and ci antbeaadtehietramobltuateinoonpar ti cl es
mpos@&d, oAl , eTlie ngnai8sl@ehacr acterecgaki snhbhbwed
erage size was betwpemdaid7tr baeodldad Ah'mo ws t h
ffereadladsghéey f or mat-Tio@NPBoMasAgd et etromiunseedd for
gradation of methylene pROE under UV Iight ir
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through a hol e orl iogaus odfé n g aupriodeecirogni mbgr e ssure. Som
furnaces use | aser and plasmacessmemgy otftdfed amee
evaporation of small [mMiécfrtoemdtdrhe ess oy agrdc!| es
then depotheedidce asur f acehe bparifthiecnldée 4 f erence betw
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i n thebetawndgen2 5 rAm a rtheessdeh ®I B caalns HrSH r o m sniuxd

ti mes fabsullwmOt han
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Vaporised
Cooled &
Modification
produce
| :r:r:.lct AR915 200 MU KISK S

CuO (by TEM)

FigurgefimaE plasma pr Cu@sPs§ 3. Dhige nepr a¢ ess al |
contoiugas phase pr odsuiczteidonn aonfo pnaarntoi c |l e s

2.2S50dni caecbni que

Soni cattichhmi guene of ef f etcoipiowtne phoocksgyngo brea
compoundsi wor | ficagrl i faduirst pheegrs @ minn[a3.9 JeAn si gnal gener at

ultrasonic electric generat por wlirciomeresr tmsi eazno eel |l eecc

signal into physical vi bratabnmodAément ampheéefipc
sonicates the solution by <crehmiomgtaeaabyy mfor m
coll apse generating |l ocalized shockwpaesjcl®s d
eventually.

As s hoRving uBeo®i c atiispprer ses suspenspoobeesthiecadi

or inddilrtercadgnifie penbhdle rect comntidacateicasiug pehei on
medi,urhereby glkinghaefhgctive energy ouwiinltee i nt o
ul tr aproenic i ndi r ecits ssoenp acraattiesodns p € o sni -& thhep ®en d eor
avoid dtahmmaognei c p4.0 plnn gener al , many predioeststu

sai caddoobnt ai nmalstt hesi tedmpartifcé4®,dde® pefr stibpenm wa
Pradwarmi speCsellPs ul tr apwramuwelt eshaki algainly

sonicandoprobe soni caetviaonutaheodr | cwede udy BIgS i but i
dynamic |igHt4d23Theterwege very few Cu particle
shaking and vortexing method. The particle size
1688 nMimwhdi | e t he Cu NPs in prboe sohutabhonr Bateth
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parti c(ldeowsf 0o Nm28 and |l onger remai ndalgortii met r il
met hwada pp Ifioerdl cul ati on of energy density. The m
i Sect7d.on. 2

(a)

Fi gulBéaRi.r somnti catsi drel i eved hteo mpesnerhatmgenous |
particle ,dnspredismmmitsc a tsioesmues pend or awfoi d dama

suspensi ons.

I n addhaingmbssur face properties of nanoparticles
interactions vary wi t h par ameters on particle
par amet er s. exoessiveisonisaticm may @ccelerate aggregation, dissolve and/or

form complexes wi t h surrounding mpdBlumutcompesunbedmhnesi ent
cannot di sperse thédheaebpaegt icrhaels ovenddi.ti on fo
di spersion must obexartraigmi nsesmemh asot oyiltdl og
foll owing parameters had been namkegmritntcd ec qrmrseipd

process in this study

(1) Temper at uraer:rge amountcan toalke hplaacagitnhecont a
ultrasonic treatment ,preadeéesny d0 tcihhmergpas Dd:
components. | mmersing the £oretleichtarng m & iocdo

conductiviayecoatammednddreeds st ot hi s | ssue.

(2) Sampl e and c:ontchreentamaumtn of ener gy pgearanwsrietr r
volume is expressed as energy density, an o0

evaporate of t he tl hagounicde naorfda tsivcoy edlasiedn of whi
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can further bring particle colBesiod®dcaleque
overol | i si omaaocsabfe@ard mantfa gl omer at e .orThaugsg,r etghad
physiochemical properties of the suspension

suspensiaofnf teitadt ke fsfuescpte nosbinacre ntf rA@t]i o n

(3) Medmtthe property of medi um a cnocul sutdiicn gwavvi es csopsei e
chemical composition can influence the eff e
examplhaet, f f eammomsg | s 0k utciaman t rt bus@ahtent-rati on
salinahwgbhbr viscosity wil!/ greater attenuat

water.

Al ong with thoset menwitedhreed caolmesv ae ntghted ompse riantcil oun
of the in40Rare nétxlaenpil mmer si on depth of the pr
should beaddt oll@easstmmway from the bottom thfe t he <c

geomet r yc oonft ati mee r heavily influenced thhéiallfect
vessel with the small est di amet er and fl at bot i
becawséng such vessel increase the suspension
|l iduéexposed to the acoustic waves. Note that t|
the suspension components so aluminium, stainl

mat er i smmb sreeacoemmended
2. ®2Mechamiddl met hod

Mechanical epatimg mhamnoietefac utredd shghveeat accept abi

especially in industrial environments due to it
and heconomi.Ducostg the grinding process, t he me
medium to fall from near the top of the rotatin

nanoparitn cdyelsi ndr iac #h addelt@oddpefdr aothn cr ometre t o nanc
undetrrong mechanical she-amnminegl edr ¢ca, aan[ddndelré po
Thewwmai n psofbl thgyowmet haordehcceont a mi ntahreiacmm mak er i al
byni I 1 i ng medi a aad/wep davtdaess s g lo & 1s eelsipdiactirihad nhyi ghl y
energet.iFor milnlcdsomnc@auoud olgirgmeli gy mihlallasar cause

more iIhaaRec%Wnt amifnracr © @ | bal | s [ad4dd] ] ;o ratdedhi @ @ rosn |
mi | Imedgamifl i ng i s ncdsfiam@dvi Ut be easil gacteiaced ec
met al s @&lTcih aanfdd 4ZrTH® S maien rsewshsgohni s met hod i s ¢

getting dismissed.
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2. 2BBbosynt hesi s

Recent years, i t eb-bs i baanddhoyhfooxaipqur @aach f or t he sy
nanopathbiiosl yerst h €dit s-opnet hodmuseeor gapnliasnnis eoxrt r ac
t o eawitt h the precursor s ,t aatnipdeaondoupcaer tniacnloepsa rdta cr ce
use conventionaf obti-ooedacthemi ¢ alidncEBGmhiamge ta.n

als.ynt hetsriiseerdguNPamd sphgr iNPsiaapwra | eaf extract
reduci ngdAdgentding to the amouhne soifAizushH sobes rext r ac
range -@8605@mfihe f or mati omg oNWwassphpe roixc &nmba.t2e | ym

Mor eolvieant,. ( 20 Y @)ported pa odumfAigean owb yreesd u cotfi on

silver(AgNdPwiatthe sundr i eadd Ireomimpexkst.&jtewas found t
these redmpondndt et phady a reducing rofelebat a

capping and stabilizing agent
2. 2ZMi crowave irradiation
Currently, miotewappeli gde in chtamccal ei ade@sthgm

reacti dbesmiucsreowayv eg erneearcattoer ef f ect i veex aonttleyr ndad | ihv
el ectromagnetic energy tof 4%he Pllher wHesrhgyges s
controlled microwaeedi gahvedgrawd reduction in r

Mi crowave abelwmot tugpmmet hod based on the electrom
conversion whefbeemtadgemetl eotdriimhde praampag atail dry

perpendi cul ar[ 5t00. eAdiw]jhe vt earerf t hlke ewavegysbobored in
and magnetic fields is comrgi digi-rbdlyes o D@ tshmatl | i te

produce ionization, radiation damage or any bre
Comparing with conventional heat ibodfttceed lemiag wee g ,f
synthesis time and obtain a smaller siYe-9f t he

Hand-woa k(e2&@8§nt heAsgi zZNePdsvi r onmieen dl vy using microv
[ 557l NsOvas heated i n wWatldrowetd bDY0 adddngroedatin
agent slGGAfctoemds, uniform amMNd mwenroed ipsrpoedrusceedd .A gT EM
that their uasvienigh-bg &8 n eaeragnidnilne were 26. 3 and 26.
respecthkivel ge t2hne aut hor st halss dh ocdommgarhedc onventi o
which required | omdgerodeatetidndg arigmes samzes.
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FigudAsta.dy on t heAgNWmptrleepxairse dd wsii mgt emper at ur e
150 f ofral)howronventi ona&)l htheerasds nwngnt i(onal cjheladt i ng,
secomidsr owav ewhigoahtoiddugcrea |l | er par tNRsiet i gleo of A

reacti pB.21 i me

I n anot h@uNPs twealrye pr o dni ca d wiasviea thtehaetyi nvgepreo v e d

byaddiansgcor bi ¢ acid (reducing dddnin )t haen dt erhped raat
range of ACQ ttchel By nshewtite sampllleest particle si
attOBACbhecatubsewaes dynamic equilibrium betaweémisuc
temperatur e. Fast heatdiompe mearmgptsa habl esro ncaorn@aupr a rbtuit ce
NBwi very hi gverppruodivtcyed even at the | oweAsG) synth

whillaer gmellet er o g€upeaorutsive t e s generl aotwe cheatt.i ng r amps
23Nanoparticle ctheachitriteeueasz ati ons
23. Bcannreilnegct ron HiISEM)scopy

Scanning electron microscope (SEM) enables to detect the sample information and

crystalline structure using a high-energy electron beam. | n contopastcald o mi cr osc
with 1000t ailmes m&ghhiafsiheedat 1l ohy um trea giiitfiyme s

mor e ddatnadiolremd u rofmaccrep h od nodg yel dethraivé alr  o[f 5.4rat er i
Moreover, further advanft agteep aorfatuisomgp rSEdMe d nnveeod
and deeper fi el3D iimagg e g fadspdinificgacld mi. ¢ rl s c200p0ers,

Puc hadts.lpimd sent ed ftAgeBgsiung BSEM and o{bB&lTherst i
aut hors dAgNkdoh vand or gadi iccehdeo Iswuepnetron d toamdtas d |l ut i o
deposited on Au surface tSEMei mxmpewearce da wi mal IS&nV
of sampd enawirtchw parti cwas sa zleS valvesidntraifb2ult li3o0)n have
prepar eNiIBCa®tdudi ed the effect of reac[t5.®nheti me

needlikkapé OCOUR can bfer screlewmbgenandigepre pd akel et

struwtasr @bt amipndd 90 hourki,gubaeaplddabp®e dr eesth. al .
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(20 Mde)scdti tbpper oduofCiudlsf rodm f f eppperams@l desxtt r act
st abi[l5i7Tlle& EM mage&uNo¥ s h eevdt h ehyad s p h ersihcagple awi t h
average paartounde a2s0dmem di swasbmosdonMeidff @0rh 3)
descri belds e&srEwactbiacabgann otsu beCNTsd)i fwietrhent [05r8i]Jent at
Highly orlOTweerdd f gned per pendi cultahralty iosn vae rfyl astu
for el ect r,onwhkiolodeelvyi cersi warnt e®rddEMTestia chor e def ect s
gi viemi g u bea n2d .d5

FigubhASREMt udgu®nnanost r uic hfgrroens (cahjainkgpee dloe (b)) f i

| i Wwiet h i ntcheaseéadgftrioom @ itme 5900 ohtaduerusdy EMIi ng S

observdgad )t thdatghly weirenadakdggléldsperpendi auwmldar |l y
(d poorly omwieert @dd sONTOxered arfxd8lhad mor e de

I n other cases, the sppcoowarsiiess rcegue meidng oo utrlt
A common powder s amspfider p$EMairmagiomg i s tAy sputt
which paowmvéldestricall yteomdwnctei VvenatghMAigw& felsaod dut i
cewor k@e28sy)nt hesi Isdidag@ | met hod and character.i
SEM, FeTtlcR.7]Bef or e ZnaDhifpwe meg ,di spersed iuwnddrsol ut
ultrasondardrsapglraetisngofwetr e evalpwtiag lrals ® ndloi de t o
with &ultdy er i nFivaativHugm, SEM waaga gg&k® n ,0a0t0 2t5 me s
magni f i caitnitghm heeiha metf e plee rZinda Ip a mrtaiedgfl redtm 0 o

200 .nmhn additionZn® hKWwstdhormperstéhgt bempplaeng met hod

protvleratZn@GilElscagr oewen at roomafttegnmpehatiusbe
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Not only narmdnetvalnsg bmitccawor lga nv is snesAE MSzi endi | uanrdl eyr,
bacteria are supposed to be dwioé dtudbisafdmmdzeesne t o
i magi ng. aksowe werng mibcarcotoerrg agmrasdmmesti, nisn and a hi gh
of watkei i nddfuilssameitohno di nwihtgi alp prhdierdt H#ohr st r uct u
I n 1ABKYon tasnsHal @és crd DM me tolrods ofme ibmotesfaod

(suchyagantdhegs®29he encapsul atwedrwempbetd mensh buf f e
t hednehydr at ed Tihnem eet hfalneotl@f€ e a cstwarger o d u c drde elz e

f ractuunrdilenrggNp.iAllt er mel t i nlgdef armd meengesmnegnt ual |y r ead
be examinedhmget Gdaddal e s e ds ttyjods ocomeher simil ar f oc

Al ternatively, tlhievefiort efri xceadn ftoarpnb uchfefrb ancofredist, a r
used, there is no Reednt beytf.i( &l h g mipa nodyuecdt ian g
filter asddlosntircathe gudEN | magi ng o fanfdwnlfli w eldy di atreod
[ 6.6Bpeci f,i mmat-dddyat ed wft ht eapgproorpereisactaen col |l ect bac
vir useerslauwacpdwhi wdircconduandad negligible .vapour
The samplebs ewdvyedSEMAd hecrompar ed hei 1 Ima goe aetdf
samplielsserbved9BM dhegasitaenamdp l(elss erbvye dEMT hey
concl udebdsitzhdaaacft er i a dmd i vhtyw migeesd c wk rtghusiod t
acculi ateceompatrhesodely dr actoeadt edp uStEtMe rpr epar ati ons
negasitwaéned, iamageEowyon Bien 2.

Figul&olkdaetngolmderViaed vinrusss B)g s(put uedec o HEM
il oni cuhdguiaBEM(TEBHO]

The i onimetlhiogduhwéhsmost accurattthe notcloenp atr we ome to
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23. Ir ansmi ssion el ectron microscopy (TEM)

Tr ansssniion el ectron)mipcopecopy2PTEMagwgbhseanodfedamner
of el ehcsttrheepeci asmed ,itrhteeraohieospeéeci mercrurred. As a
TEM hlhmasdvant age ionvarheSEBMnerct urse®e cd@etnthe as cr yst
structur e, mor phol ogy andc ast rbees saisetmaeide g hi nf or n
magni f ivhitidéonsymorcealdlyan 50[] mBlelki diEsts neaspabl e o
obtainimtgi nmanl ospatil &lssr é¢dh@anhutBQhp0Oomat ern 1 nm)
comparison of 0.5 nm of that of SEM.

Subfad wona ke2@b6osynt hesB zedohwgat ph@B®BEMeonl y
fodnt het st zepanAddgNPhvar, er es p esqthiewéa loyaln os,ovdh i € e
TEM furtheramobagetawattedage particl.é nsiazestafdy 29
comparison of expemoiompkromat Mmet bpABRPpDbScSRM

and WEMe uamedsth®i & nanopar thpodwhleesrd s uspensi on
formhe authors cOSBEMI utdlelde atshatapmebpodate® measu
nanoparticlaes eirzers, ofawap 1t at ddndanaeld daatiinmgg
sampl es pr[esp@BdmTai svagai mtgr eement with prSeB/M ous e
wa$ar dhhamacteridi agepar s ibtell eoqgw(eshsiting i t i ToEOAML | | y
hat he hi ghesctolslpeagetd gcbosnrt ai mideg uanh e mamlberarof cl e
with highbeualudepodhédetidoinmagi ng condi tcioommso har e s
whil e SEM redquwrigitesisopgeivmalal avenm ci tfidadn)

233Fourier transform Infrared (FTIR) and Raman s

Fourier transf orm iFnTflrRanrde dR asnpaenc t g pasrcéorpye®n b py
destructive tool ssi bbaséeodonadni esthpreac dteas cd6pcati on
char act ermazeotri ofnunocft i onal gr omaptseribadlis are prese

FTI Ratiexhnblhesgy the absorbance, transmittance o]
to measure a wide variety of solid andphrquions
[ 6.5T[he core ofr ofmeltRrspeact the Michelson I nterfe
spli tftieard,d rao rmoaawmidmign Te. beam spl it todrhet rbeemammil ti gt
striking it to the fixed mirror amWmdtheftlhecitcd anlk
oft he movingtemélrercotre d altghaemso pt iamali f f & trttelnet i fait>ee d
mi r.Abttehrathee t woabeamesc @ambithed be@maspilng tiemt er f e

andass to theé6fietector
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order to e
t he AT

few microns

An attenuatédtetotteachh n(iiAduRgl evel oped i n
s e nisv.ittlgtqut hess amel ¢ ighdt liyn Ipl ace against
beam extends
and f6Thehemairrysbahefitstofoatghiymghmode i
attenuatifiornasoidginanbeoumef avoai abbdeuieonso plae hshemigt h
[ 6.8]n addi tFiTdnR, acAadnRy clei d
t heiitn mator i @nenabdfdi sper si on trme tnhaokdes gamdind seé
pot assium brbmtdet peKiBsetiSsaltarmha01l2) prudmwatlt edd m
nanot ubwist h( MVifGINeTcsW a loln a l o rzgaaaniocn cwp Bphpund s
FTlaRnal waperformeovtildesevi dencd umfcti lo@ glr oaemapgani c
MWCNTssur flace ur nedhebandaracaut/bd 63fcor r e s p otnhdeeHdO t o
stret,ahtim@H stretchiswwgrei bbbetr we&O 2 n0d0 B'icm

A pealkl3dDt''cilorrespon@iamgp @ak Aa0t0 Icrmrr espondi ng t
CiO stretchiwgreiédlraoilohsaanrotehd®et asn-Galyi h2a201 4)
synt heGuN®Bdé d KBr wpelhl ¢ the
gr owtCuNB$§ 7.¢JT I R
surCfludBe. oT hesien chldhundda t b t ava d

2838 "'"wmorr es p-6H-da ntdo 3§ CrHo uppsy mmet r i c

fraction of only a bey

returns

s amp lpeoswdieart hdeipsrpienr si ng

tihse

car bon

aid of phemgrt redlhleirn g nt
sp€at N®softonfir medutnltati otnfadr @ rwe
ban@s and

st rbeatnadhsi ng C(

gr owptshe

1623 as®d0 tcmasnydmmetric strebahidslgla®f a@@0i847 cm
Howevtelme fundament al viof ameadaal g edarealtli yog
the measuring range of ¢ onv etnmeitseau ssli aclTyndget s pect

det ectiendd rbayr [ed1l JITihgghtsummary of FTT&RblsgpextT a i s |

TalbelRhe tabul ated s-membr §nestt rBehfckEllg
Functional group O-H C-H Cc=0 Cio
representation stretching stretching stretching stretching
Wavenumber (cm™) 3500 2850 - 3000 1730 1100
Functional group -CH- -CH3s Asymmetric Symmetric
representation stretching stretching COO.- COO.‘
stretching stretching
A 1450 and 847 and
Wavenumber (cm™) 2901 2838 1623 1123
Raman specity obzopyd on t he WReemaoi deEheasammplte

t hphot onhienfci deinabsonghed
t he

r e e mipthtoetidart

i nf or matdikomm wnRaaysl @ir g le Isasattit.ce rHonva v e mal |

and

t tehmamepl @i mi#lhiky by
s a me tfhree g unecni cdytohaliss e s

not

of fer
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remitted photon gain or | ose ener gyoansd htihgeh efrr e
or | owdarienci dent Phios odr-5icakldisegdh er f)o eSq uoeknecsy
scattEelrowmgrqu.eSnicnydeSt o kRmsman scattering is most|l
St okRemsman s caSttoeksecsagyt eri ngneasumadniy Raman spec
[ 7.2]

