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1. Abstract

Nanoparticles (NP) are a class of modern and vkrsataterials that have an
extremely wide range of possible applications tat really improve the quality of life for
many people. My research in the field of NPs wasu$éed in three directions: NP synthesis
by coprecipitation, NP characterization and NP aggtion in diluted agueous solutions
monitoring.

In order produce NPs for being widely used in bidioal applications, substantial
amounts of nanoparticles have to be produced easonably low cost, therefore they have to
be produced in an industrial manner. A sectionhaf thesis presents the results of my work
that was directed to researching, comparing, tarawipg existing recipes of manufacturing
suspended in a low cost carrier fluid that can beduin biological applications, which is
water.

Two recipes for manufacturing ¥& NPs suspended in water were established, and
used. The first procedure carries on at room teaiper leading to bigger NPs, yet in the
range of tens of nanometers. The advantage of sityptomes with the disadvantage of
containing maghemitey{Fe0Os3) along with magnetite (5@,). The NPs produced by this
procedure can be used as drug carriers for biorakedpmplications, as the big size prevents
them to penetrate the cell membrane. Fe3fesents the main advantage of being
metabolized by the human body. During the secondgulure the temperature was carefully
monitored, controlled and maintained at’@5during the co-precipitation stage of the
synthesis. The change favored magnetite formatmghta prevented maghemite formation at
lower temperatures. The nanofluid we obtained veak dlack with no red or brown reflexes,
meaning that the nanoparticles were magnetiteQffenot maghemiteytFe,0O3). Both these
procedures are simple can be upscalled and tumtedan industrial process and this is a
possible direction of research in industrial enginey.

Once the nanofluid is synthesized, it must be atar&ed in order to make sure that
the physical parameters are in the range requiyeithdo application they were designed for.
The thesis presents the procedures that were wseshdasuring the electric conductivity,
surface tension, thermal diffusivity and effusivity

Nevertheless, NP size is crucial for this type @itenials. The three methods used in
assessing the NP dimension, the X Rays Diffrac(®RD), the Dynamic Light Scattering
(DLS) and the Atomic Force Microscopy (AFM) areaxgtsally different from each other and



my contribution on improving the DLS and AFM tectmés are presented in detail in this
thesis, while powder XRD was used a control.

The XRD diffraction pattern illustrates that themgde obtained in our synthesis
conditions is magnetite g@, - cubic crystalline structure phase. We found thatcrystallite
mean size was 10.9 nm.

In the traditional DLS technique the width of th&acorrelation function of the time
series is proportional to the diffusion coefficiemtich, on its turn, depends of the particle
diameter. My contribution to the DLS procedure dstssof using the fit of the functional
form of the Loretzian function to the power spegtrdensity rather than using the width at
half maximum of the autocorrelation function of ttwme series. The improvement lays in
using more data points for the fit, thus increadimg precision. Nowadays there are many
commercial devices for particle sizing and they di$ierent lasers and measure the signal at
different angles, but in 2008 when my first artiole this subject was published, this was an
improvement.

The AFM technique uses an image reconstruction feutcessive lines acquired
during a scan of the surface. The NP size detedriyeAFM is consistent with the results of
the DLS and XRD techniques. Moreover, the AFM carubed to investigate the small size
particle distribution “tale”, while the DLS is sidicantly less sensitive for smaller sized
nanoparticles if the particles have a wider siztritiution. My contribution in using the AFM
technique for NP sizing lays in establishing a pecot for sample preparation, analysis and
data processing together with the error analysisquure.

As extensively presented in the literature, NPs gy promising for biomedical
applications. The body fluids are aqueous solutenms FeO, NPs aggregate fast in such an
environment, therefore investigating NPs aggregatignamics is of interest. A part of my
efforts was directed to the development of thigaesh area, as well.

First | improved the code | wrote for the modifiBdLS procedure to slice the time
series into time slices of the desired length an@ralyze each slice to assess the average
diameter of the NP aggregates. The procedure i flexible, leading to the desired time
resolution and producing the average diameter tianian time.

The second procedure that | used in NP aggregatiomitoring was the Static Light
Scattering (SLS) procedure that uses the variatibrihe computed average anisotropy
parameter g with the diameter. The far field waorded and processed later on using the
codes | wrote for this purpose to produce the \sahfethe scattering anisotropy parameter g

at different time values. Using the computed valokshe average anisotropy parameter g
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with the diameter, the variation of the aggregatl@mension in time is quantitatively
determined, thus enabling NP aggregation monitoniitly the desired time resolution.

In addition to these two elaborated proceduresgrotivo simple optical procedures
were proposed for monitoring the nanoparticle agmgien process. The first procedure
involves a precise and repeated measurement akfrective index of the suspension after
dilution using a modified Abbe type refractomet&he refractive index exhibits a fast
increase during homogenization followed by a fastrdase and than a slow decrease. The
fast decrease corresponds to the aggregates fomiatithe suspension and lasted for about
20 s but this time interval strongly depends ofdeemetry of the sample container.

The second procedure relays on the Rayleight sicagtepproximation and requires
recording the scattered light intensity at a snsalatteringd angle and averaging the
fluctuations. The increase of the averaged scaltdight intensity corresponds to the
aggregates formation and was found to be consistghtthe time interval found using the
first two procedures.

The time intervals assessed for aggregates formati® consistent with the results of
the DLS and SLS aggregate size monitoring, theeefige can conclude that these two simple
optical procedures can be used even in a quanétatanner in NP aggregation monitoring.
They suggest that simple devices can be designestiban the physical principles presented
in this work and can be used in monitoring différetages of industrial production of NPs or
nanofluids. For this purpose a standard cuvettetrhasused and a calibration using a
standard procedure, like DLS, should be perfornmegarallel with the two novel methods
presented in this work.

In conclusion, the modified DLS technique, the Spfcedure, NP aggregates
monitoring using the variation of the refractivedéx and the variation of the average
scattered light intensity | proposed remain rekdiivsimple procedures and this suggests
several possible directions of research in thedfief industrial engineering, which is
developing low cost devices that can be used bothNP sizing in suspension and for
monitoring the aggregation process, feature thatois available on the commercial DLS
particle analyzers. Such a device can be attaahddetrecipient where the synthesis carries
on in an industrial manner, to monitor the NP simeng the coprecipitation phase, and this is

a new direction of improving the NP synthesis omimnitor the aggregation process.



2. Rezumat

Nanoparticulele (NP) sunt o clage materiale moderrg versatile care preziatun
spectru foarte larg de potee aplicaii practice si care promit & imburititeasé viata
multor oameni. Cercetarea pe care am d@asht-0o Tn domeniul nanoparticulelor a fost
concentrat pe trei diregi: sinteza de NP prin coprecipitare, caracteriaaranoparticulelogi
urmarirea agredrii lor in soluii apoase diluate.

Pentru a utiliza nanoparticulele in apticdiomedicale, acestea trebuie produse in
cantitate marai la un cost relativ mic; aceste deziderate pdinéleplinite numai dacse
produc in mod industrial. O sfme a acestei teze prezintezultatele cercati mele in
domeniul analizrii, compadrii, imbunatatirii unor proceduri de fabricare a nanoparticulelor
de FgO, suspendate intr-un fluid biocompatibil cu cosizst, cum este apa.

in urma acestor cercet am ajuns la dauprocedee simple de fabricare a NP dedze
suspendate in ap Primul procedeu decurge la temperatura camgreire ca rezultat
producerea de nanoparticule cu dimensiuni de drdieailor de nm. Avantajul mare al
simplitatii procedurii vine Tmpreuh cu dezavantajul acsunt produsei nanoparticule de
maghemii (y-FeOs) impreurd cu magnetita (R©,). Aceste nanoparticule pot fi folosite ca
ageni purtitori ai diferitelor medicamente, daau deranjeaz prezemma maghemitei, intrucat
dimensiunile mari le impiedicsa penetreze membrane celuleizBgprezing marele avantaj
de a fi metabolizatde organismul uman. A doua procedpresupune un control atent al
temperaturiisi mertinerea ei la 7% n faza coprecipitii. Aceasti schimbare favorizeaz
producerea magnetitgi impiedica formarea maghemitei. Nanofluidul @tut avea culoarea
negru inchis, &a reflexe brune sau gmtice, ceea cea a#iati cortine doar magnetit
Ambele proceduri sunt simpke pot fi usor transformate in procedee industrigileaceasta
este una din dirgide viitoare de cercetare.

Odati ce nanoparticulele au fost fabricaiese afh dizolvate intr-un fluid puétor,
acesta trebuie caracterizat pentru a verificai qerametrii fizici se gsesc in intervalele
cerute de destiia nanoparticulelor sau nanofluidului. Teza prezmocedeele simple care
au fost utilizatesi rezultatele obnute in determinare conductisii electrice, a coeficientului
de tensiune superficigla efuzivititii si difuzivitatii termice a fluidului.

insa dimensiunea nanoparticulelor din suspensie esteteaistica principala acestui
tip de material. Am folosit trei procedee princgapentru determinarea dimensiunii
nanoparticulelor, respectiv difrge de raze X pe pulberi policristaline (XRD), Diniaan

Imprastierii luminii (DLS) si microscopia de fad atomica (AFM). Cele trei metode folosesc

4



principii fizice diferite. DLS si AFM au fost folosite pentru determinarea dimensiu
nanoparticulelor iar XRD a fost fologita metod de referins.

Analizand curba aomuta folosind XRD am @sit ci proba era cristalif) cu reea
cristalini cubica si distarta dintre planurile cristaline a @at & este magnetit iar
dimensiunea medie a Np a fost de 10.9 nm.