It is common to combine FTIR techniqgque with com
the nature of the mol ecul ar ntirgaunessi ta roenRsal rdeaiit eweeenn
specrtersaul ti ng f rRamaann at helFasgi process that occu
with mowbdewukas | R spectra result from | ight a
[ 7Bpr eoR&@man specragpwsichoopgsarsgé hppol ariefabf unecyi ona
groupswhet e@alangf® hentrdnpoke wmamerbte dkeyt eETER
spectrolshceaxypaneés that are strong either in FTI I
to be weak in theAst her emampl me nseymiynge m i & a | mo |
canrmhet observed in FTI Raspéet ndsstorpeerdg bdiitipro It e mo
Raman spectrosthpey.exAd tfadncoarscvwearRreaehdem gd hect r osco
measures rel atobveatftrardaiahwihesleRsspFdctr oscsopy me
absol ut e forfelgsucernbaedde ¢ &7.d¢hrutsheeombi nati on of FTI R a
techniguedlue cthar azcet emponents of 76he sampl e

Costeada . (2008) c hagiamg ek lidzdeldw el | ed awal losud b & n
nanotubess, ( DWESNITMWGEGNTTr es p eustiiRvganayn) specft f®]scopy
TR rtdteypeGNDSE shbwendd Gabauo@é 01 a@0 fcTrhe rati o of
D to G bondas mead crad eaf i t Wewubb$ naIWMGNsTa n d
DWCNslbotsthewahi ghat iiontodresfi tD and, GwhiahdshVAaMCNT
the | owedsuevrulbua pl e grraedhiulttei dgyiem sggterau cetru rnaul m
defecfTdi siwahebmheprubl i shed an iadt icaitahidgre r Q& ke

i mhaeggl omerati on st at evaodyr B-dmgodpriadr tbircd aedse ncianng o f
Raman mod®Rgshatd. ( 20 p3 )e pdedCrueNPd r C ( BLand di stil |l e
watesimigcrowaveamns lad sntghrRemameaks of CuO were obc
282, 330, dn/d Jn6 1abn octnhuesri msgt fumleoyd anced Raman, spectr
CuNPBweriemmerisedy st al vieondtr ismd @d o winz badf tveat erh e
synt hesi s aonfd h@e s Mthsosve d t h ec rsyisgtnaabln voifb &€ e,Cuo fNPs
whi cile tarom@stceCchi ageomodespobh@l 585635 and
1,444 ‘cmhmadiiltendi ngwmodesbater¥le,d 915 aad @&edlcm
Si mi,yhaer s ummBa masat fr e ticshilnigsa belde i2n. 2
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Tabl2Th2e. t abul ated s-memar Raméinadoyv@&bB&hHing

Functiona Ar omail Ar oma
fepresent D baiy G ban CuO CiC CiH
P stretq bendi
1619,
Wavenumb®r 1350 1600 282, 1535 51171’
and 6 1444 and 8

23. Xr adyi f fr(axRD)on

Xray diffracnioothe( XRDwoidesh ramrcd i vfobtoga chhh mirqgueni ¢
and i nprhaadient i.1ihhE€RDoax petr hnmoennotc,hr o-ma thie@a mX

interacts witdh phedw@dmplet i ve itnhted fffaXaecays and
(peaks) are detected when [coQ]ditions satisfy Br

81 cQd N

Wherdé s the spacing bet wekien tdhd firgdapii,degtnpdimn eg e
andi s the beamAwsahvee leeqiugatd i mant bl € f iteheet sr el pf i onsh
the wavelength of elwictthreo ndaigfnfertaicct iroand iaantgiloen and
in a crystal Bynescsasamphwgi tt hienmedtaan®d beedg Ireasn g e, al |
possibletmEgana&ayg s$hngnal shoultdheorhesecpedksd and u
calcul ate | attiicdee npairfaymeFtbeer sc paRpdaec e, a2 0 R& u d

used XRD teahadtywseel tbesqdr7idnge bandfunrteaabshedi t e

and matre emis-t heag e di r ectitl lyehraeslea tterdawnesbpeec canat el y
measubbyw dresi dsutarlkesssof methhest, XRD has bedm used
addition to the usemodercro MPRD eirngtat i meant s are c

in the | §8®&]nl9t4iss study, unknown subswuances
nanopartsi wlee ¢4 .

It i s wortthh e tti eocnhi migeween huas | f pe d tdemd e Ifyi cati o
unknown crystasl hceei matienieacmpn i gvimit hi ma l sampl

prepariant inoorst @asieas abase iidenntedidicraddsobosnt ances
[ 80, 8] aXIRD tti @wmch nmn gqu eroaNaghhrar t i ¢ | ec osm pzoenednnt ds

t hneat erbivatl sheé tsepuant i t ati ve plhcasyestiddermdtirdi@dcert mioma f
and residualtic8t1reRrSeberrer deguratiibers t he broade
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peak at a particuwhparadiffraetnabersanpgkec(ystalli
of t hke appeahal f 19[f8:2]ts height (

0 _
" TmE —

Wheres the crystallite size in the ,diseatsbappe
factor ,carssttahnet wavel enagjitshs ot hea hkei Xe broadenin
maxi mum ian€einsitthye Br Rhlggi vaansggd ret h i(2 0aln0d) Aplraegpaarr e d
NPwieal ectrolytic cathode deposi[t8i3gihmgt hibhdeeatv ed
three paald uats »f 43.64A, 2GPONA, ngnd 0741424, c
(220) pl anes. I n addition to this, t-hbept eoadir
cubic and smaller than 30 nm.

When char acacmpo smaiteg X RD st ec hanlosleogybeen found to
i mportant rolthdéiar dperuosprentitniiensy and c.d mwoeath.t ealmat ¢
(20 mBddnet-mdt ri x cscropnpoistead of Cu Qatnad 20v evs t g At e
relationshi mi béi madthfgeimedper ti es of pBaOhEnadg powd
di ffraction resumat iranfalli echmébmpdsf feafCui war peak
observed at =ar5QuUAn0R24 Ae AiB:ver ef observed 3a& ar oui
and? Whienncr easi ng,tnniel IKiRnDge nisifCmiei @ 3@ wAld ecr e;,ased

and dWilréaifcrt i omwepberackass@Gensequentl was casclthédedrihdi

ti me idcrtehaesseaverage crdystal size decrease

n the samebdyacsé @0 )Nt hetshi@NelEu @ omposi tsé mipy ea
cheminteatlhjp&85] They itdleemaniofciléidrONB by charac¢cheri zin
di ffractaromuddeaZinsdd whihlee br oadd p2esaloratesiond
@ heexagonal gr aplCiNiTe) st wht tNTes @ s f ibseuranade ssf ul | vy

—

ntroducedmpodihteee average crystall iwaed lsdrzef oorfe t
cal cutl @t3wal MM he same study ,meSudithoal &0 L& erdl IX&RMD

o identifAgbNP&Fme hetti cay Pp8Akarmddvads3 .idlart2 f i ed
aceated anAgNduydbrithbéeparticle size waoslbZzel sm. est i n

— o~

23. bnductively coppiledl pémismai(dnOEEPlect rometry

l nductively cooputpilceadl pelnaissnsai o n-OB § k catll redorae trreyd (t IoCF
inductively catpimed phmasmaon -AREbéecomespy atli Ck
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and| asasniad yt ifcoarl tthoeo | d eatnedr mg waar toibfnit o aatcieo neT leane nt
technimuekV esthbreoinnsg exci t epch ott,@amsetiehleena sceatph eiri ng
measmeetwavel gamgdehnt i fy the chemical species ani
i norgani d 8#&lhael ymadisn ad@€BOHE S gtee oifsilghatoftihgh use
el ectr oma gcnaegteince rifditgede chp e r aitpu CEB0/WK i icd much highe
than fl ames ,30rk)f lnw ® & c aecl{eBnreyn t se xceatht M@®r e i mport ar
si mul t achetoairsmi nati on ofcamulhle ppreo adoedoendntt@mnihnat i
fremectrodekesfusobhe®EDries ncCtRedb hlegtasvies anhbit i
al sof barea bdleet ectti omn dwiirdie | i near[ &%namic range

In additi-OoBmSpdudtCPvely coupled plas-M&rmandbs nepgect
| CRi afmass spectr ometteabt(eMSg mapsddaeme r awhbchbhf i o0
provides extr asiondompd mankhs dat ermmisn aitdiyommd e imret al s

el ect CosgmpBenteots. (200 =)pod CHEhathi gher sensitivi
accuracy -OQhS&areglaChR®| esst hb@uewlreaneladre i agp adfarnt @m

t hanal y[t8e®RBJesi deasn be used ttdhaedaetpgrems nwhose conce
was elvoewner t han tHewd\laei,ts éetaulpueand opeMBarieon ¢ oO:
mu cdr e athearn tl ICBE Sofsy.st em

I n @&nhtei mi carpopbliigcDauteit o f 20 5% )nt h eGuOzNeFsIf oarnt i mi cr obi a
agetd.dlhe -&CuNRxhi bited highly hbgatbmssdahdrdiadhieaf fd
(E. )amldihe Cu como etmileapwps oxilnbatheiph ¢PES analdiynsi s
et. (abn11) chatrtraect ant zbdct er Aglli O awp &clotrddees| o f
strudtowBeef oper f ot hielCd®ESmeasur efnrernti on relhease st
sampl ediwsapser sed i nadil stwieldl ¢ d watbead domt Midftdag d
was found that in the first two days, the sampl
t hieornel ease rat@paeicfoimaaldldy f ir st , second, wfaisft h
f ounldle concentrations eoG. 023 ,eaG.e@4 Ag dpaE2 rwemnd
per mjirld s mpengtt vevlays. conthpdedughlaeaiObhpr evihqt

corr oassi owe | | as contAgobnt heleexehedaind rodl ealsge t i me
i OonMAss a rtheedgl EINBwi thr e/ssthred gpteurf ® e xne d li Inéhn tbn st

agaibkhstcol i

I'n this pOBOSvekttl , béeLtBisceyd dloe me ntqaula nd m aliyryesmi sc atl o
composiamilomsachi ngmeasdihet o el ease of Afir o@u, a
nanoparticlseasnttihhatc teffilerdasef iSedcted3 oMol rClet ai | s
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Sect3d .o3f obr preparation of Sleemd mBfacdbr amrad pyasri ast iaor
|l eaching study.

23. Blanoparticles traakdymdanaocal yvs c(allL(&hTaN)yg i s .

Nanoparticles trackinmgopaaltgechend NdAYy metalsaar e s

size, concentration andidishe ilbtuag@&ctmfaf |nagrud mar
suspenBaisceadn a high i-nteuosi bhgtédsmicr andlopi c al 1
background opticalNTeamfniugsuersa t a-e hnisgiht i vi ty ScCi
compl ementiaxyismet abn CMOBoamdranadtyhe | i ght scat:t
and Brownian motion chariamt lear tq &bt ld rdeph o t Scoabhne o p a r t
be di sphdyetvdsalalayndéddajirze di st ainhudibsyema agrea m

el atiemMa.gedThi s is differeatrttfcbe sb@VE@DiSmetralods
photawmrelspeconogswboph use twee gihnteedn saivieyr age si ze

-

aggregates hydreosdiyinmeamhtiec parti cl et osgieztleisairsa,n dN TdA st
hashability to -pneratsiuaglee mmd X ti etcriedsofk@mmdc e ntorfat i on
namar tsi. ¢ & c o mmetntdaetd t he required shaempMeed noolnlc e n t
18parti dl9elg/ ml

Currently, due to the better properties of nan:q
dr ugberye ai ncreasingly used in drugs.NiTA mWasi bbs
abitodeyect small changes in hydrodyngmi2tleidi amet
etal(.20kX)pddtrancer treat ment met hods¢ okealued oo nNna
specific cytotlbixi efisityoerpadigielue X ng@n d h e N& Rapnedr iDnheSn t |,
wereemp !l oyecldan oettlreeg izi ze and polydispé@heytytafeda
compared with most DLS detdddtgihen wayxctuerms,y MDA oo
di stributi on, while the size a.hlanl yaddi toifonDL S hi
di stribution detected by NTA is al most Gaussi an
scattering dr9.3ggigs egtaggdisomahs o Bhowte.d( 2oywh)o

char actnearniozpeadr t i cl es anduahei fy sthohdlyasmbaes wift h
polymeric nafdpheytequepped NTA with a 405 nm | g
bet ween plasmids and polymer nanoparticles, an

nanapgdcle, while DLS cannot measure plasmids t|

I'n other fiamahopafrtstcidiseandweretascneaggdegat e
NTA and the DL SFitladpheh 2@ laessh dowrri igmu 7 9.2 ]t hieT A

me as ur etmeestemp | e snevaesrueg edh WBHEiION § aset r jamidihiela$ e
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meas umamnead 683 He | adet @btrunseconii8t r,bmwltihcat
of whviecle al l pest ablhethe mperadther é&dut hors confi
compared to thbdTALSvimdeHdodwnr &t eneasur pglentth i n

e
rr

monodi speprosley dainsdper.aé¢t samghedNTA technology requ

consuming and operati on,alt haed]j uasdtvnaenntta gexsp eorfi eMT

i ncl(udiesual i zing samples on a madriet o mf a8 Immu d wind

of individual partantedBgrzex iamad ei mptaernt saiatbdye c
number distributi onNTA tobwas nelds ;a fboeu slkert &raesseo |

on

ut

it wass affected bygmahé puenbenc e@upildadgOmapar t i cl
by mhert ur e opfo pduilfiefaéeirioeona f Vvireicdah si zesbezcongadysandb

respec[tlvel vy

60 nm beads 100 nm beads 200 nm beads
50+ -40 2 ~60 401 ~40
- _ 501 - B NTA
5 o ISTIS\ 30 £ 5 ;glg ? Ew [T #os |58
& B OL o W 4 0 @ u ] n Eall”
g 1 2 8 2 8 3
f* L0 8 5 30 g 3 :
£ a £ o % @
g d g g 2 Lo £ & <
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. 4 ,VT
04 AU D - a0 0 971087 L \Z 2'*_0
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Size (nm) Size (nm) Size (nm)
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40 304 r60
£ g [ A | 8
8 o {2 TILLl, 0 0
4 3 8 El
g ] =
2 2 2 10 2o =
b £k 2
04 :’ 14 .9 7™ Lo
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Size (nm) Size (nm)
Figum8i 2e distributions from NTA and DLS me
polystyrene ledafd&lby Filipe

NTA pirdbed mor e eamcecawsrua teemednitlizet t er r e s dlhwtni Dl So f

in both monodi sperse and polydispers

Overalli,s rNeTlAat i vtee yhmiegwman t bamp | e rmen ail tIDd s t
indi vincupaalr t i ct pac laean alsydsnehlrasarstdhathe resol uti

a S

e

or

polydi sperse and/or h e t arr emugcehnnepor uofveSilmmpIlueg ht  hes

Vi sualadfz atth eo nssaempal |leb,enef i r ifchomradfaneparticl e
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I n this project, NTA wi || be wused nt os usstpueonys i @& nw
revebhe difference blRedpiwmwdnrst hadnmdeamcd anocpanonfi aobhes
exposure to itnhheagnme cu ® bomedi um

I n addition to size measmeesmert a DPovBheéeathh e Wsee
expl ai bedObyhe6iTYhi sads hwmwehrnt t he t @t adepemmedsgy (
t heombination of the eff eg)t aonfd evlaenc tdreors tWatail cs raed
Thel ecttriocs traebpeuclosrineoor easi ng when the paAtitthes a
same ,thiemei nterference between their el abirchcal

requires some ener @y t & e o otehheeaormeéddaenrd , Waal s i nt e
becomes more and more attract, vehiisshcaiumieldarbyp a
nanoparticles as an example, the van pefFrsWaal s

for

u
0

interaction of the rotating or f l.ucTaikaitn gh g medti &
0
cslbe van der Waals force demidmapied ddiel o me rea
e

andedi ment4a2t]i on

Eventubhkl gmall er value of net potential energy
the total. iAtt evrearcyt isomal la ddiesetpa nactet,r atchteirvee iwse | | [0
repul sive forces, whichvabsAeefber e@d st ancthheel mec n
energy wirldftiplaesesigh a maxi mumieantwhhgeyp blasriroineri s i r
greater than apgdirumnmclteisosn.t PAd pairitsi cl es have enol
overcome this obstacle, Theyhwifghtremat hi di ppte
can be indicated by the magnitude of the zeta

bet weemohihlee di spersion medium and the stations:
attached to the[#@8Fbpersed particle

24Nanomatwirabmtlismi crobial activity

Bul k and etoaMdsrwint h ant esu achrhogbkGueClu Garcdn d av e

been known to inhibit microorgani sms[ 88]HF®w co
e X amplnec,i Feenrtsu saevde s s el sofGuadaend Ag for water disin
preserfaAklitomdh Grheek, Romans and Egyptnitamsuesiultso
cont act and udeal darhg st imeed hotdbe enhtecel wadesirahb

Unt i | reaemntnygeampad h@idceleensgi neerwehd ch in turn inc
functiitoreasl and wiprlopenthesedompgat ednal [b8]l k ma

Generalslmal | erpasritziecl massnoar e easprcecnhneger tanthialvaect er
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whicmaialy due to their | arge ar €ar of medkepmisey e
antimicrobial ndmoparstad dbear e(l AoMphNeRd) tablly.t aeovlaadi me d
t hatf drhmwsl cad i teadsn, Ag, NemadnsMi®@ wed stabl e inhibitdi

against various, de adcdh yapareBuas gacenrsuy g9i9n o s a
24. Assement of nsawi daapharitnii cclred beisa l activit

Curreans lyat hogens -dorewcgp mree smiudttant and antibiotic
i nactive against,tbertaiimc rseugpseirlbgugde mand on di s
decontami nat iorn lpgalttelsparsdeftcaulllaircc mweopaf bunldet
per fotrrmnmong anti mi cr dchbairami negf frreacrdafisd PwidthimOddut i s pr o e
11 di f haemroermatt er i al s and f ormul at iQrnagmo smetrievet €
Staphyl ococ dSi.s aalurresudss ame g a tPisveeud o monas dRre.rugi no
aerug) ndbsaxteri a, pl ease refer t o Chapter 5 f
antimicrobial assessment was performed by coll a
met hods:

(1) Pl ate count met hod is one of the most com
concentrations are estimated( Gklboeduwrtei Mg dc
after exposure to nanoparticles. This is p
and spriekandianngy agahempl abheubating the plate a
and calcul aft 9.9gT htihse ncefbhod i s economical an

timensuming and | abour intensive.

2 FIlow cytometry is one methowhebactt easielss f | u

aret ad and hemermbr aamepgenetdr]atOel JAft er itrheeubat i

popul ations of |ive and/or dead bacteria a
channel s. Al t hough this method can rapidl
chall efigdd ow cyebmetwvegl arkarge investment,
and unavailable for determining species of

3 Quantitative polymerase chain reaction (qgqP

ara@l  oeommonly wused. This method doe®rnat re
because it can offer specific targelO0O8knomi
A viability polymerase chain reaction assay
dead cells by eliminating free DNA.
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Theeseapruchhl i shed by UCLfI| dwteydmunledr fehhden & esft
met lsadad evaluate antimicrobial efficacisdsn of h
suspensiegan aeliabl yanguaretaidf ycellil se wi t hout bein

presence of [n@%Joparticles
24. 2 Silver nanoparticles

Silver has been dmtnigbh &prtoospneaatiel ehsaevre na i Amga NtPisg | e s
have al wodbkegnapplied in the various fields suc
bi omedical industries due to[tllDBijevéoawgeodi amely
od5nmAg NWist h a concentr &6eg o npLegrrfecantgeera wtt than nhi bi t
effecmanogr amegati ve bact ercil ad.isp@gd&lbieso cMol er ae
chol gSalemonel (Bdy phvami®i. a e r uagd mprsaax i Smalt’ €FOW / mL

[ L0Zhe authors bgpemdaackisd rsiesdhngs NdPfsat | mayt hteo

antimicrobBimstredfNNdRaddle,st roy the metabolic acti vi
membr ane damage t o whacacthe rbioddpe terdi dgtegi @ocnt iovfe oxyge
specRO&©$and DNA eddmaddgdi spl ayieglueAc Qor di ng to | it
[ 10A) NEPsal scnduce pitentahned bgaacpser i al me mbr ane
accumul aAg NBrsde f or madti cdaalesei ng cRilnaHdleya,teitease o
Agions is also considered as wthieic imae rna-&taevietrh c i
SHgroups of enzymes, |l eading to [diG#,upitO&Jel |l ul a

Fi gur8d ER. i made s aef ubga cntoetrai cai fahaeg reinfti. ¢ ad o rotnrso |
sampl e wiNtPlsogb)A@and (c) samples t hARdQNPWerOleinpr evi
mi crobiology, the minimum inhibitory concentra
antimicrobinanhopaglkeiiiasl e¢(s nhi bit t he grouwt ha of a
det er misraitdsypng A g eNiPustgatcot @ ¢ ytphp r o x i nPaCtFeJl Bo.f 1 0
coweérceul tured onTl@gagNP psloatuetsiao s awmiet2iedr maaofd
concentorf@dgi/ainn he datteri al g,r owlt indegb yN B7| 0WBta itao n
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concentorbat6ilmn mL compl ettehley girnBhwtbhiatdAs]st udy of A
NPsuspensihowsd that they directly i nhwibtined t
investi D@%]Ji ofnowansd t hat Et headp gr © ®r3ma3t,eniMhi | e t he
MI C S.orauwaesusmore than 10 I hsnepamndt ¢ heXagde r imad nt

(200Mhyvestigated the antdtbabereapayofl[PEIiIW]Thegs r
suggeshetdmpared with sphapéedalAgaNBsrotdriangul a
shewt he strongest basnt ereidaicd anlg E.cdhtadi onkiiitdwii Iri thy gdf
atoedensity,samfdagve s & m mMOfNeOT he col ony cwanp | alt ned syt
i nhi biltegd ody t rAghNiPgamaor e theaeganld®.c§0fspherical

nanoparctainglspecti vely, signhddcphnetwtylra an@rvieat al |y
1089 of-shaomegd NPsAgNver e unabhieeve® t he same eff e

Anot her study c-camcde rsrdeadp etnhdee nsti zaent ii nepsc o @ Ehihd | ac:
the small erNPsh ade tof atAigmi peolbhioaimance agasiinsitv eGr
i ncl uSitiaaghyl ococcus(S. epi den mindBBaci | | us m@gater i
megat elGrameggati ve Phaattenmgath@osagal i ntcd aldringdg d a

al bi €Cansal pancéasnpser gi | (And gleitd@iThe aut hot&®Agoncl uc
NBwerpotentially applied i n-adlhiersiioels, wdu md i d ma

coating of biomedical materi al s.
24. 3 Copper ramkidepmeanoparticles

Al t hocop!p € rCui)san essenti al trace el emrcte s $ inv emo
concentraxogefamdn be tokilt2hs wa@BINRA iavyve | ower
econontioccsathd wi dehi bi témonAlgiaBg.eCLY4lent Iwi,detlt r ee
recogminzeédni cnmechiaalbosOuhave been gmonpessterdirnor
mechani sm€u(afsi wetklkanadsni sn havheemt alagti i ty for F
product i dcrenliyont hmee i Bassb eRreact i on

66 00 0O 90 606 0O 0UOMHab-®ei ss r)eacti on

66 00 66 00O (UO(Fenton Yyeaction

Il mhe product i onylorfo xsyucdnr aRIOfSoadmsanh gteo a r ange of
mol ecesbbebgcawssi ng mut atiloS]s i n DNA

CuorCd'i oms@®l ®a@asti 6 gmbiwh &hN-orOcont aining functiona

form organi,c ecampl eagiers nt dee foeacrtf or mati onal struc
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and proleB8lntser n@toCetiyoons i mayedeisvsaetnt i abncel bobar
by formi ngoacemdheReset al,lie@ans ng to reduced cell
[ 11Rdikntghe i nhEbi caadloianof xxaomp@uese auee t he decomposi
FeScl uswhai ebsehyi aeikdi stamidleyhydf at as e fEe n zcyorhensd
event hel dehty darad asresbloe whtmlede no[ 4d 6 {

Anothesearch demonstr APews pldrwiinnm socfe nGQur a8i 4 ns o
and 2@/ mlamespectirwewdllneepopulEat iammBd fubbyd 0 i s
whil e complete inhibitmoornes 6ddghnbnidl h7 [bhaed Bt Cia we |
NPsvadet er misnbraptmhcr od.i | Tunte odBUINGs ofEor anB8i aur eus
were HOtHM1I8] n anotUsaemraents.t(uzddys 3 Jat eadh iCublsa nwi t h
apar tsiiczlee of 2 t o 350 nm can rngdhi iur emiscr dor gam
aerugiShaolsnao,nel | a ¢ShoH celrargseudasd sC.[ bl D]i cans

Al t hoQuNhs aeraesi |y iotxd dd zppdera noyiadeCiubDBEe s t hey ar e
steflflelchgaidhlseetbsi el |l a (Wnepmowina®i aaerSed imomnsd,l a
par at(.paifrafdaymti gel |l anstarai ms| B[ WwadPY]JFog Cunstanc
Mahapatr@ald@8pCe®DR cmamsdsshrough the bacterial <ce
then damage the vital enzyym&d]of bacteria to in

Simi l@QuNRBt,0 hi gher cormudhMmsr athiamPs\gef required anit
antimicrobial effect i[nlclrdel@rs & s e wii d éan dheegtlu.z s a IfdroGr
(200mBN)pr epar eMBCbhb® t her dlke simesmamahdbgen applied
theaml ong witlPMgCWhPamgadi nst vari onmusi rhuanct bac terfioa
concent(MBGCidemn er mi[na®ipem ox i ma tledhl GF U mLb aocft er i al
pat howenaedded to thesuwnamopdinen MBE ofS.Cudurfeus
(Gol wab08g/ mindhe WEC apobB.i aer uwpirreosa especti vel
anfg8008/ mLI n calVBOaasitadg NaPgaianbsotve bacteria wer e
eg/ mL

With segaMdC, eAhgmdus)e draath microdwli ®@welnl met h
mi crotiter ploatde tteganitmienitared beosB B a MmN Oagai nst
vari ous chellt®2tThley indicated thaNRB{B®&eR/bme)st M
was H.oraoBi faevbhalli Be hi ghegt mM) CKg 2 phceeruimo ni a
another simiAlzaet rea®Bd) hi r ntebkde tihnahi bi Cw®PB ef f ec
was eldatpear tsiicz ee, stabilityaf taenrd QuoOh peR awmerdeo a n d

50



annedltdi fferent { &g érhaetwuyradistioz e dNFEu@amihni mu m
size of 20 anmltCo vad huiGegod mL2E0f ot oihwa $ ower t han t}
previous resulNtks.of 23 nm CuO

24. 4 Zinc oxide nanoparticles

Al t haiumgd aoxinde anZindKkBagsreont ardompati mluenawi, sk i n
t hay i ghl yt @ owiidce macdpadbhbhogeonbEdicmg® . aur eus
[123,. Fbed4exdmpileal(.208k2)at edNZndc Mt dee mositveef fec

bactericicdamomragt CuiOt-aradyaiFestne@ragmd.vecdl.i and
aerug) nasd p@rsansi vaugrei.sub)i biasg[tle2rbidd , the det ai
mechanbfm&nOaeNPsot full ylrhen dpeorsstcddd.i sms of ZnO
assumed as ion release, the generation of ROS,
bacteri awhiuch dueetdher | h1eét.iFp@&Biten expl anati on
release and ROS generation Stea tkiolnl 5bactder i a, p |

TypicalNFF, aZaOf ound t o be mosSiezefZmrOtpnarat itsdilaiedsy.m
bo t shi zoefs Zn O pwd rtthii cale@s ¢ o nc20@d /r malteirceanr roifed out t o
B. suybBti,todd fl uofrlexiEflentsur netdheo usanrdat ZnO part.i
canotahhybit al/l kindswliifeetcassoz®ed @aacticamieadanl| y

i nhi bi tO% O0oft calll0O tested bact, eriina asnpd chieegs .a nR u rnti hc
t haZnO Nms di r ect Ec o pmP@dddinta vwittthhyza0 @ 8 e par eNd®B ZwiOt h
three difféeendsmpiheés ZnO suspensipantwighiebl?2 edm
higheffithan ZtnflGRuspensi ons wi t h outnhde¢rh ep aga me | e
concentrit9ifTchne aut hotrrse exrpd aatienredt he amount of na
hi gher the generation of active oxygen species
They also proposed both the abrasivendBscand th
enhanbtenti mietrhbdc @l

24.5 I ntermetallic compounds and composites

Al t hough very l' i mited antimicrobi ail ntsetrurtkitead | h
compouyAkghAsu al l oy nanoparticles combinedbaeen h pe
cl ai ment ¢@et fmicrobi alS. ebueleduCs]lalgai asthors sugge
AgAu all oy namaopédet potestially used as an adjuv
antibiotics. A (roddeggmofnrsotmt a@heidnat he Ti Ni Cu s he
smul taneousleydeyoskleast shape me mor y effect s,

antibacteri al pr €pelrd mes3Aalf tee appgihgati on of t
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i ncldbd® medi cal i mpl amhas dod hdaécvtiemaassé Amafecti or
recent work slhkeAgadnopast tritedneser kably enhaneed mul
mi mic activities related to oxXyagmeombdmstd wbatcitcer i@
effecEs aaldi aulte@RTsherft hcomi was evida ktehcent r ol | abl ¢

synt hesi squafi thy ghanoall oys to theia wariedt ycad
promising applications, including catalysts, bi
Regardhmigxt ur e cofnameapadritii cl e composites, one of
they produce highetrhammnhigmiecrdlrimeint al f eettnlopar t i
(201iAayestigated the antimicrobial activities of
t hgaiwoompodilt3&8&gpeci fithel meaWMl E@dfde OodMABZn O
composites were, r elsepsesadtél®.ed yOgd@i7rO S Mrdgdiu O
composites were, r dsppesctdmaad yOg /3ml2.h BM carsethodyvsearf
composit esdtcdeec raenaocsuen t el e madwtvii dhu add tstbe readatc eo f
mat erainadl died hespotenti al of bacterial resi st anit
I n anot hhegAgdmam@gCui oni ¢ meedrien mer piomtad egll asses in
to determine their P on relegwhiwaBrpwelpldrraosin ant i
powdeni torfatfel 3A&let s esul t off rAgm npdschoavledasa upwar
trennd ftihrest tameetlkayst he reel @ asleowadewn edmadt il [
constAhht-duameinf@adr psaampives h di f sgreatt| yamdeduce
amounAg oifon frredmatstee widCimp leend| €mdmt st he correspol
samplWwese uncdukenhgee df or maipgleaxsle¥ addi t,p Bvnartioa ttihoi nss
of al | wshoilcuht itohmest wh & smmer svearseéda abl antTmé crobial r

-

eveal eal It hgaleandcyoenst a Agii e howed esref bingh adgu a |

el emeinmmdrt ed agami.lsdcsal iauame.s al ltied dowe vtehre,

rel easgi ooieyotnlde slaif mfaty pot e nttoxdilod yhubman <cel |l s

enviropsneSeetc t 4 .04f. 9r g),evtha il hebu &Il e neelnts amp Vv ésod h

l ow ionefécamspoavoindyt oxi busli se axhikecdti on of
antimicr obTihails aecxtpfeurritafeang e st ed t hwe rlepsks vraell ueevsa n t

thamn relgasanitnigni cr obi al efficacy
24. 6 Cabdoowend nanomaterials

Car bbosnsed nanomaver beaks fouma&ntiomischroonb[i a3 5]act i
Literature showed that the size iaalds suwelf atce ftad

i nactivation of Mbee mpce osonsaglkblyeirs nssi.ze or | arger
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carbon nanomaterials afrle3enbdhermakwt cmt or bbhcakr me
of c abrabsoend nanomateri al damage ph@aestmlerwridae odue t o
oxidative stress. However, recent stwutdhesel hd

membrane the prifma&r5y] reason

Akhavan and Ghaderigr(a&2@Ohledne ianvde sgtiriagpahteerfie oxoilde (
andé®. aubbeatseri a-nagatbGrwGmamodi ti ve medpHseltdiryel y
They <c¢claimed that the extr-emklyg dhaeqgthbag gesalnloé
me mbrane of the bacteria resulting in the effec
poséeS.i vauwaesucsr e vul neramkbembtanthdamabbk ca-used b
wall s thamewglh&i @dami to | acking the outer membr ¢

Carbon nanodulaee @CNDtropes of carbon with a cy

direchnt gctcowi t h bacteria that affects t heir c

processes and 1n3dbrllpmodddiyt i on, there are some s
wernreore effective to inhibit bacteria than MWCN
as dispFagede iRang( 200&8pot hBWCNTs could more ef
penetrate the cell wal Il agslgmfna MAWCANTea dmaic t 8 WAONTSs

better with {h86{Helilassamfdacrang (2009) prepared
with different surfacgadin veppoadg Gir mefit 1b335c[ame | a
aut hors <c¢cl aimed that SWCNIGH wairatddOHs uir mgatckee egr o u
antimicrobial activity while that of MWCNTs did

“\;’

g2 J
f ]

MWNTs
Fi guO8ER. i magescofls exposed to CNTs.
(a) Cells i ncONGat &drubeOshQieMW s i nc ub@\Tesd fwirt h
6 Omiwnt gs1 3SWCNTs were more effective tduenhobit

s malsliezre
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Carbon/ met al nanocomposites also haegabeea ahd
Gr amosibdawteeried . ( BAQb )V esttitppnttddni cr obi als-Agcti vit
and -&® nanocomp88iAtcer dientg., taGBMYu manocomposi t es
better antibacteri alAgag cntainvoictoympcoosniptaersi .walshtdo hr&a s «
Ag dNWPereexpect edahl et thearvedi spersiion into the CNT
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2.

AANT i mi cr obi

alofmachaminsms

Table 2.3 Summary of nanoparticles that have been tested for antimicrobial

activity.
Monomet al Mean si ze Bacterial Ref er encg¢
metal oxi ( tested
nanopartic
Silver 21 nm E. coli [104]
(Ag) (cuboctahe V. chol e
icosahedro S. Typhi
decahedr orn P. aerugi
12.4 nm E. coli [ 106]
13.5 nm (s Yeast [ 109]
E. coli
S. aur el
39 nm (sph E. coli [ 110]
16 nm (r
1.-B0 nm Sepi der mi [ 111]
(spherical B. megat e
and polyhe P. aerugi
E. coli
C. albic
A. nige
Copper 100 nm (sp E. col i [ 117]
(Cu) B. subti
9 nm (-sgpuhaesr E. coli [ 140]
S. aureu
2350 nm S. aureu [ 119]
B. subti
P. aerugi
S. chol er
C. al bic
Copper 80160 nm K. pneumo [120]
(Cu) P. aerugi
S. par at
Shigell
EMRSA
MRS A
S. aur ey
2095 nm S. sepide [ 37]
(rod and r )
E. col i
Proteus
Copper 0¥ P. aerugi
(CuO)
E. col i
23 nm Efaecal.i [121]
K. pneumg
E. col i
P. aerugi
228.9 nm B subt i [122]
S. aurey
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Zinc oXxi

E. coli
P. aerugi

(ZnO)

20 nm s aur ed [ 125]
B. subtii
B. subti

20 nm E. coli [ 128]
Pfl uor esq

240 nm E. coli [129]

I nter met
nanopartic

Mean si ze

Bacterial
tested

Ref erence€

Sil-Get d a < 200 nm (4 Saureus [ 130]
(A-84
Ti t anNiucnk e N/A SE acuorleiL [131]
Copper all '
( INiCu)
Pl at i-Shiulnv ¢ N/ A E. coli [ 132]
al |l o Ag( Pt S. aur e\

have

consered

Thentai mi crobi

b & eads

mechani s ms

() Reactive
bi omol ecul
by <cell
prodatw
cellul ar

f ormat.i

bacteri

nicoti nami

(2)Di ssol ved
bit

of proteins and

and i nhi

[ 143]

B)Physical
wal | strucnhneg ®&tsi: ve&raact eri a
wi t hadadn t i

t o

al

anti

oxygen

enzymes.

onal

mi cr obi

met al / metaarle osxtiidl el t o.
trigger t he
F$ gs e wal.hien f our

cellul ar

r ea cFteinotno n

functi

out er

nanomateri al

agent s,

i nevreesrtdlg,at edur
bastcéreimdit dvalr atdheeasdet i v a

s pectihese dapEROS Ve
es act as catalytic
The
excesswhotchRgdBxeirdati vessbeegseathd y
proglr hambkped
occurr ehab®mwifss

of ROS and

presencéhm®d a ceteanoersn al

stimul at es

death through the
de addni4drkd di nucl eot i
metxdlerin@ans met al i ons

i ntpoacti oe:-nadBgdat@rvaem bacteri a

me mbr ane

react.i

ar e

on enzyme

ar e

pr opreandmat & difaaldsimfe netairel miteed
summar i zeebdl €Ad2t. lBou gh dieft.foer ent

t heaeieeosf t me c h

mechoalnlioswms ar e
typienal lay,

cofactors

cdent Hsunc hmeatsa |l Gu, aannd
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the electro

catabolisomf of

nucl eintgheacnacsmalevemy stiad Il ¢ygiad

covered

uding |
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Gramposi tiveormlpposeesa a thicker | ayer of pe
Gr amegati ve bacteria arthemomechvawmlinenr abf e ad
nanoparstiincdeest heir walhlel gt nthet uircen sntatyel eas e
nanopasretnittelre [cledUdlh additi on, although both L
domi nated by negatieyatdlvaer pasct eGriamhave a hi
positnisvedueo to el ectPlosaae i Sefadd néfookri ommo.r e

det ail s.

41l nternal i zatvieagry nitanmayr tcieclllees are | i keliyw to
endocy[tlodshi|[Subsley hremlteased nanopartitalkeni oms
i ntr achdlgllounl caern 6,r awthtiaonh cau$ el haxmdati ve stres

@ Nanoparticles (1) ROS
0]
Penetrates
Lipids _ & Damages \

(2) lon
release

22

DNA

%:

(3) Physical (4) Internalization

interaction

o

Figurlé&/ax.i ous ant i mi cr o bniaanlo paacrittriiodilua sersg 0o f ( Ir
reactive oxygent rrsipeggeres dXROEPR)svoevedr enes al [
i nteswath the functional groups (lBY)s ipe @It ei ns
interadaesiooays; cé&@lderimalllisz avt ieand oicnyft to0sai ksl |

248Ut i lizations of metallic nanoparticles and t

At preseandnapantaivel deen ext einns icvoen syu naepepll a beedd | t |
and i ndustrijidddpblod s@tmshar i zes t he proposed m e
influencing factors of . Ashese wmél #lhee sntomagdatr ¢ d cl

57



expl améd mi cr obAiga &N Pxgenn thse, apmrde puasreeddgn ann achcemposi t e
fi betrext i | e hfea biciabroesttha wyeh ant i bacetsgaibBab teaocktii vi t

pneumoAsadaedy feom( &8 &BlA)ggeshawwo spun fibers of

types owhifcidibhderal gn NiPtshseh e goptalr t awc bhcen®Or 8t moand df 5
wt % resp,dotiimhe 9ot 9B. o oKi pneumbavhe anot her s
Far keats. (2011) askeassteadwartoenm a commer cAgnlalnyo av ai
washing mach@¢g®M® TEM and4BFA washing machine wa
anxchanglfeghlP ener atitmg emdorance the enrichment of
wi Agin the soluti.drmesappned &gafwWwasceconfire&Sd by |
antthei zemawmnfop amwtaiselaesesdr by TEM and NTA. The autho
thewast ewahtoemesdt raong bact ennihceattal aéf bact eMdrad com
recent llya,ngetk.o o@D Ip70)l y mer fibres embedded with

(including @, nAgg pared sW)r i s dd thgra lgauyr 8[n124. 91JT h e

ant i mi cr obiaagldPi. nntsatedr usghi onwdedaiéei br es wi ¢ dndsendopas t i cl e
i nhibited over 70% of sbhacw3esrMFar ohhée @pgOlei ¢ atbi
NPsveruesed i n cwhsimgaitsitasong anti bacteri adodarosperti

andn@®Pgan bei Uuced sywxtremans, | oti onslda6n]d oi nt me

100um

Fi gurldSEM i ma @eRBMMA f i br e (bad mtniemiadhd® b i a |
embedded PMMA[ 148 e mat s
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Tabl&£Swmmary of Ag, Cu, Dua3,e dZ G naomta t cear ri bad ns
antimicrobial agents

Nano Proposed mechar
mater i antimicrobi al

I nf liunéggact (Ref er en

Di sruption of ce
activity; i nduct|Particle
in the bacterialshape of

rel ease.

Ag [ 1680]

Catalyst for ,hyd
Cu f ormi ngi orcgoampl € Particle|[ 114, 1
binding in pr

Crossing throughParticle

CuO cel l membr ane an [ 122]
. concentr
the vital enzyme
lon rel ease; t he
710 H.O,an d R.OSnd Particl e (128, 1
accumul ation of concentr
on the bacteri
Car bon . Mat eri al g
based ROS and physical Struct u [ 137]

2. AToxi oftpanoparticles

De
fi

nu

spmatneot echhabogyagmetnt husi astic reenvidbl unomievien @ |
e Hdwever, as a hgméegehfeci el d onfaynaplostoe cdnol
mber of hatramfhumamidkeeaftmsossi bl e advaeppearhse atld h

beconc.ern

Du
ev
mo
ca
br
to
pe
of
ma

i B

e to the small er,tdiesaee motf e rn atntog alrt mand elsody mor
entually daméagpadeogiamsanoparticl esoineg edndihde
st common routes MNdgnddparatni elxgoo sumel.l er t han 1
n enter the human nose, mouth and throat, w h
onchi al tree and then tfdrhdf.E€tbBB]) extploestur a@i ft foe
Xic substances can still caugdgd53ddoni onailnlfy
rmeatitdmre @&srikigne s ttihoornough the a@igecther ¢ommon

entry into &a&ahel bpihegaaclut reepaodritre nt hasl| beemn fo
| f urbeetciaaurs e orf anfoge@dti ndd mdg dliS&@dali loynmi o m g&fSt Cu

Xxperi mertdaloxmicceffects onl35]ver and kidneys
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I n genhbédealt oxicity of nanoparticles iosnpiosfltuemc:
andgt ab,dti¢gty5®hue tthoe surfacerattg@gavoil aime@ nyviezsel y
proportional Asocthoxibe gfhfeactadodoVer ,t Hhe epdritgihelre
t oxibeei tJyohg( 20@ ey f oa meidnet i ¢ st udy timfdaeatearcmi rod
Ssize onvitwdes dsner idbiunt i tohjel 5rBd ttiert r avenous Aunj ect.
nanopatithi iieveon@amar t webrnesrvei délowinad di 6f grant
thdmrganoparThehlagpse. al so dtd beernerhitnear asn oopfasr t i cl e
Similarly, thiet neskld rednandlristdmnoparti cles are mor
thamphericalr oddn kreb s wdwacshonsi stent with the antib
[ 15Bdsi,deis s noteworthy to point ouy ithiad meeabl
circulatory systemménallimptabsupss atplpesyabrentormb o g i C
[152,. 158]

Ul ti matmalcyh attenpabdad  amredr behet washr dpher t i es
of nanom@mardt it gdxecxainteywa ddhgyisl v swghé maswmptoot hpast e
andosmedriiensc r e apsriondgubcgesde d o n  n awo taenadlert dnles@ n s

are more frequently exposed to nanoparticles
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CHAPTER 3 CHARACTERISATION OF ENGINEERED AND COMMERCIAL
NANOPARTICLES

3.1 Introduction

In order to select tolpe i ma h o @ adt fe fmpiictrs swantehc e s s ar
perform sophisticated cnhaanroapcattetriicslaev eahs t ki re a
i nformatasohhephryesliecvaadntampd opeemi eal smakt hepar ui ¢tk
all ow uuinsdetrct amachowanopayattt rcilokkrutthee ti na@adécti on.
deactivations of Aspeci &ll @ wdeintmrea lmaensdelngi neer ed
nanomatfeorcivaslisng oanXihweAfgyl ICyw ornpastigqdat d by SE
FTILRaman specdnelsemepryt analGPRES assismugnmbablzed ir

3..The details of nanomaterials are described in

Tabl®l vesti phica@ndlmé mi c al properties of nar
di ffeeemni ques.
The row i mntdh & awleetrec i a l nagsApastacdesfor
nanomater$iag#Had 8 r oemhd ANFO stands fSarzhman Craatf aroi
Nano Techh®logw in grey show endgQNAér shgnadanod

nammat eri alng rimeing MaterialsE (formally Qin
Sampl SEM XRD FTI R Raman| EIl emen
anal yg

1. SA s s s
. QNA , , X
. QNA . , , X .
NF R s s s
. QNA . , ; .
NF ( s s s s s
7. QNA , , X .
8. CuA . , , . ,
9. CuZz . s
10. AMN s
11. AMN

o a| B | N

Scanning el ectr BN muacsr oussceodp et of Sstudy surface mor

as wel |l as to estimate si zgbsecoaft fieea cshi znea naon dp oswhda
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powder nanoparticles infl JJellde tligdniarahartlairmiiccrloeb
arfeoped hahveghrfacw tamewat agdXiramempatwidem (X®KRIDPFf fract
met hodsuwetdienvestigate crystalline structure al
i nf or matwiha ltsho hel ped us di scover whet her s ome
compoumdawsrtirearnsf orm i nfr ar e dansdp eRcatnraons csoppeyc t (r FoTsI cRo)
usedanaol masteal / met al axd/ders dtomars f an g® Haonnda | gro

COOH wsl | as t loperiedseennttiu fno@f x paeocytgeadn i ¢ si mpuri ti e

For el ement al met al intdruad eovuephl gl dyssm@st i ensiisnsgi o n
spectrosc-0Bg) (elaCh nanomateri al was fully di g
concentrated n)itandc talcerd diIHINOt ed t o the appropr
analysi srdet ettoh emier. Fpluduyatny i t ati ve met hod was uU:
the exact Ag, Cu and Zn ion concenthreatpr@senpr e:
ot hiere x p etcrtaecde met al Wadei empuedt igaaamg i $ @amii ve app
(Pl ease Seecfteront adro Adeedtsp i |

32Nanomaterial s

3.20Gener al

Alelngi neerceodnmaemmtai naolp a rwteir el euss e d  aasn drt eoai emidivaerdk

and -weht idwphkadaduf act uri ng aetda ieénagcnimfeoart iemg ad
and their cadmrpaacgiitless atrieoviner eas t he correspondi
can be fSewnddoimor -OEY anal ysivmHNGwlaes 2r epared us
70v/%HN® ( Si ghhad t Me hc k UK) pdirleutpdadr e @ o vt epo s,
Bel giumi fferent | CP analytical standards-(Ag, C
Al dMerhdJK) and were diluted into serial concent
Sectd.odokr morse. det ai |

32.1 Tungsten carbide

A nasncoal e hexagonal tWwégwhpar tciac Ibé dsi0BA nonf alnsd0
purimpref @88%nwas purchas-Abddfrofmh@u®)maten carbi

sampl e appeared as dark grey powder.
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QNA W@ sengi ndelrretdri nsi g Material s (f aursmanlgl yt h@i n
Tesi™aher mal pl as mda 6tldTchhen oelloegngel@N A2 IME s e i bdent i fi
by using a combination of anatpectanbstephni §ERDB S
NMR and|[] XBRD conQNAm&®Nt ai ned over 99. 8% singl
the antiviraQNA uMGds i oinsstolfy reportdd6é68qd patent e

322Sil ver

QNA Wwgengi edvetahe TEBEM ihma mal pl asnal6pldotandedgypy
I ntrinsig MaterialsE (for mal layp pQiam-etda gagdl agood hdeetne
and had rodl ake perediml @xiln@btmdl vy

32.3 Copper and copper oxide

Tw&€u NENA @udNFCul)O with various particle shapes
manufacturers wergQNAe@amwmmgi hiebsyt st nuidnsi g Mat er
(formally Qi netuisgi nNNga nppanrtaetnetreida ltse)c hMo bleo gl c @l lAs dh
technolléGgmmer ci alNFPwImdlaegrur chased from Suzhou C
Technoiltogwhai med t 030harvne pladr t i c | ea sspihzeer ircaan g es haang
Pl ease TalbbBeaf2otradteheedd peci fsi cati on

QONA Cw®engineegretdrinsig Material s (fousnandgy Qi
patented technol™¥tghye rcnaalll epd aTsersd Githd ctvas !l wgyh a d
of 66.349 *ghdmsi ze€700ffi iRE0G o mmer ci alINFp cQudoewrasd s
purchased from Suzhou Canfuo Nano -T6e0c hnnmo |poagyt,i cil
si ze range and oporsdRaAgeaals@en grTeafbelre ft8axr 2 t he det ai
speci f iBoctChi@me. deep brown.or bl ack powder
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Tabl2Sp3eci fi cNaRCiuo mdIF€CfO NP s

Puri| Di ame A"e”.‘ Specl Densi
Mo d e parti Shape|surfac 3
( %) (nm) : (gl

size (/tg)
NFCu 99.9 1830 20 Spheri 1635 0.-@. 3
Puri| Di ame| Lengt Speci Densi

Mo d e Shape|surfac
% nm ; I3
( %) ( ) (1) (A g) (gl
NFCuO|l 99.9 4660 12 Poroul >0 | 0.-a. s

nanor g

324Cu Agnd CalZlnoy s

The ommeraclilachyn o p a rCtuiA@inels Cwe&meur chased fAlodw i ihg ma
(DorsetTtheUKQuAg nanobassi ¢hemwdaOt i cle @amnde rar
cont a9 "y w AgThe CuZn n aanpoppeaarrteiddcriideso wano wdweirt h

|l ess thampatbo0che csamnztea bréa@46gfe® fCu and - 4317%6fZ n .
Th e sael Inayn o p a wteirfed resmaddyuse SIKMXRDETI T, Raman

3.2Antimicrobial nanoparticle formulations ( AMNF

AMNPWRaprevieomugdryedt hbey Anti vi rfad ubty ntshoer tUkKunDepar t
of Trade andanBowsthrewstDEINYl and Devel ApMBNt Age
nanoparticles wenrter ipnrsoidgu cMadt ebryi aNasnko m(aft oarsniaallglsy) Q
patent ed tnheet hD&¥stihnear ma | pl asmhlé@Zzlchnelbobgus rep
concl udedttohmdate iAMNPRas 77. 7% C, 5.5% O, 6. 7% W,
Cul 165]

AMNP8Bonsists of 55:45 ratio of NF CutOhrmrouwgh atnhle
UHUCL <col |l abortaTthiivse fporomuelcat i on was developed I
reswlbttaifmedne study i @Al t hiadsadreehngitre run AMNIPI3s hed,

wad ound tthe bnest eff e atgiav em SR o rbae thaagniBo o saaur e u s

IEPSRC prE®Pj/ eNDt3 4(&an&/idmi crobial filters fod hospital
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33l nstrumentation. and met hodol og
3. 2Scanning electron microscope (SEM)

Each nano(p2nmg) i oMlaes secured-baséeéd aditeagibwen subst
positioned on a speci men sctoaagtee d awiltAhsua2ndelmend owve r
pressure argon using an Emitech SC7620 (Quorum
Al l SEM analyses were a&gwiOr dd EWOdi nng da ,J BMEL wya@h
UK) instrument and i mages -wer gofctowhaed ewlidd rlwastainngg
voltage of 20 kV. AdobeE Lightroom CC was used

3. 2Xrzay di f(XRmcti on

XRD analyses were performed using a Panalytica
Al mel o, Net herbmeds) waSTheguipped with a X' Celer
whereUBasKused as the radiation source with 0.2

mounted on zero background silicon single cryst
120Ai R2¢gsst of 0. 033A and a counting time of 200 s
point . Al l data sets were analysed wusing the
version 3.0.5) and al/|l visi bl e XRD ppteerosslwe

caeldl CPDISéf erences.

3. B3Fourier transform Infrared and Raman spectro

nfraredofs preacrtamaerrtei cdegui red wusing a-IRIrFKiIRNnEI r
pectrometer equi pped with an Attenuated Tot al
ampl ess Ilweaded directly onto the diamond crysta
rod. Bl anks were performed prior to each sampl

resoluti olusofngbdushftt ware 61 RWinLabé and 256 sc

Ram@n spectrmaanopwerne clodod ai ned utilising a Ren
mi croscope and associated Wi RE 3.4 software. Al
of them7&Xcitation wawmWipewgtrh |l aseéra Rowder s a
presentend comsaope slide with an apwp2Oem’iamat e ex
each measurement was taken after an average of
using BioRedE program and all visible Raman s

supportedt blyas dewidtahi n the progr am.
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3.3.n"ductively coupled plasma o-PEB?Yal emi ssion

The
detected

giins ssod IQutairCofrieA ol A d*and 2*Z o nwse)r e
andsigmngnt hluedi veloyptd cawmp| eedni slsd oma s p ¢
710 fitted

L/ min

amount of

Vari an neb
1.5

standar ds

(Ger many) with a Seaspray
fl ow 180 kPa
el ememt SiAWatirael ¢ p u r(cShwei stezde r f a
standattadscentorfatlibOgm®fCyhppmndeZa praetpoheedol | owin
10, p5,m.1,ThO.e%e niOsfsliiseoanelche 0g tOBs o

s efloerc t kedCe(21 3 omA8 @R24. AmY @27, 395

auxiliary and nebulizer

for each
concentrations:

eacehl emeet e

nm) R41.8m0B B@8, 0B BG8.a8P (Z02.6MB (ZO06. 2MYP
and a3 .8®Bm)Y The | imit of detection (LOD) and que
for each waardlengit & /YDH/NG@bI2ank . Al l | abware was

overni ghtHNWptrhepaMed fHN®MF7 8 %er SdKamndi frii mi e d

thoroughly with deionized water before use.
3.8.CPES sample preparations: El ement al anal ysi
I n ordeer mionededl ement al compositions and vali

nanomaterials wused in thidigeddyn harchh saanpdiet iv
| CPRES anaidlOy smgsaethanopa(rNAINGLCU10, QNA Cu, ,NF Cuc
QNAUD Cu@wZAMNPZ2n AMNP®ami xedmLnob HPN®f 89. 999 %

UK) in a

ensur e

purity-Algdgirdgma,
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0.5 mL of digested samples were further diluted using 45 mL of 2 v/v% H N @ all samples

were filtered using 0.1 um syringe filter (Millipore) prior subjected to ICP-OES analysis. Fully

quantitative approach (via external calibration) was used to quantify the presence of Ag, Cu

and izZsn in each nanomateriaiquaamphtaboidvidak meeasl se
calibration)eswasnateedppooxi mate conpeaestentians

i mpur(istdeelsB. et or r éstudpgraaches were measured in triplicates.

34Results and discussion

34. Mor phol ogpihcyasli caand properties of the nanomater
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was also found that the morphology of CuAg was
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Both of them weaggrsepdgetread.alCuwmgd had particle

to 95 nm, while CuZn had pasOi ealme si ze r al
3.4.2 XRD analyses

X-ray diffractometry is a rapid and powerful analytical technique primarily used for
characterizing crystalline materials, whichisbas ed on B [l1é/p Acbosding ta the
last section, four powders were further studied since QNA Ag had mixed particle sizes and
QNA CuO, CuAg and Cuzn were heavy aggregated. The XRD pattern of QNA Ag presents
in Figure 3.6. The major XRD peaks of QNA Ag powder at  23V.719 43.83, 63.71 and
76.47° correspond to (111), (200), (220) and (311) planes and further analysis comparing
JCPDS (file no: 89-3722) indicated that QNA Ag contained not only elemental Ag but also
AgNO- and AgNOs, which were often the precursor used for synthesizing Ag NP from bottom-
up method as previous discussed in Section 2.2.6 and 2.2.7. Ag was face-centred cubic
crystalline and AgNO_ and AgNOs were orthorhombic crystal structure [167].
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Figure 3.7 shows two intense peaks of QNA CuO powderat 2 d v 2b6l6Quamds38.87F
and a single unidentified peak at about 12.8°. The XRD has determined that the
corresponding crystal system was monoclinic and CuO (Tenorite) was the only visible

compound found in this engineered sample (JCPDS card no 45-0937).
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As shown in Figure 3.8, majorpeaksat2 d = 38. 1, 4 4 . \Bas obsedveddnthend 7 7.
commercial Cu Ag powder, whi c loeleneented Agarmatherctwodiny @abks
positioned at 28.51 and 29.78° were corresponding to Cu(OH), and Cu O, respectively.
Cu(OH); was found to have an orthorhombic crystal structure and the other two had cubic

crystal structure.
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1) , 616(21)01626(?2)1,6163)1,0 aaﬁéﬁ)reﬂilcerctplanes of hexagonal S

Moreover, the apparent ZnO found in this analysed sample may have been attributed by the

oxidation of Cu,Zn/ CuZn due to the large surface area ratio to volume of nanoparticles.
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I n conceé ugi oea@\NAeAd, QNA CuO, commercial CuAg and CuZn were
investigated using XRD. The results demonstrated three of them consisted of unexpected
components. QNA Ag contained possible un-reacted staring materials AQNO, and AgNOs,
CuAg alloy containedCu ( QH N @ uO, aintedmetallic CuZn contained Cu,ZnandZ n O

QNA CuO by far showed to be the purest nanopatrticle of all.
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343FTI R and Ramamnesmadcteraadf

FTI'R and Ramanaseemplrewmentpygry teexpéequed tbatda
various organic/ isnMAlrtglaocaul gtb bcsotnapnocheesht € e mper at ur e
above absornodteldernmol ecwillalr wvabsatobsaReaglal ¢ ab
that dpEeICRrosselpyw ener gy riardgiakkri aotni omads and r
excitationaoomgr abporodf i nf Aar,adar eviebrgayt i on must
changaei ponl e wmbmbhnh a mol ecul e t[o7.4dbrstolréthenonrf r ar e
spectral region of infrared radiation from 4,000 to 1,500 cm is the functional group region,
where the stretching vibration of a functional group usually exists. Absorption bands in 1,500
and 600 cm™ is often called the fingerprint region [168]. This region contains a very

complicated series of absorptions so that it is difficult to identify individual bonds. Ou r

sampl emoxatrley compmeéadl | ic bonds which are descr
el ectrons among a |l attickeytbe pobectrostntictbangete
Unli ke organicpcemeponcedsf méeal | ic boskisglwet h h

frequency source to produce ntohlmesg wdrarn yv ioldr atiiba
absor patrieonresx peobtsell t 0500 1dmnd this techniqgue use:-

was to trace the ipnpausseénde sof organic

I n conFT&Rstspteactr Raesmapygtr os eas pehniegtheyx cind lees ul e
ta higherstaner gywhrough t he[ &@d$hoer petniearg yo fmupsh o tbeen
the energy difference bet whkenharge tiwo palbaraitz aok
mol ecul ar viebsrseetnitdmli § eqygrui rement t o obtain Ramn
metallic bohdéswghambgts| poloai deranbel abhyg bbnanice Rama
our case was used td mpruaaedtetset ginpae@amctes of

In this study, FTIR (red) and Raman (blue) spectra of commercial SA WC and engineered

QNA WC samples are displayed in Figure 3.10. The results of FTIR analysis showed that

there were peaks of the two WC NPs between 2260 and 2100 cm, which may be related to

-C=C- [169]. From Raman spectra, it was observedt he OT Wi O snbdeettchhe n\Wi O
stretching mode, and t h éendyxigWwod® were located at approximately 800, 710,

and 270 cm'?, respectively, which suggested the presence of monoclinic WO3 structures in

both samples [170].
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FTIR and Raman spectra of engineered QNA Ag shown in Figure 3.11, normally FTIR
vibration frequency of Agi O is expected to appear at approximately 500 cm™ [171]. In this
study, the QNA Ag sample only observed a weak intensity, which suggested the sample was
well-preserved. Besides, according to previous literatures, functional organic groups (e.g.,
C-H) are normally observed more than 1,100 cm™ in FTIR spectra, which were not found in
this case [ 7 0 ,. Régdrding Raman spectroscopy, a strong vibrational stretch observed
slightly more than 1,000 cm™ was unidentified.
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In Figure 3.12, FTIR spectra of commercial NF CulO and engineered QNA Cu NPs,
vibrational mode of Cu-O displayed between 500 to 700 cm™ was not found in neither of the
sample, which indicated good quality of both samples [171, 172]. For Raman spectra in
Figure 3.12b, a strong vibrational stretch observed between 2,240 to 2,650 cm™ for QNA Cu
indicated the presence of intermolecular hydrogen bonding indicating the sample was

relatively damp.

70 7 3500 - 1200

60 - 3000

- 1000
50 \*__N\/\/\} 125003 ;

40

30
-1 1500
20
- 1000

10 o

- 500 - 200
04

40 % do

T ¥ T T T T T = T T T T T T
( a ) 3000 2500 2000 1500 1000 500 0 b 3000 2500 2000 1500 1000 500 0
Wavenumber (cm™) ( )

FTIR Transimittance (%)
aman Intensi
FTIR Transimittance (%
1
()]
3
Raman Intensity (a.u.)

Wavenumber (cm™)

Figunlne& T8BI.R and RamanN&@wekdGrandf()a)QNA Cu.

For FTI Rt $pielert atai, @ uGnobdeet ween 500wamadt700
found in b,tihn diaongqiuierdgi tgyo oodf .Ramdan safmpd e a
hydr ogen bondi2n4g0 béebtOwEecemnn i n €QeNrAe C u .

The FTIR and Raman spectra of commercial NF CuO rods and engineered QNA CuO NPs
were acquired and shown in Figure 3.13. The FTIR analysis showed peaks for both CuO at
approximately 480, 530, and 590 cm'! implied the vibrations of Cu-O [172]. For Raman
spectra, both CuO samples also matched well with spectral profile signals resonated at
approximately 260, 329.9, and 610.8 cm'* [173]. A heavily damp between 2,200 to 2,600 cm"
1 for QNA CuO can be observed as well in Figure 3.13b.

76

cm



. U 4 1200
1.0
200 |
= 0.8 400 b - 1000
s ~ & 1504 ”
® 06 S o =
e s 8 1800
o 300 > © 100~ =3
'E 0.4 B ‘5
= s E €
2 L B 4600 @
g 02 E & E
~ T % = %
X 504 Ex J400 ¢
F © 1 £
[/ o E 14
100
024 il 4 200
04
T T T T T T 10 -100 T T T T T T 50
( a ) 3000 2500 2000 1500 1000 500 0 ( b ) 3000 2500 2000 1500 1000 500 0
: A
Wavenumber (cm™) Wavenumber (cm™)

Figun& TB.R and Raman spectra of (a) NF CuO
The FTelaRks for both CuO at apopl waismatcdelay e4l80,
the vibraOiFons RafmaQuwaestprecGu @ abmplt edhed PLaaks
and QNA €a Od chrap bseitgwea2dd 2,600 2 ¢.m

Figure 3.14 shows both FTIR and Raman spectra of alloy nanoparticles Cu Agn €u Zn
For CuAg,ttsearmpit e two overl appanng Bé&drld Raahadl b

c m. It is believed to be causedstbat & hleatltaiccke ,ofa
as broaderilriRelgd f @ichgne€uZmar @ s hi‘wa sabts ebribvie.d8 ¢ m
Fi gdr3B.However, there is no discussion about Cu/Z

first reporsgpmpelctabador pti on

FTIR Transimittance (%)

80 - 40000 - 40000
] 104
60 =
. {30000 ~ & 081 30000 ~
50 3 8 ;
© ~—
40 4 5 é 06 >
30 2 B 2
{20000 § 5 420000 §
20 - E §F 044 =
= e
10 % e @©
E = o024 E
B o]
04 - 10000 oy L - 10000 ¢
i 0.0
-20
-30 T L) T T T T § L afl 'O 2 T T T T T T 0
(a ) 3000 2500 2000 1500 1000 500 0 (b ) 3000 2500 2000 1500 1000 500 0
Wavenumber (cm™) Wavenumber (cm™)

Fi gunlegr TBI.R and Raman spectra of (a) CuAg
CuAg had two overlappin@bdodrsenRafhiamcdhb@udrs at
had one sharp $hift at 567.8 c¢cm

To sumFTulpR and Ra man S pceocntiprloesnteonptya r gt éta@tcd ni q u e

commonly usedtifbicati on aonfd fcuhnagrtaioopneadit 2ati iad rs

77



Raman spesut&aing from an inelastic Raman scatt e
interacts wiwhhermalsecluUR espédct rfar om | i ght absorp
mol eclulT.EFEseref ore, bands that are strong either
to be weak in t heAshdhthac hmeimpmedeensetnrta o die-aé me

analyticafi heneamaldysed samples owul@EdPEbSe. further

3.4.4 Elemental CRBSA.l ysis using

ICP-OES is an analytical technique widely used for the detection of chemical elements and
the exact ionic concentrations of a material. This technique is based on producing excited

atoms and detecting their specific wavelengths, which is known as emission spectrum.

In this study, nanomaterials were completely dissolved in concentrated nitric acid (70 v/iv%
HNO:3) prior to submission for ICP-OES analysis. For experimental details, please refer to
Section 3.3.5.

There are two ways to determine presence of trace metals and their concentration for ICP-

OES samples:

(1) Semi-quantitative approach: This method functions by correlating the count rates
from a calibration curve and uses count rate/ppb calibration to determine
concentrations for all elements in a sample, based upon their count rates. The aim

of this approach is to trace and identify metal impurities.

(2) Fully quantitative approach: Different elemental standard solutions (Ag, Cu and Zn)
in serial dilutions were prepared to generate the corresponding calibration curves
resulting the best-of-fit straight-line formula (as shown below), which was used to
calculate the relative ion concentrations detected from each analyte:

w G o
This method provides ion concentrations of metallic elements within an order of

magnitude to allow the desired metal ion type to be precisely quantified.

3. 41El ement al anal ysi s

As shown in Figure 3.15, fully quantitative approach was applied to quantify Ag (red), Cu

(blue) and Zn (black) in digested nanomaterial samples based on calibration standards. The
78



lonic concentration (ppm)

digested NF Cul0 had the highest C u o IC ¥ *ion concentrations, followed by NF CuO rods,
QNA Cu, AMNP3, Cuzn, AMNP2 and lastly by C u A @he engineered QNA Ag accumulated
higher A g o 1A ¢ *ions than that of Cu Agn A MN P, @hile Cu Zaan & MN Pv&re found

to consist of Z A fons concentrations as expected.
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Figure 3.15 Relative Ag, Cu and Zn ion concentrations (ppm) measured in different

A ¢ *ions thanthatof Cu A g

digested samples.
The order of C U o IC ¢ *ion concentrations found to be NF Cul0 > NF CuO rods >

QNA Cu > AMNP3 > CuZn > AMNP2 > C u A @he engineered QNA Ag had higher Adgo r

and.@QWANP 2an d béthebhaBed Z A fons.

Other metallic elements were detected using semi-quantitative approach and the result of

emission intensities from all samples is shown in Table 3.4. As can be seen, red values in

the table are relative apparent emission intensities of minor metallic elements higher than

that of blank (HNOs), which may imply impurities from each sample. Particularly, a significant

intensity of Al emission was found in QNA Ag. QNA Cu and CuAg were found extremely

higher intensities of Fe and Mn, respectively. It is worth mentioning that element Al and Fe

were proved to inhibit bacteria, which may suggest that the QNA materials had less purity,

but some of minor elements may assist in killing bacteria [146, 175]. For element W, it was
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found in CuzZn, AMNP2, AMNP3. This is simply because AMNP3 was prepared from NF CuO

rods and CuzZn and WC was identified in AMNP2 in previous research [162].

Table 3.4 Emission intensities of minor elements detected in different nanomaterials
using ICP-OES.
Red values are relative apparent emission intensities of minor metallic elements higher
than that of 2 v/iv% HNOs blank.

Emissions Blank QNA Ag NF Cul0 QNA Cu NF CuO [ QNA CuO CuAg Cuzn AMNP2 AMNP3

Mo 202.032 9.3887 6.4669 6.69405 7.82629 6.81895 6.4595 8.6078 4.7898 6.6498 9.5393

Ni 231.604 19.485 19.0859 8.90448 15.7614 10.3632 20.0602 12.438 24.794 12.112 20.7285

Pb 220.353 8.4545 14.963 6.12876 12.9175 16.2924 24.6948 9.4807 14.562 14.463 10.1695

Mn 257.610 11.629 28.4004 18.129 15.675 14.8849 22,9168 114.29 20.801 34.752 27.6858

Cr 267.716 16.341 7.2839 16.776 22.9002 | 0.046997 10.356 22.64 9.4905 32.355 24.9204

Fe 238.204 84.45 114.873 66.6111 236.166 54.2125 82.5634 53.233 111.87 43.999 63.6879

K 766.491 2102.1 2645.12 2512.47 2468.73 2250.53 2680.66 2179.1 2209.5 2258.1 2269.83

Pd 340.458 38.878 29.329 22.8908 34.1883 29.2616 21.1519 21.417 46.901 23.644 36.6785

Ti 336.122 32.326 30.6169 18.0931 20.3711 45.0908 35.3024 18.552 26.001 39.612 24,2505

W 207.912 5.8183 8.91565 12.6726 9.19569 9.42575 8.89172 7.3034 35.896 37.043 19.2617

Ta 268.517 18.223 23.7138 24.186 20.6175 7.98385 19.4965 18.903 13.96 8.3515 14.8199

Pt 214.424 9.8209 10.9542 9.71245 5.33773 6.03434 11.0134 7.9179 7.0448 7.3935 15.7802

Sn 189.925 3.4677 2.70792 3.4493 3.39181 3.70747 2.86845 2.8405 6.118 4.2693 5.30681

Al 396.152 80.453 574.146 130.357 163.413 111.264 156.81 141.11 144.05 149.54 181.54

Ca 396.847 62137 61713 60066.6 70953.1 81708.9 56676.9 56016 55913 59247 64537.4

Au 242.794 13.957 17.5037 18.0914 4.59939 22.0007 19.2341 12.596 15.038 17.517 23.4824

Ba 455.403 236.42 322.169 294.812 451.801 282.854 245.589 229.96 259.27 258.25 277.881

Mg 279.553 2450.2 2526.91 2562.99 2784.97 3909.99 2486.92 2474.6 2494.7 2489.9 3080.48

3. 4.2 Det ecmé mif @gimud lalnmyhoparticl es.

The microwave assist method was established to allow metal impurities completely traceable
in without loss of the analyte during digestion process. As if such antimicrobial nanoparticle
is to be used in healthcare or medical applications, it is important to investigate ion release
effects produced by these potentially toxic materials. In other words, high level of metal ion
release can inhibit the growth of bacterial but would also have a potential toxicity to mammals

and living environments.
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There were different chemical reactions and experimental phenomena happened to
determine their reaction products when samples dissolve in HNOs. During sample
preparations, we observed productions of brown gas. As shown in equations below, HNOs
reacted with certain metals and was reduced to give poisonous N @ whose gas is brown with
an irritating odor. Alternatively, it may also produce NO as it is a colorless gas. In the case
of Cu samples, such black nanoparticle had become a green solution after addition of
concentrated HNOs. This indicated that Cu(0) had been oxidized to give Cu(NQOs). as Cu?*

ions produce green colour.

Both Cu and CuO metals produced Cu(NO3). after reaction of HNO3 digestion process as

following:
"O¢ 6 G0 0 TO00 68406000 guu ¢00
"OtED 600 660 ¢'O0 VO 660U 00

Moreover, the reaction of Ag with HNO3; produces AgNO3;, NO2/NO and water. Ag* in HNO3

may be electrolyzed to unstable Ag?*. All reactions are as follows:

00 "Q 1000 ¢ HRVQE68@RQ G 00 ¢OU
6°Q ¢00 ('@ @& Q¢ OQE O GOV 06 00
dQ0 G dO6 O BV 00 00
5 Q° 80

For the reaction of Zn with HNOj;, the resulting product varies depending on acid

concentrations i NH4NOs is formed in concentrated H N @as following:

@& TOO0DEMPO GED U ¢b 0 ¢O0
owé¢ YOO OombO oweld O ¢cO U TOD
TOE PpMOOLOLgMPO TOED O ¢c0 0 V0D
VWE pPpOIUVPTMTPO VWOED U 0 @O0V
TOE pTOOLVLobP O TWeED O 0OO0 000

Ideally, samples with the same composition should contain equal number of elements such
as NF Cul0 and QNA Cu as well as NF CuO rods and QNA CuO, but there were impurities
from each sample and therefore digested samples performed differently. Theoretically, given

50 mg samples completely dissolving in 50 mL HNO3z and further diluted 100 folds prior
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analysis, the concentration of all digested samples is supposed to be 10 ppm. However, NF
Cul0, QNA Cu, NF CuO rods and QNA CuO were found to be 7.95, 6.17, 6.35 and 5.66
ppm, respectively. Thus, this suggested that commercial NF Cul0 and NF CuO rods have
higher purities than engineered QNA Cu and CuO, respectively.

Based on the result, it can be calculated thatt heel e mernatailoaw@Mg Cluor CuAg wa
0. 08:.MH.e7 dvepiegrhcterftoageu tahrech Agan baslcwampdt 88. 6%

as wettHe amol ar ratio o$%i @iul atoHh eA ge IweanseCn2d:.@I.nlr at i o
for CuZn wathd. wvgego8dtfagCay and BandveBB%OH5and t
mol ar ratiwaef 1CdBY ®&n Buafedrymul a f or both nanopar
be obt-fuhgdshoul d beAguanBu&Zn aboClLd beZwritten

3.5 Summary

This chapter presented the characterization results of engineered and commercial
nanoparticles using various instrumentation analytical technique. The features of this study
include: (1) Two hexagonal WC NPs were both uniformly distributed; however, they were
agglomerated. The corresponding FTIR and Raman spectra indicated the presence of
monoclinic WOs. (2) QNA Ag NPs were around 100 nm with irregular shapes that was
observed via SEM. This was supported by corresponding XRD diffractogram showing
multiple-crystal phases that contained elemental Ag, AQNO, and AgNOs. (3) NF Cul0 NPs
had a mixed shape of rod and rectangular, and QNA Cu NPs were mainly cubic in shape
with a small amount of micron-sized spherical particles. The particle size of NF Cul0 NPs
was very fine (10 - 30 nm) and was much smaller than engineered QNA Cu. (4) NF CuO
rods NPs had long-rod crystalline with a particle size of approximately 40 - 50 nm, QNA CuO
NPs were fluff-like with a particle size of approximately 10 nm. (5) Both CuAg and CuZn alloy
NPs were spherical and have aggregation. It was confirmed that the particle size of CuAg
was 90 - 95 nm, and the particle size of Cuzn was 135 - 150 nm. XRD analysis found that
CuAg alloy contained Cu ( Q)N € uO a n €uZn as intermetallic compound contained
CnxZn and Z n ACP experiments were carried out to successfully determine the purities of
main elements (Ag, Cu and Zn) and the emission intensities of minor elements of samples
after they were digested using microwave assist method. The formula for both alloy

nanoparticles were therefore determined (CuiAgas2 and Cuz.3Zn;y).
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CHAPTER 4 PHYSIOCHEMICAL INVESTIGATION OF NANOPARTICLE SUSPENSIONS

4.1 | ntroducti on
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—
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- @ >
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2. QNA . ,
3. QNA . 5 5 s
4. NF C s s . s
5. QNA . . ; .
6. NORU O s s s s
7. QNA . . . ;
8. CuAq s s . s
9. CuZz s s . s
10. AMN s s s s
11. AMN R R s s

To study the physiootctheestd cmd n dpedratvii lues, each ma
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83
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4 . ZNanoparticles tracking analysis (NTA)
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Polystyrene | d08n @00 ahdaouds h@Maeldv efrrnonPanal yti ce
were used as st an.dlahredy fwoerr ec adliOl purt &Gl gonman o h @ @
measured in tripwercat ®isopyilemeahi rxe Aul t s

4. 3. 3 -vlahleueD and span value

A D-value can be presented as the cumulative undersize distribution showing the relative

amount at/below a certain size. Usually, D10, D50 and D90 are used to investigate a particle

size distributioncurve. For i nst and@ el 26nfl@,t tehi B 0Pt deentod al
vol umtehe sampl e smadtiteadar@ 6z@® ainfd t he D90 is 324.
represents 90% of the total vol ume of .The samp
D16 ®90anfgecuses on main particle si zceo mrvaenrgiee rotf
to compare thesd@hinanepaduei dlgenso.r es 10 %Il lodstt he

nampartiolehe size distribution

A relative fractional measure of width is obtained by dividing (D901 D10) by the measure of

midpoint D50 as follows:

i Nwe primb (4)
which is referred as the span value and gives an indication of how far the D10-to-D90 range
of particles is normalized with the midpoint (D50). In other word, this single value expresses

the broadness of size distribution of nanoparticlei the higher span value the broader size

range. This dimensionless measure of width shows size distribution in volume-based.

4. 3l.ndt er pmet dfoddWv @aeaed types odbf dinsnopdbuti ohe susp

The nanoparticle size distributions were interpreted using the fvertical viewo as shown in
Figure 4.1, where the size distribution graphs were presented side by side. Each
nanoparticle suspensions on the x-axis consists of five different symbols in a collinear line
with different representative symbols. D1 0 and ,D&&fectvely,e epr esempoped by
triangle symbols (¢ a n d , thys distance between D10 and D90 (D10-to-D90) expresses
the main width of distribution of each material. In addition, the value of mode size, median
size (D50) and mean size are, respectively, represented by star (C), square (A ) and round
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(, ) The advantage of this method is to directly visualize different results in the same

rectangular coordinate plane.

400 A D90
= D50/median size
® Mean size
* Mode size
- D10
300+
£ : \
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© 200 + L ‘
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i
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Sample 1 Sample 2

Nanoparticle suspension

FigurlA dchematic graphlicframbaltyo®inng si z
Eachanopagus gd resx-aoxnc somsoifstf i ve di fif eraelnlti meyamb o
| iwiet h different representative symb

The relationship among mode size, D50 and mean size also reflect on the particle
distributions in the mean of skewed distribution or normal distribution. As shown in Figure
4.2, if mode size is smaller than D50 whilst D50 is smaller than mean size (mode C < D50
A < mean . ), it can be considered as positively skewed distribution. Conversely, it is called
negatively skew distribution. A normal distribution is the one when mode size, D50 and mean
size are all equal. Overall, a positively skewed distribution is more desirable figure since this
distribution contains more tiny particles over larger particles in comparison to the negatively

skew distribution.
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It is worth mentioning that, due to the differences of scattering properties, the setting of
capture for different samples was changed accordingly, as displayed in Table 4.2. Camera

level determines the brightness of the image which uses combination of shutter slider and
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gain slider [177]. Particularly, shutter slider controls the duration of captured light and gain
slider determines the sensitivity of the camera. Generally, longer shutter times and higher
gain settings are required to capture dim or small particles. Therefore, in order to optimise
capture, it is suggested to choose long enough capture duration and an appropriate

concentration (b et we éind @@ar t i §tb meseproducible on repeat analyse.

Detection threshold is another setting that adjusts the brightness of the image displayed on
screen after capture so that particles are capable of being identified and tracked. As can be
seen, although all samples were under the same gain slider (15), the difference in refractive
index result in different shutter sliders and detection thresholds. Cu-based samples overall
showed higher shutter sliders and detection threshold than QNA Ag because of a higher

refractive index.

Tabl2CaAdptauettofngDiki ffeareoaparticl eampbpensi on

Sampl e| Camera || Shutstleirdf Gaisn i dg Detecti

thresh
QNA Ag 5 45 15 8
NF Cul( 7 165 15 5
QNA Cu 6 86 15 8
NF CuO 1 6 86 15 11
QNACUO 6 86 15 16
CuAg 6 86 15 14
CuZn 8 317 15 10
AMNP 2 6 8 6 15 16
AMNP 3 7 165 15 13

441 Bi ze distribution

As mentioned in Section 4.3.4, mean, median and mode size are typical values to present
particle size distribution data - mean size is a calculated value of the average diameter of
particle; median size (D50) is equal to the value splits the distribution with half above and
half below this diameter; and mode size is the peak of the frequency distribution, which can
be easily seen in the distribution as it is the highest peak seen . All these values were

calculated and displayed in Table 4.3. To visualize more intuitively, the "vertical view " of size
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distribution graphs were presented side by side. Finally, it was converted into one graph

displayed in Figure 4.12.

Table 4.3 Summary of mean, mode size and D-values of all samples.

Mean size Mode size
Sample (nm) (nm) D10 (nm) D50 (nm) D90 (nm)
QNA Ag 216.9(2) 179.6(16.6) 126.8(+2.6) 202.1(£.7) 324.6(#4.2)
NF CulO 196.4(x12.4) | 156(+13.6) 107.5(9.1) 177.4(#4.1) 302.1(#47)
QNA Cu 240(£1.6) 139(28.5) |118.6(x¥10.2) [232.6(%10.2) | 354.3(4.9)
NF CuO 187.7(+1.1) 161.5(x2.3) 116.6(+1.1) 174.8(+1) 280.7(29.9)
QNA CuO 165.3(x2.2) 155.7(x2.8) 99.4(£1.5) 159.1(x2.7) 232.4(#4.5)
CuAg 146.2(x0.7) [113.3(#11.1) 86(#2.8) 134.4(x2.3) 220.9(#4.8)
CuZn 196.4(x2.8) [178.3(x10.5) | 114.1(#3.2) 182.7(4.8) 290.1(#6.1)
AMNP2 126.5(9) 87.2(124.4) 41.9(#7.6) 118.6(39.2) [214.3(#15.2)
AMNP3 211.4(15.7) 179.2(#4.7) 100.2(4.6) 201.8(15.9) 322.5(16)
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As can be clearly seen in Figure 4.12, the two narrowest distributions (D10-to-D90) were
QNA CuO and CuAg around 130 nm, lastly by QNA Cu and AMNP3 around 230 nm. The
smallest value of D10 was AMNP2, while the largest D10 was QNA Ag. A very large error
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bar was observed in the D90 of NF Cul0 suspension demonstrating it had the poorest
dispersion at large size. The aggregation of nanoparticles was found due to high surface
area, therefore its particle size in water was usually larger than powder. Regarding types of
distribution in this experiment, all sample except QNA CuO can be considered as positively
skewed distributions suggesting that they had high portion of tiny particle, while QNA CuO

was closer to be a normal distribution.

The result of span value of all nanoparticle suspensions calculated using Equation (4-1) are
shown in Figure 4.13, QNA Ag, NF CuO rods, QNA CuO and CuZn had span values under
the dotted line, which indicates they had desirable narrow particle size distributions. On the
contrary, the span of QNA Cu, AMNP2 and AMNP3 were over 100%, which inferred particle
size widely distributed. It is worth mentioning that AMNP2 was the largest span value as i t
consinutl tefpémentassVsu€h Cu[ lathT] Ag

1.5+ 'Span=(D90-D10) / D50
: ®

1.4

1.3 1

1.2+

Span

1.1 ® ®
1.0 1 B i A —- T iri=BT S il

0.94

] ®
0.8 +
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Fi gurnlé&lrhe svppdmiranoparticle suspensions
lgi ves an indicati-od9@fanmewphati cthesD18 norm
the midpoint (D50).
4. 2L eachi ngsshg@BI.P

4. 4.1 |1 on release study
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higher Cu?* ion release, because of the purity of NF Cul0 slightly higher than that of QNA
Cu. However, QNA CuO with less purity than NF CuO released six times higher than the

latter (please see Section 3.4.4.1).
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Nanomateri al Cu iomd i(imegpmnmn) [Cu | owmast (p mn)

NF Culo 0.06 0. 66

QNA Cu 0.04 0. 47

NF CuO 0.15 0.7

QNA CuO 1.59 4. 06

CuAg 2.96 0.05

CuZn 0. 34 0. 02

AMNP 2 2. 45 1

AMNP3 0.09 0.01

4. A42 The effect of pH | evel on ion release

lon release effects were carried out to assess leaching behaviour in different nanoparticles
suspended in various aqueous media (pure water vs. saline). As mentioned earlier, the
difference of pH levels in water and saline suspensions may influence the solubility of ions.
To exclude other potential factors, ICP standards of Cu* or Cu?*, Ad o A ¢d % and Zn?* ions
were diluted into 0.1, 0.5 and 1 v/v% in water, saline and 2 v/v% HNOs, respectively, and

were measured by ICP-OES, plotted in Figure 4.16.

Accordingly, the pH of saline and pure water is supposed to be 5.5 and 7, respectively, and
the pH of 2 v/v% of H N ®@is normally 0.5. It is visible that the concentrations of all metal ions
in HNO3 were much higher than that in saline and water, especially for A g o r 2 Aags. For
Cu* or Cu?* ions, the concentrationi n  HWe@e higher thanthatof Agor 2A®ns,

t heeoncentinsaline anchweaterwe r e | Thisseay because Cu* or Cu?* ions bind

to OH more strongly than A g o r 2 Aoms and yields more stable precipitation Cu(OH).

Besides, the solubility of ions was not linear with pH, as ICP standards in water had slightly
higher ion concentrations for all metals than saline samples, but the pH of saline sample was
lower than water. In summary, water solvent is more suitable than saline for ion release,

which is directly related to antimicrobial properties.

101

whi



3.5x10° -

3.0x10° ~

2.5x10°

2.0x10°

1.5x10° -

1.0x10°

lonic concentration (ppm)

5.0x10* -

0.0

Saline Water 2% HNO3

Concentration of ICP standards in different solvents (v/v%)
Figure 4.16 T h eoncentrations of ICP standards of Cu, Ag and Zn ions in saline, pure
water and 2 v/iv% HNOg, respectively.
In general, the concentrations of all ions in pure water were higher than counterpart in
saline but lower than counterpart in HNO3, due to the difference of pH level.

In conclusion, the solubility of ions varies with solvents, this may have caused by the
difference of pH levels and salt effect in the aqueous media. More investigations are being

carried out to understand ion release properties of these antimicrobial nanoparticles.

4. 4..3 UWhéf er encex ibobddWwdony i on rel ease

In our study, ion release properties may not only be influenced by the pH levels in the medium,
but also the difference between alloy and compound. Thus, concentrations of C u o rC (¥*
ions from both CuO NPs (oxide) and CuAg and CuZn (alloy) is discussed. To put all samples
under the same conditions, the digested Cu?* ion concentrations from Figure 3.15 were
multiplied by 100 times and equal to 1000 ppm, which was as the same as their leaching ion
concentrations. As can be seen in Table 4.5, NF CuO rods digested the highest C u o IC ¥*
ion concentration (the highest purity) among four samples, but it was not the highest leaching
ion concentration neither in water nor in saline i the C u o rC ¢#* ions of NF CuO rods in

saline were even the lowest concentration. Digested QNA CuO sample had the second

102



highest C uo IC #*ion concentration and it released much higher ions in water than others.
The highest leaching concentration of C U o IC #* ions in saline were obtained from CuAg,
while its digested ion concentration was only 8 ppm.

It is also worth noting that, this ion release study may also be used to explain antimicrobial
activities of different nanoparticles (please see Chapter 5), especially when the biological

mechanism of microbial inhibition involves manipulation of protein ion channels.

Table 4.5 100 times of relative digested C U o IC " ion concentrations of different

types of forms were compared with their ion release in water and saline, which were all at

1000 ppm.
Sample Relative digested ion Relative leaching ion Relative leaching ion
concentration (ppm) concentration in water | concentration in saline
(Ppm) (ppm)
NF CuO 635 0.7 (0.11%) 0.15 (0.024%)
rods
QNA CuO 566 4.06 (0.72%) 1.59 (0.28%)
CuAg 8 0.05 (0.625%) 2.96 (37%)
CuZn 419 0.02 (0.005%) 0.34 (0.08%)

Table 4.6 shows the comparison between AMNP3 and NF CuO, CuZn due to the fact that
AMNP3 consists of NF CuO rods and CuZn (55:45). Again, the digested ion concentrations
are multiplied by 100 times to be compared with their leaching ion concentrations. The
theoretical value of digested AMNP3 sample depends on the formula ratio of NF CuO and
CuzZn sample, which were 538 ppm for C u o IC ¢* ions and 101 ppm for Zn?* ions. These
values were close to the practical result of digestion concentrations (430 ppm for C u o IC #*
ions and 88 ppm for Zn?* ions). However, the results of ion release concentration between
the theoretical values and the practical values were quite different. The theoretical release
value of C U o rC #* ion concentration of AMNP3 was up to 0.39 ppm, while its practical
concentration was only 0.01 ppm. Additionally, the practical Zn?* ion concentration of SAF1,1
was observed to be 1.57 ppm which was higher than its theoretical value of Zn?* ions (0.9
ppm). The difference in theoretical and practical values may suggest that chemical reaction
occurred during sonication process, i.e., the present of ZnO in the alloy materials may have
reacted with CuO to yield more intermetallic compounds or alloy. This may reduce Cu o r
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C ¢ ion release due to the formation of more stable ionic interaction in Cu and Zn. Likewise,
the present of CuZn may undergo oxidation to yield ZnO, which would subsequently raise
Zn?* ion release in AMNP3 sample.

Table 4.6 lon concentrations of NF CuO rods and CuZn in comparison of AMNP3.
The difference in theoretical and practical values may suggest chemical reaction

occurred during sonication process.

NF CuO AMNP3 AMNP3
Sample rods CuZzn Theoretical release Practical release
CuO:CuZn (55:45)
Digestion ion
concentrations Cu 635 Cu 419 Cu 538 Cu 430
Zn 225 Zn 101 Zn 88
(ppm)
Leaching ion
concentration Cu 0.7 Cu 0.02 Cu 0.39 Cu 0.01
' Zn 2.01 Zn 0.9 Zn 1.57
(Ppm)
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4 . Summary
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Metal ion leaching from each type of nanoparticles supernatant using ICP-OES were
measured. In all nanoparticle suspensions, low concentration of saturated Cu, Ag and Zn
ions were found ranging from 0.16 to 1 ppm. The leaching properties of commercial and
engineered nanoparticles performed differently in ion release effect and were not related to
their purity. The highest ion release in water was C U o IC ¥ "from QNA CuO, and the highest
ion release in saline was A g o A g *from CuAg. Additionally, the ion release study among
two CuO NPs, alloys and AMNP3 also suggested ion release may depend not only on the

type of forms, but also on the pH levels and salt effect in the aqueous media.

Themeasurement of pHodndl2evwesarngpdddessetsit &Slgmp e ds

at differentc ardmice mit ongpdaicid lnmesy ewel | as .Zdia pot
wabecause the sanfiapar tohftehlecge®ipaet i cl e in the so
affectd etylecb uppHea las p vtad¢tuiea @fl | ect s t he st albthiel i ty ¢
pH of alWwWagamel aakhley rbaentgneeen 6 and 7, the highes:!
CuOThe zeta potentivwakbnost |l al h@GNAHdAsg and AMNP2

suspenwemensi deresd tsheabme suspensions.
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CHAPTER 5 ANTIMICROBIAL ACTIVITIES OF NANOPARTICLES AND LOADED
FIBRE AGAINST GRAM BACTERIA

5.1 I ntroduction

I n thhaipst er |, an athempt degieeaet adnanrda copraretricd lad
mawttri buitret droadthieons or deact iiveariroinesdTddiuds geami
give a better understanding of mechanisms of ac
activity and assist us in developheg ambi eni ef de
results were cahei od abet cgaeneaganteeachodhr ough col
research with Uni veAfssearlye Cthienddgghéesendbhhnl | effic
nanopat hiecd ®@r p o AMNIPRRP MMK i bhradgwsersecce ¢ gfomlf i r med
and tested.

52Nanomateri al s
520Gener al

Al l engineerednandpavanrnelles awer e used asfineceiv
dar k amwdnwel lat ed camnmpbodred.obdih@bsopasampl es wer e
di speeisteiler pur e-f paet walk eBel (QAamn$ or & fr @Snimy ma

Al drich (Gilalti ndghfaner edK)NeHHoO(cRRinghheart | Sdenivasi c E
diluted infpeeewpaeri ohyelO fol ds bred cGCuweAdg tNPwmsa.s

52. 1 Tungsten carbide

SAWC with particl2®0sinmesvacf pu5@hadadi tfidmUS)gm
tungsten carbide samples appeared as dark grey

QNA W sngi ndelrretdri nsi g Mat er i aNlasnb maft carsmaalglsyy h@i n
Tesi"™Maher mal pl ashdocBBebhaatoggon o¥. 2molr e det ai | s

5..2 Silver

QNA Ag was engineerfr™dhevimalt lpd aTenai maechnol ogy |
I ntrinsiq Material s (foNHBAH(IFi sQienre tdcq whhat ni of mact&
addedr®aNtA NBprior to the sDhmé chot dinBmpadveesal s
ariedentical to chapt dénmpapresewi¢a@uosnl y3 .r2ep2ort ed
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5..Z3 Copper and copper oxide

Tw&€Cu NENA @udNFCul)O with various particle shapes
manufacturers wereQNAe@amwmmgi hicbeyt st uidysi g Mat er
(formally Qi netuisgi nNNga nppantaetnetreida Itselc hMo bleo gl c @l s d
techno¢llé@g mer ci al pCwivearp WFchased from Suzhou C
TechnoTlhhg ydsethaititlamat erairdeldent i c al to chapter pre
pl eaxed eSectoon 3. 2.3

QNA Cw®engineegredrinsiq Material sE (fousnangy Qi
patented technol¥tghye rcraalll epd aTsersd 6ihg mmeotbgly powd
NF CuO wasdspurchased from SuzhouTIantkewthaoNBhno Te
namat erairedsentical to chaptelrepedeeSeotieaby BefoBt ¢

5..2CuAg andalGuwin

Thal InmaynoparCiuiZnl endveCwrAgur chaseAdl drioenh S Domas et
NHOH( Fi sher Scivwanst iafdidceEd, tWK)tpr e atr CwAg he¢Psonicat
The ®othoitflamat erairdeldenti cal to chapter previousl
t e ction 3.2. 4

5.2 MNPf2or mul ati on

AMNP2vagpreviengiédryed by I ntrinsig MaterialsE (for
using thétAesmmbh pl as mal 6tTehceh ndsebtbagitlhi s amaet er i a'
identical to chapter prevSeou8bZwm 5reported, pl eas

5.183nstrumentation and methodol ogy
5. 3Prleparations of nanoparticle dispersions

Foanti miteothhapawttirel ee€ei ghed usi rSghiananiztw.pdmal an
A titani+Adv dlilqayi dTiprocessor ( Son7i50s, & Ma3t emm,al7
W out put power, t200 dkiHszp) e rwsaes ruasreadpiamr tw actl egrr $swesl pi ennes
their physiochRlmng &asad Saenfad rg dtemd. 3 .hle speci fi.cati on
For PMMAnaftisbcer poration, the pameedur d hwagnent i

di spersed in chloroform instead of aqueous medi
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5.2ZAMNP2 embedd#®dm@&uUssAi mrge s s ugryirzaetd o n .

PMMAMy120, 000 g/ mol) and chlorof-@®lmrwehe (&bt &i n
UK)2.Ww/ w% PMMA solution was premgdr eod olf yprodinysnsedilev i
solution was magnethiocuatleblyt asitn ra el omoge™edeous so
AMNRI2oaded fHNbAwse rpeg e p araeddd ibnyg/ % 50f AMNP2 t o t he
solutfhensolutions wemenwtefaread dFpirnndiOng in ord
homogenous diAMNRiITthweet idoent dudlr € s e igryirzachdd par ad us an
the pr epahfeittnagarocef report edl4ed]sewher e

5.383Growt h of bacteri al strains

For t he antimicrobial,bacterwniidi st o dl awentowraadis c
(NCTC 129@3) aamATUBC 653 80Ph)t awenread OefQ ofnr eez er sto
containing 30% glycerol. E aocnit os tTagykp t 9 @l uStoiyaan Aw:
sterile loop and incubateéedcabaBirel, far skAgheuc
strain wasurgraownr oithh lLastiapkacéd56nrpam) for a fu
37eK.1: 100 dilution ofeddl mpatehodg gt a maeltitandl oladuclod
nanoparticdte O0.aOmbp,l e0s. 1 and 0. 28i wyg/ h Mgdroipoatait grat
for 2 nmitmr i pLiucbarboet wianhd i ncubated at 37¢C, s hak

For the anti bacotaepre@day marcth & ivh e & o fwere cul tured
(Oxo0,i dUK) for 16 hours tatl5300 rApQn.awdds eat ghiathattoieosnt ra f
at 4000 rpm for 15 min,andet saapeehlhs anctsdspend
phosphate buff eSieghhAdsdd i ale) ( PBS,

5.8Anti mi crionwgsalngt ¢ hte pl at e count .

For the antiimiicersobo falsp aamdp ar thiacclteer i al cell con
estimated by counting CFUOGs nlmefoprag td cd ea fCodnd oeux
was performed by ugeraiaaldodihlent ir@nmodivg enggi aD1 y di | u
culture and spreading wiSihg#d ckriit/k) g mipd adreaaga
(Tryptic Soya Agar) in triplicate. The amldat es
CFUs wer e Tdheumnmteesdud X psr enseseed ¢ ol é ey msngfuands (CF
t heequ awiaaen a p[pl 8 6e]d

111



W@ Qa6 ' VOD & £ 1
0 £ & 6EAERO & Onddl D Q

0 ¢ QoM o G éQ (4)

Fohet anti bactelroaded gmiev,iOtf w/bw sAMNBded fibre m
were assessedneugsatthigr eaErrauph emoscal | suspension in
passed thromghstidepbsbted onatdi. $&wimhtsampl e wof
the bacterial suspeasdonfwaes fakenalbtEbbdebeouagh
dilutions were performed on all sampl ecOxmiddt he
UK) and incubat ehd, aaf t3e0r Anh ifcér u2héeb dhen mimeemgn ywni t

of bacteria was obtdaiendgd dndta arredwmctiinornwvi abl e
5. BResudnveriomg retpetriaegmetedudti on

The anti mi caofel @deabdnitetshuelrt irne dpuecotitieognt r e.dwct i on
convert | og reduction to e@euawmen apgpluicedon, the

0 p pPT pmimp ( 2)
Whenmné percent aerdiukdrgeadrucrtdsomecti vel y.
5.4 Results and discussion

Bacterial cell guantification after exposure t
det ermine antimi crermhgianeepradpeandasomeeTite bk
antimicrobndMealecrctéasd v letdBSquaitngnadn(ds | bbger edvec tei on
converpedceéent ntsdBguabhdnWe( Shdpe | ink the antir
effect sphtysi bledemi c alnappr@orptewetlidessv eod thir gaitgend u t t h

research

Over dalel si ze of nanopartithat mdyr eantel yof orf aicn adir
antimicrolioal i efsft@aahcyed,r osdnypnbaineircc |l e si zes of nano
better antim[a&aPobilal,.eflTohdg trde8a7s]lan etxfp | tah sne(dl)
smal |l er parti cqueasnaoh avye adr adhteesrg haned evied thii \gdr e r
ratio of surface areal a oigmadil wiaceu astldhleeemhpreasdi hg
the rateacbdfve oxylR@Pprsopdeucateidkon ons t o, k@a)l bac
nanoparotiii ty ecsd peen e ttrhaet ecel | wadn/dowdt akaec tidgnai a c el
conseqeantley delsifwldacktdidg.n 145]
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Shapeasyimsof | ddheaeoei mi cr odofi an a ned mAgiaete v iad 8BS as s umpt
fromauwsshats haopPed aer lmgidn spdber acaarkeuseasi |y kil l ed
shapeasntoifmi crobi al nanopart i chesFnbguEredl HOweeEdr i T
this aswamptiioambdy ytaw pdoamsef shuMystudy fetom Wan
al(.2014) consaneac wihedd & boadpneesrneo reef f et 0 i kel | bact er |
tdhe exposed pl anes laenvde | tso otfh et Wwdexeirmteastsasi lan ot her
reporteaxadana-lh lpé aZrO ndhoeyddisgmilfsi cantl y hi gh
t han-s hagdcerdy s[t1a8 &,. 189]

Fi gurl8EBM. i ma@gea. oauanefubl). aer uagsi nmmoespar esent ati v

Gramosidgn@Greaamegabiaeceeria, [rleSMpeclidv]el y

5. UAnti microbial effedmanofpaaltli cédregi neer ed

The engiQNAeBBdpar(@NAI WE, QNA Ag, QNA YXweraend QN
producedhesimayy pl d%ma cTeasssimthdiperhe ¢ uwassovra p odr aatte
asufficiently Bhgh ome mpfdurarmaiceedn | | dwed mpgsed int
namart. cl es

As s hoPvMogren2 tWCANPat all cosntceewidad antao oinnhi bitory e
bacteri a, t me deeft ®mrani h e@yctlousmene i mif cr obi al agen
engi ne@ENAe dAg, QNA Cu and QNA CuO were found to
against one type of the vdgtcdr iagmemar evi tt hars t tulde
previous r epetr.{ &al]nbhyi semmtg, n eeNrAe A g , QNA Cu and
Cu@l so showed anti mi Empo Wieaslit deifrdfaeddltSgnaggayil msctoc c u
aur deEIMRS)AS.epi deramiBdi sE@lcih el e melnits cwislsledbe n t he f
sections.
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P. aeruginosa S. aureus
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Figurandimicrobi aWCresd!| QNAorfi assidanad &@r d sl agai n
P. aer uvagniBn o saafu & utshgel at e count met hod
QNAnat erwieales found to perform & eloéndes o yipreh iolfi |
the bactexicemt QNA WC.

5..2 AntimicrolAigalNPacti vities of

Studi es havehelhomant htahat have aing iud walolbyi ad tprre
met al ¢ hA wAsg , Cu ,anodf Bahviec hi ncompl et elsy ftihlel eede ddb x
activity[ ldsReéhciad Hseamieat teasisrent i al transition met ¢
bi omol ecul es act ausn deeat anloyrtmiacl ccoofnadcittoirosn s , exce
can be very t[olx9%g ted shhajcstteorriva of being used as a
thwarious wdiysmoopt balvle beenestedgidad@a8linpr e

Il i gur,eny.i 2 eQNrAeddgowed t oe xctoruennieelry Wel heaggi noesbze
at the mini mumtc dndéntdmatrviperet edl y, this enginee
al most no et thectGraagmati invss. sd uaaddnst he | owest I i v e
popul ation was observed from t.heAdoowedksitn gc otha empr
studthesrel edas@dgoifenAggne ofamtaiinmi meobasal emi nhi bit
bact eprairat,i ctuhlear Gneagnat i v eP. s tareaiyrg ibneocs@au a-me gat i ve
bact ereild wal | s daivet alnadwegatihae gedopol ysacchar
el ectraddtyattdedo Adi ons i nto t (Fed ghirgR led 4 aBdcsdifle s,
AgoAdi ons prmanyetrate thwabbhc§ell9Rd me mé hia h)>eRD

2Antimicrobial results were provided by research p
114



resul ts QNAWowgdmceodg M@ nd AxeN@ept eAgamedt A NO
consists of an i dand ;NOwteiabs@iti weseond veg Bl maser a
AdorAg*i onsenhance antimicrobial Adwopgrtoiteasn. Con:
cause cel |l ulklay idiygseftumnnchthiigoono (-B8B) N enzymes and pr
resulting in prof€fdy mgadmremicax vwittilo osweclhe iacs @DONIAd |1
RNA) ptevent <cell di vi;jaindml) amd ndkeipagroaltd@dEiloa® 4,
195]

Gram-negative Gram-positive
bacteria bacteria

{s%s? o] ([
esases &

Pcnplasmlc \

* .. 799990
60686 T 444848

¢ 1 00 ’

Phospholipid with  Lipopolysaccharide Porin Protein Peptidoglycan Teichoic acid
hydrocarbon chains

Fi gur3Stg.ucture dif-heganic &e afno bir taimv e 1bdadc]t er i a
Grapmositive bact aricalt hEGeleme wathlewea hhsck and
mu Htaiy epreepdt i d onghliyccheamcasprotective | ayer

Addi t iAbghBbhlaw,e al so bieehni bounbhémeel a @y elrtv elda s
that Agam@mRshor to the baomharcihalphoelidlbawh gl idaalma
membr andead to telhkalgea and[h&6t.ALLOS&L ndeAagy NPy

caal penettrhaet enembr ane and ,elfltoewe dhbeynmet hecehl| ul &
structures and biomol ecul es [sWXTAY ea sp rpervo toeuisn sl,i tl
showedP.t haaer ucgeilnloss at reqat MvRtesreel 6 egladssi bly due to
conditions arr gsltdidpgvevelr!l, dihvissiaen i vity may gr
of Ag[] NRIj eit . ( 20 @ & )mo n s ttrhaatt e ddvge riieP § ftioc urotve i nt o
bactwhem t heir iparetaitcelre tshiadpaa20s Dmésaroumld 5 nm,
NPs sehdesiwgni ficantly mor-20ef fhiBdojoekmigly r dahgrin NLTOA

resul Sedtseced?) 3. the particle size of QNA Ag was
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demonstrahedROBaprpseetl andgprAghiddmbomi nat ed t he
effective aaotiiemhct bbsatase

Last but ,captpi Nngamagye nh ssvfef eacnt eon dfh en & moxp acrittiyc | e s
except i ncreasingCawna&sesti .nd(iadsbpledr)si dbéetl et mi ned t ha
stabilizedandhtiht aceintar astbef ect i ve i nt tkad pwihtyv bagt e
alcoholgNABnal one obfecaanusaeccel er adndadAge mehdDi7ilon of
our case, althoNBH®OHWaisn yadadmradurntntof QNA Ag and Cu/

may al so thalcpg eirritai adiiildmd &

5..43 Anti microbi al adNtsi vities of Cu and CuO

P. aeruginosa S. aureus
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g g ]
o o
g g
c c
@ @
S 50 % 50
g a
2 2
=1 =
X
0 0 S
0.05] 0.1 [0.25]0.05] 0.1 [0.25[0.05] 0.1 [0.25[0.05] 0.1 [0.25 0.05] 0.1 [0.25[0.05] 0.1 [0.25[0.05] 0.1 [0.25[0.05] 0.1 [0.25
NF Cu10 QNA Cu NF CuO QNA CuO NF Cu10 QNA Cu NF CuO QNA CuO
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FigudAnbi microbiadandeCGuoOtsandm&Emueanir d¢Psagains

aerugiam@saaduseusg the plate count metho

NF CulO killed | ess,amact eowoi £utOh&dNPsQMNATr u mor e
one type of tthhaen btahcet eorti huenr .

Comparwintghe engi nee,y;ceodnm@hMF @Qdul0 madevamwwveChi ha

found to have weakerP.andaerhamiBreo salf iegdif)eh@tas ton

frame anti mi agabAnaslta erreusguilmidcs &€ul10 at a concentra
was not avail dPke] | dléP. Q@ ® utghdBnosauateu®. 1 wt % o
concentratthbhae, | wiwebe choandc le e t roptpiecsnuBly¢e contrast,
engi ne@NAJdA® K i |IneanlSy. auagvweaurs at the | owest conc
wt %), while the three conceht raaetriuégmen cast@ibsd had
Cu@ndommerNdi £INPs were fousdigdtpmertfhert mnewobi al e
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over the ¢thothCGCppNBstevity of inhilwasi hghuddcter
commerMNkF alCuO NPosdempl eatnehEglSi.t auexwsaptt the highe:
concentration (0i@Bi Wittt veé Rackirwigptwassgnad rnestt han
70 %. By ®QdNat Caes&tewdt o have bett eactaeaasidgtanibeatichbi al
bact,@grhiea | i ve sptPpulaestriuegfitneors aexposure to QNA Cu(
concent wateomx morandhan ab%i bacdgaiigadt aaubrieluist y
i ncr emistenth @arheepacdnacd retumdthicomc ent Mat2iSomkidfV &d 99 %
ofbact.erhiiad antimicrobtcatr dlfdted € u socfe pGufbairliiotuys

mi cr oor ghhasmids msn previdD.usawgBeuadsd e S i w&SsS mor e sensi
to CuO NPs c ofnp aa e rnuggd mngotesigpa tbievcea)l $ e h a sNHmamrde
COOHgr oups on t heanadehlds es ugrfoawpese areensGutlhee t o

antimicrobial result innvesfgilga8ldy may need fur
45~
1 4.06
4.0

R < w
(&)} = (&)} o (&)}
L L 1 1 L

Copper lon concentration (ppm)
=

0.47

o
(&)}
L

o
o
T

NF Cu10 QNA Cu NF CuO rods QNA CuO
Sample

Figubkobh. rel ease &N dun awtd re@e@ttr ati on of 0. :
QNA CuO released much bmotr ediido nnso tt hsahno w tthheer shi g h

efficiency,Sesperceas |l y for

According QuiNFPr eaproeun g ,ltecs sh eeif i clhg@attiem i aompari sor
to AgeMBEn t@Guwwglxpect eldi d path@ ored |ac[als%®e8 ]It may be
explained by *tohCG¢'if ars mehmetsasGluax t ®ssent i afforel e me
di fferent enzynahtaiéd |ssy sptoesnsse sassnniime ol @amins m$ st & o me
by avoiding its ,i nthreahagea sh @'liarnstiomaiecristiybl y bi nd

bi omol ecludldellsn oangcad@NA CuO released oveworfour t
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Cl'i shhan otbmesredCw &#mmlbdr donvde QNIAl CaxOhi bited t he
i nhi bitory beoftfhe chtéFoatge&s)jgaswhi | e t he ion release o
0.82 ppm.

Asanotmajror antimicrobaalti mechaypygR@dI)hmeciienc | ude
superoxi de a(i)onhydrddxyllI'Gr adii cqll &b )aonxd gleyndr ogen
per oXOwelareupposedf otromelde as -prracddawdatle | byl ar oxi da
met abaoluiesmompheedu@p i 99d wevrertt he case @OUorexcess
C#*i spnHab-®ei ss andr geéaeanttiooin t ake pl ace Tthoe over
overproductiomnduc®08xcdatwhv e hstdrasanmagges | cpl Hdul ai
DNAs tr,andc!| ei cetacil @a diend tdeeat h and [g2e0n0ot o20nlc] e f
partiulsaonsi deéreednosspecdixiiscct ee|vhisdeleya agi t h
amine acids, vitamins, unsatur atedd Diag t gl saci ds
strong oxiidhimmptr omolsechicaasbohydr at es, nucleic a
ami no ."®6iidgener ath gd widpiammh t r an $0a@mmd [i haM]dr eover ,
it also has be@hmalpeamrevtedttehdthe| 2 6B\ e mteundklr layn,e t
ROS may bkavVvéeat iome ke fl fl @ mitgt i bivegcotretraina. tt tnathh grh |l i g |
metals such as Zn, Fe can|[ B8 30 200rd gpptee sne hti a1 me
anal,ystilse intensity of Fe238.204 emission (236
hi gher than bl aNfFk C({8b45..46510151)) alnPd 34 s ev hs eciehm pi ayy
thahe predsefnrcem oA a@w i st i n kasl Iwenlg .bacteri a

Similarly, t he antain@uO©r dhPasvhek e p f f e oshidbd ©tChiebut i o
depenfiaae,, 200hS]jch potrgdei &f &y CnfoaeCsfiodmand ROS

l evel . PheVAdiegul ts FirgeSigent atdlt hough t hdF mode
CulQ200 nm) was slightly smaller t han that of
concentr &dFi cCuwladds e rlyo w, S ugtgheddtkF | CgNFOshadh eavy
aggl omerationl|l abtlgi. pomay sbabt he r eastohne whpyp oNFH t @
resatl tdi fferent | &#dogchimas amiNdAar sul t al dtob cdhtalppene
CuO NPs; the total particlmucthoweent hanhi bhatof oNF
The NTA resul tt hiendsitcaabtieldi ttyh aotf waNaFe orwaetre rtilad n t h a
QNA masandabecause of itwatmgdeogphspiywcdragph &oiOc
CuAll the alaypyei explyasn theasomphébirmitbeobi al r
of GunQ@Q NFus .
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FiguB€ompari son of partiagaNFe Caeh@e@NAadlionanof
NF CuO and uX®NAn gCulNT A

NF materials in water was Lowme s$hae dhatr ol
amorncghewnerveedy f f er ieigtghcki f f er e nfoeCafiodnsCuand ROS
l evel

5. 4Anti mi crobi £luAgctainuNRGu&Zsn o f

Asl liustirfraitger/ie it was cfoonumedCeuiAaghta n dNPGu&mf or me d

f awwoabadnreti mi crobi al acti vilt isetsil haegnasi mtsit mibcortohb i baal c 1
CuAgl Ischyowiemcr easi ngvi it mhitthiet ihamgher concentratio
unt il at concendlrmdstond dmpéedtade F w@jwhoislae S.hat of

aur evass heppo.int ¢ he otGuedal Hoadnsde rmoace 9 h%nr educt i on
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bot h amdbhtee raind |
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mi
compared
compl etPe & gr u gilenndis a

nanopasrtshcdveed mor e

crobi al resul ts awt eornecent r
VAitt hc otnltcaetntofat 0 oS wif %.0. 25 a
ayrespect iGQveelryalall | opot h

desir abil eisna nctoimpiacrriosboinal o fp rp

Thiasit i mi acrtoibecs@itlu &1l e meamopar tnidd Iceateaad ht edtement fr

t hese

rel ease,

generati on

of

compoundpl mggpectl ewl iyn

i nhi biduanhg &sacihorm

ROS exerbsiymceirgéefelct £,r c e |

2069pecially, Qs Agd ON®PG'i sl ¢ hat was slightly | ov
as wed It iassy &L£mouCnfti corf, but the anti Bi c aovmdesals ef f
massively enhanced coBmxird enyy, w4 rnhhd gQdme eé2ng Zgmr ov e d
effectively act in similar WwWag8d4j o anti microbi
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CuAg and|[ Ca¥Y]Besi des, t here are many -braesseedar c h
mat erials can possess ofr EhBBACEI @udtrabnchrg e d b i al
mat esr iparlepar ed by nsdioyandt 6 parpmlesd ugvrthe a&th i alge i n
met aol sr eti nf orce di sp e hsmighmil loimdy2a&ati,d 0o &ivetnher st u
the aut hor sAIMNPE2ateeod N gct i ve efl @art etdumoarf | ammat
al so shows efndfriughthemmemrtsearch|[@®9dancer sol uti c
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FiguBAnbdi microbiAdMINPRasaomasenfal s sR.andards
aerugiam®@s a adfueutshgel at e couAMNRRRItlhloeld both bact el

the | owest concentration.
5. 4An6t i mi crobi al a-coadednaedgss of AMNP2

According to the results of our fthohRNMNMAobator L
|l oaded with AMNP2 was spun at a speed of 36,000
whi chcwakirmed by eneagyadalkielr sho®ngur,e thh &
antimicrobi &afeunmaet FNMIibA erse vials.e daer weeilblysssaabout 35 %
whitltlee anti mi cr ofbiibarleaaletdi wiittyh oOf. vawedwt AMNP 2
bacterbg aeabbuUBMMAR % s c amos ibdke rpeedl iydneali si bceci dey
have positively charged hmolieebrtesactchaegati vely
bacteri aP.s uaehr upgli 1Malda t itohreeldluyc,t b aoont eoafy asbiemp | y
due to entrapmeirdit biCemp dre ¢ opiy rReMrMAhiebr eonéas ol |,
the reduct i omnwadfi glhanaedti ecrtgitt & t the incorpomarteed AM
effectitvhebhygt,Erwhhi ch was anal ys.eNdeviem tthleed elsast At

121



| oaded PMMAiIflibked |l ed | esfBobmotleitambandel”ABNP2T
reseamcnhc oripoponmaptf e nanoiprrREMAIl s e
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Live percentage (%)

PMMA AMNP2
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Figu©An®i mi cr obipalr er esMMAt d0i. dbfr evs AWddd 120 a d e d
PMMA f abaePastaer dgi nos a
t hpur e PFMMAreduPB.edaer uwgeilblyosssabouyt wah@we® . 6f
w/ w% AMWNPs2bout. 72 %

5.%Summar y

I n conclusion, e dtic exmlpdienr d mtifianddor péi ap e cetfif w
nanoparti clAlepgrrto pfaNC@MPetstvewgo i nhi bit Agy €utf aot
el ements perfor med mbnwayskgtllad x barfehxecrdisass mat i on of

reactive oxygemvepeaevdidiehse (cRAS)ul adre f @mtgiedaennmd a nt

oxi dat i we cactrasessisng dBKMAge RNA,r oanddhmeesslrease of i or
i nterdawcth the functional groups tofauppreotcedlnlsul a
dysf undf®isdaoanlt act ddamagei al me mba amesl |l wlaadr | e ak

bacteri.all ndetatihwashedmesAdefef el ement s amongf Cu
t htthraelkove metedas symewget i cwaeshd elc t momrhd céaf f ect i v

single one.
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Af t erf otr ma |ABMNiPi?2i0 a dPeMIMA & | mastusc c e ss h el ymor e t han
doubl e r eR.ucaeromgitofoosamar ed to the ,uAg BMWMACHLLZ b e
areonsi dereahotbepet ent i al candidates for antin
bi omedi cal Menwe rnteleealiensgss s esitoi fburr ti nvessitagdbi éithe

t incorporate of more nanopatrticles into PMMA fibers.
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CHAPTER 6 INVESTIGATION OF NANOPARTICLE SUPERNATANTS AND
DISPERSANTS

6.1 I ntroduction

The anti nmicctriodiht@aw®dNA ACgu,Ag Cuaznnd AMMER2feavour abl e
antimicrobialwhidiroPwbh®Got!l eThe reason maneble exp
met andmpar ti cles suspended far ini g9 gamsdgeatidtela ptr on e
due gt awintdy ot her tfhaecrteolrys hraemccreaibdpgar ti cl es expos
mi cr obleai mf this thaplgbetiasbi | ity of nanopartic
varying wsoathhwvbiumé |l tohmefs@vouranabl exi nanbpatftoi cblees
opti malcloyepdomtad P MBA e

Thi s chaiprtietsit aiditlirhyset r ati o of gravity to Browni an
of nanopat tfli2idiigg wabased on t hehyddernosdiypngarniincd!| e s i z
of each ndVWREepLaAOQNKgl,e CuAg anwh &MMNPL 2densi agydof Cu
AMNP®ertheoretical l yt caal walil g@h te AlMMBZernmu wadtsi o n
converted from atnonmircdegamdeanagastpet srat ants a
di sper s adwtofsf BT Anrett h weks e pertf@eomraridyds sipran vand di e
mascsoncensrafThenspan val ue descrwhbeetsh ewi tthh eo nree |s
di spersanapaifitsi awi el® or nar riotw haensd. hTohwe muashs c on
showdhe concentration expressed by thépmam$s of
the mass of t.lDwetr@tl &lav e dlepepxopsenctteéatt h o nlsower span
sharper sizantlhethrmapdusmorinc e nttrhat iben ter .t he dispe

6. Nanomaterial s
6.20Gener al

Al l engineerednandpavanrnelles awer e used asfineceiv
dar k aweéenwellated®l cuapkEe siedo2n 0

6. 251Ul ver

QNA Ag was engineerfr™dhevimalt lpd aTenai maechnol ogy |
I ntrinsig Material s (f oNHRAH(IFi sQienretScqg wNiani of mactE
added rigaNtA WBpri or to the sBhéeaade ®mepmr o e’d.s?2
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6. 2Co2pper

CommerNF aGwh®ur chased from Suzhou QQan fwaos Na mo nTe
t o hav-e3010nm particl e assipzheeri @ adlieh e & mgeatfa hi s
namat erairedsntical to chaptelrepedeSeotieby BefoBt ¢

6. 2Cu3Ag | oy

TheommerQuAmganoparticles wer e pAlrderhiacshe d( Dforrosne t S
NHOH( Fi sStté re ntUiKjviasE add e ecatAd§Ppri or to the sonicat
The (detftanmat erairaeldsent i cal to chapter previously
Section 3.2. 4

6. 2AMINPf2or mul ati on

AMNP2vagpreviemngirtyedl rbtyri nsi g Material s (formall
using thét Aesmmbh pl as mal 6tTehceh ndsebtbaitlhi s amaet er i a
identical to chapter prevSeous8b2y 5reported, pl eas

6.13nstrumentation and methodol ogy

6. 3T.himatri o0 of gravitational force to Brownian fo
A functional suspenkeom ke expepersli dn stabl e
easily occur diTop e e dwehdett dneatntolpiaregi.s pk e &kieeps t he

suspension st abl ahog hryastiica |l 0 fyf ogrtcaev iBtr mtwind rmanl f or c
estimakeli hood 2fi®r] settling

Y 6 OEQEDT 6L QO CXBE QAL 66 0 & WEIE GO — (6-1)

Where r is thegipsartthiecldee nrsaidiiyusdi fference bet ween
phaseghavityi €f @K ttthhe Bol t zma@nopa&p p st @nn
and temp¥rcadyur e
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6. BT.heheoreticalhmedeanbey etyheofwei ght percent

The denamitytfuxflel ows t he rul e bafserdi thurtehe,Tewmisd h
determine thkeedesbdwmplvgiightdef | 2&8,:a214]

—_— - - - (6-2)

Where” AT’Aare, r estpledeetnysoidi §¥f ek e méamtdisicoe @ 6 h e
wei ghtofr athimpTlRe cal cul ation assumes perfect mib»

initial volumes of the metals equals the total
6. BP.reparations of nanoparticle dispersions

All nanoparticleswer e wei ghed wusi nSthiananiziu.ddmil aacieuih al |
AWV | iquid processor (Sonix®, & Malx emm,al 3EQ WSAy 't
20 kHz) was used to disperse nanoparticle suspe
Pl ease $eecfteront o. 3.hle specification of sonicatio

6. BAnal yesasnophrticle supernatants and dispersan

l nanoparticle s,upaeceratanatisnsdypfwelr@e0@®@p apend s asiph
2 mgQMNA /ANA N&sof wiverdd speird@dmL opuAer paree cl e
watesing high pofwer &t eSaccett s p B nwsaisoma keemd h e n
stobdr mBAubebore mea$mkbeméntsupoefr ntatensg wapensi o1
col | ec taendd hddani |l tyesriendy 0. 1 Om syr itngeulh mil t eed (tMd | N
for 5 days.

l manoparticle dcepeestndtOisdnbsly®@@dndopm swempel es
prepar e@d2/Wk/inogh hfeour sel ect ed QNaA dAmgat eNrFi &Clust 0, Cu
AMNBdf whwecdkiper siend 20 mL pafreApfaoce e civeit g pr obe
soni cadtwwirondat edlnlamgl es dwearedccd & ged i n syringes d
measur emaepbmpl e s$wnr ewaagsko | | ecit gldi ¢ @t € rat beginnin
10up t o WwWtOesnmdiunr i ng whi ch t hPel esaysrebensgeee osnf edy. s3t. B2e i |
specification of NTA.
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6. 8BT.hevBl ue and span value

A D-value can be thought of the cumulative undersize distribution showing the relative
amount at/below a certain size. Usually, D10, D50 and D90 are used to investigate a particle
size distribution curve.

A relative fractional measure of width is obtained by dividing (D90 i D10) by the measure of

midpoint D50 as follows:

i N pmimb (4-1)
which is referred as the span value and gives an indication of how far the D10-to-D90 range

of particles is normalized with the midpoint (D50). P| e assee€&e ct i onf odmo¥ .e3

expl asgation

6.8l.nt er pmet hfoaprae t i cl e camde st rathiuanodn

The nanopatrticle size distributions were interpreted usingt he fAv er asdisgayed i e wo
Figure 6, where the size distribution graphs were presented sidebyside. The resul ts of
nanopasuspmgémsi on at ad@f & p doathe x-akis anc consists of five

different symbols in a collinear line with different representative symbols. D1 0 and ,D90 ar
respectively, r e pr e s e nviodridngléd gymbols (7 a n d . #Fhe value of mode size,

median size (D50) and mean size are, respectively, represented by star (C), square (A ) and

round (, ).
I n addigwdxn s @ahowsl c o nocfe ntthrea tni aonaoppraersteigctleed by
barTshhe speci fciocn cveanltueatofon i s | ocat€E€demrmef dmhe, bioh

hydr odypnaarmtiicc| e concentration and size distribu
be showed together.
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® Mean
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FigurnA €chematic grpphtoftcl analoysiemhd g tartii mwt iamn
Ley-daxis shows the samel ssspensi ¢ogn waciomtsiifsftesr e n
of five different symRgHgi sf shbwosnalelhibimratrn olni e
nanoparticle repr elshentsgpechyf igr evyval lueer 0.f concent
bottom of the bar

6. BUNIit conversion @Efmdm particles/ ml to

Toconvert béetheofmupaemtil ¢liesd rtehceo nmaang r ati on, it I
estimate the vol uwmbei cobf trehedothi ptatred ¢l geshipay t oE | e

antdhe number toof opbalhrmtcbinna:lems&)i ptpiraocsn f ol | owi ng:

w 1 0i "|'/3\@A(‘)(§7£A\""’%fcq1 ( ®)

Whemes the mass concent “aatc aorne otfh et hdee npsairttyi ca red,

eacpharticle, respectively.

6.4 Results and discussion

6. U4T.heoretical cal cul adti ami loift v he nanoparticle

The rati o off ogrricaev iBtraotw noioabnl nfaonrocpesarst i cdlesul at ed
Equat b-bnTh(e partwad edeastigremi nendagbess SEMorted el se
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[ 16®h]e averaade cl e si M OUl®@DNAGWNMYFPLand, respecti\
10,0 D@, damdmThe density aofe eGu eacn@h gAQMP e B w

pT[TQ'm CuAg and AVNP2 are simpl yBaseds iodertende anse i
per agretr demmct i on, 3t hedt B eoroef@u Aapl | lushieEngpui attye-2) n - (
wad0. 463kigPMhe denSNNBRoafmulustibgonat 6-)wa @ . 83

I 1%0kgP wmhose wedrghdnwasgal culf atardo npecr c e nftlate]

Speci filkhal wwieglttent age of C, W, Ag, Cu and @)
16.34%, 11. 06% aedp2c84 wel y.

Browni ani sroe inbonvement of particles suspended in
at random speeds due to k£»®L1lBHe ipmparst iwdltens oitrh eme
stablyfdiomfuegi ons of high concentratwidm tao mree
and dvMidgeveal y throughobt st pbeomedbuims called di
be consindaecrreods caopi ¢ exampl e Fofr Branwmpiaan i mbti Gcmu.s
Browni anhanotaostronger eff ewitcrtoon mairmntiailne st hen
phase before forming | arger partlifcltelse whu mehr aatrc
geatramanoparticl esarien Isiukseplegnggtonmadc ame settl i ng,
gr eadteeromi natdomaasteablyetidanwe vegru,at ( Andoes not take
account potenti al npoar tsiucrlfeasc pi2nitk deractamecnetn sr at i on
electrically chatrlgedssabipkeinsyoof the suspension
thel ectrost et wedmr pralsitciichig@s c atz e thbaoli ye 1j t9i64d A s

menti oned i n t hSeecste coonmhd® . Dd N6IO sothaetderehh he repul si v
forces overcome t,hedjatenacpiavei torstbe pedl eachf
absoketa pothée gfthihael siusspensOmnt ies dmtbdaeparti cl ec
t@aggregadet he abad awwlzretoef patsentoivalvahamnm atcheivse f or «

hi gher.

Therefore to predict whether nanoparticle suspensions keep the suspension stable
physically or notthe ratio of gravitational force to Brownian forces are tabulated belowable
6.1), dong with the results ofzeta- potential in Figure 4.17 As can be seenthe value of QNA Ag
CuAgand AMNP2werein the same order of magnitudeand greater than that of NF CulOThe
suspensions 0QNA Ag and CuAg weresupposedto be fewer stable systers, sothey were
previously treated with NEOH while NF Cul0 does natRegarding zeta potentigalQNA Ag had
the highest absolute zeta potential values, followed B§WINP2and CuAg, andastly by NF Cul0.
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Tabl®Thée. rati o of opgtcoa vBirtoawniicanna If-potcest iaald dftsar

calcul &Egeat 6-.n (
The zeta potential v&twoutisodwe4edobtai ned

Sampl eCon(cpepnn;[)r Zet a potentThet 0r aBtrloownoifangr1

10 31.37(N7.
QNA Ag 50 21.33(NO0. | 1.4 % 10

100 -30.6(N1.5

10 8.07(N1. 4
NF Cul 50 9.27(N2.6 1.9 % 10

100 8.82(N5. 9

10 -19.13(N7.
CuAg 50 22.17(N1. 1¢

100 -18.47(N2.

10 9.64(N1.9
AMNP 2 50 20.63(N1. 2.9 % 10

100 23.77(No0.
Unforturmekpby) menkearle | amilhearde s tgldgdt wpendi cti ve
modealnd experiment al reagyt e past itome asmtdudsyetdfl i n
nanoparQnelofs Lhgaeadgld.2012)dewted oped an anal yti c
to predict the sti#nbhoegzedtpar o i€ dTeheesyp earsssiuamTes
the nanoparticles aggséegatdesiake bef brles eshedt rtmiii ong
Afterwards, the Newtonian force takes over the
can be calcul ated. A feature of thidsptwer kcals
aggr eshpatte accommagpdteeaiggalesgiletpeend upon fr.actal di
On t he otih ecrhsal d rgdggaipntgulree mo v eeneastiynagfh ro p airn i cl e
medi um and calcul ate the overall othangéaoflthee
a | onte mofr ycalndul atcii.o §T hcea pnao s ime @ s mnmemad rhtotdmii »s
nanoparticles intodempdludrloyn medduraendt h-ei gqeisad ent
interflhete this deegdaomd yeibglelrwatsubpeawicwnd i ficat.i
For i nWM dahmeaee b . (2012) s taiglg reag atthieon and efBttl in
alumina namepartiitsl € sosl mlgatr d gr gopohiyntand asymal |

scattlez2liMlgt ernatdhwednlg 201 N)vesti gatdeddenhhatigon
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al uminmnoparhy ctleeshtei nagpsor banc eu soilh\Gpesp e opihmn omet |
which relies on the a&adtsormijahkRkjThrsef espkui ment
focused on spencoisftilcy naaltauerdinaalssia( | y had some | i mi
condi ttiod h otwisnegct i oan g mch al gisepersi bility of nanof
with NTA.

6..48upernatadfy engi neered mManamar tQINAIl €g

Theuper maf a@QNAuBpensni amt alwerheeasdagd by hETA an
res ulstho wirFsi ign6r3.eTh ema x i muanc@Iln c e n tf r ootm d i ovfe Q@NaA sA g
achieved the highest. ThamowWsei mmmdt meabnbi nd @QNA A
remaisnedhbbe first tflhedy achayscahtiyi2ida@dde da8&d8 nm
on the ,Frespedaiywelayfddi t-ti-®@0 , r D @geQDNAO A aexdhd @
peakn t he | asmayayatwhibbted to the f o@weartaloln, of
this result showed satsabfeceystrems mdone &aond hig

at hough the theoretical ratio of gravitational
A D90
180 1910 | o Weansie
d * Mode size
A q8x10° L= P
160 - i =
1 e l : - 7x1o*‘§
(8]
—_ - ‘+ R
g 140 I e 16x10° §
N 120- ¥oosx10°§
(] ; ' : : =
2.1 J ? | {ax10® £
[®) | !
£1001 ¢ 3 ] g
& ] * i ‘ {3x10° €
80 i i o 42x10° ®
] s ke
" 8
2.13x10° 1.35x10° 6.74x10° 1.98x10° 32310° |
1 2 3 4 5
Day

Figurégheé. NTA orf@gsAulétgsper rsat ant
Themodei aed meiane of QNA sAtgabrheemahienefdi r st f our
dramatically incr dhee thitganteasih ec d mcsd n tdragyt. i on was
third day.
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Fi gurdes héo.ws t he result of iTQNAt o€Cwl s wdgetrétaatla g s
concenstraomohiared dBHB® 0 ranhg@®@NAeCfel ucd. T hii s

because every wasashra«kmeantand t hen stcacaptfuore. 30 n
t he meatnhtel mieex,peti menht nfoamount of volhemer duiecabl
t healt odoncentration shbaelhotdacsieaseceos]l QAtCY . s uj
bet ween 41.3 and 1Z®mpbammdi whthveadamén, the r a
gravitational force to wBarsoownd rant Hfaomr ctelsa to fo fN FQ NX/
CulO had | ow zet a thpeo tNeTPA ireelsudnd fsihmealaldysit ad | ®uU s

A D90
= D50/median size
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FiguRB&gheé. NTA r es CQulstusp eorfrs.aldNaAn t
The mode size of QNA Cu supernat anfthev daroitead be

concentration fdfuc@NAtGu was

I n concl mei deveda £ WQINsSlg aQNdCu suspeliheiietnesy resul t s
ofsi ze distri butwieoseki gt INAhAthtelrp d e ddymarmiiccl e

concentration amd sQNzAe Cdli euetrieh indddbgm@aoi Ny di sper s
suspermagieomi ghl y Trnaakeedso m tt dduidfefgiccNullBAter elsruladgdi t i on
this experimenlt @mssysetlgeekpbterremove | arger
observe individual nanoparticles. However, t he
antheactual particle sizélshoultdhebawildahged8hds hw
Innext rgeacntoipoarti cl e dwaspenrfsaminelbdtuldeyr . met hod
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6..3Di sperssadty commerci al and engineered nanopart

n t

his efxpuerisnesnpbasgong over time were measu

nanoparticle dit swas ¢foomitngskteu &iymi natt @ sc o nphliecthe

al poewenint aminatPhgasacndodti ¢ ythat due to poor d

N F

mi n .

6 .

CsluGpension was tdhnmleiemeng asandetdhe | ast measur

4 Thdilspermearstur emengéndiNAg

Fi guwde 6&6s hotwheTA r esaingisn @frAe g at t hprreeep adriaftfieorne

c
[
t
c
[

onc
n t
he
onc
ncit
nfl

entfhO, om@pgpnd TiOe yc owelreed t ok gi nenv eargy ah@ mi n s
ot al Tohhe htadtfalhocuoncentrati on fod@r0Q@NAudgA®d at 1
size wWwasittit batWibtahn giendc.r easi ng pr e tpheer atoitoan c
ent rNA oAng oaft ( d10e p wimalresc)reeda shiyll 8nti nub efsor e

e lhle end of, twhd |mertihmdaw fanl O®dp poqudnit the atnr e n
ecti on poiRetc ad tlif madhsazrdiisrsmdles than D50 and meanwhile

D50 is smaller than mean size (mode C < D50 A < mean _ ), it is positively skewed

distribution which represents the distributions contain more tiny particles otherwise it is called

negatively skew distribution. All results of QNA Ag maintained positively skewed distributions

during the measurement.
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