Tehnica DLS in varianta trgdinali presupune inregistrarea unei seri tempogale
calcularea fungei de autocorel#e. Largimea la semi-ifltime a fundei de autocorelte este
propotionaki cu coeficientul de difuzie al particulelor, caide, randul &u, depinde de
diametrul acestora, ceea ce permite determinarerdimnii medii a particulelor. Contriba
mea la Tmbuditatirea tehnicii DLS conétin fitarea formei fungonale a fungei Lorentz pe
densitatea spectiable putere a semnalulgii gasirea diametrului particulelor din parametrii
fitului. Acest procedeu are avantajul fitarea se efectueazpe un nurir mult mai mare de
date experimentale, ceea ce Tmiiireste precizia fidrii. In prezent exist multe dispozitive
comerciale care pot face o analidimensional a particulelor din suspensie. Aceste
dispozitive folosesc simultan mai multe fascicuésdr de diferite lungimi de uldsi
inregistrea semnalul la mai multe unghiuri. in anul 2008 cand publicat primul articol pe
aceast tema imburatatirea a constituit o noutate.

Tehnica AFM congt in a inregistra profiluri succesive pe piop a reconstitui
topografia suprafei din aceste profiluri. Dimensiunea nanoparticuiepe care am
determinat-o folosind tehnica AFM este Tn buroncordati cu dimensiunile gsite prin
DLS si prin XRD. In plus, dup cum am aitat in articolele pe care le-am publicat, tehnica
AFM poate fi folosi# la investigarea gvtii de dimensiuni mici a distrilgiei nanoparticulelor,
intrucat tehnica DLS este maitpusensibii la aceast parte a distribgei. Contribdia mea la
dezvoltarea tehnicii AFM consin stabilirea protocolului pentru prepararea proberederea
scaririi, a procedurii de analizare a datejotn determinarea erorilor sistematice ale metodei.

Dupa cum a fost prezentat pe larg n literdtunanoparticulele sunt materiale
promitatoare referitor la aplicale biomedicale. Fluidele corpului uman sunt golapoase iar
nanoparticulele de E®, se grupeaizrapid intr-un astfel de mediu formand clusterregate,
ceea ce schimibrapid proprieitile fizice si reologice ale fluidului in care sunt dizolvatenD
acest motiv investigarea dinamicii agkegnanoparticulelor este un domeniu de inteyies
parte din eforturile mele de cercetare au fostcdoeate in aceastdiregie.

Pentru inceput am modificat programul care facdizmale tip DLS a unei serii
temporale in sensulidransforna seria intr-un nu@r de @antioane de lungimea darii face

analiza DLS pe acestgamtioane succesive. Produce in felul acesta o sweeede valori ale
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diametrului mediu al nanoparticulelor. Procedurta ésarte flexibii Tntrucat se poate selecta
durata unui gantionsi se poate ofne wor varigia in timp a diametrului agregatelor, cu
rezoluia temporal dorita.

Al doilea procedeu pe care Il-am folosit pentru runEarea agregii
nanoparticulelor este de tipul Static Light Scatig(SLS). Acest procedeu folase faptul @
coeficientul de anizotropie g la Tmigtierea luminii monocromatice depinde puternic de
diametrul particulei care imggtie lumina. Campul de interfergna fost inregistrati
prelucrat ulterior folosind un program pe care l-aanis in acest scop, calculand valoarea
coeficientului de anizotropie la diferite momente @wmp. Folosind dependgncalculai a
coeficientului de anizotropie de diametrul centritbke Tmpéstiere se calculeé@zvaloarea
diametrului la diferite momente de timp, cu rez@lutemporal dorita, permtand o
determinare cantitatiiva variaiei diametrului agregatelor in timp.

in plus faa de aceste dauprocedee elaborate am dezvoltat alteidmocedee simple
care permit monitorizarea procesului de agregareaamoparticulelor. Primul coristin
urmarirea variaiei indicelui de refragie a suspensiei in decursul dizoiv sau amesteiii
nanoparticulelor folosind un refractometru de tipb& modificat. La Tnceput are loc o
crestere rapid a indicelui de refrate, urmai de o s&dere rapid si apoi 0 sédere leni.
Sciderea rapid corespunde foramii agregatelor in suspensjedurata a fost similarcu cea
masurat folosind primele doluprocedee.

Al doilea procedeu se bazéape aproximaa Rayleight referitoare la Tmjtierea
luminii si presupune inregistrarea vaig intensititii luminii imprastiate la un unghi mic in
timp si medierea fluctugilor. Cresterea valorii medii a intendtii luminii Tmprastiate
corespunde forarii agregatelorsi durata acestui proces este compa#abil timpul de
agregare determinat prin primele douetode folosite.

in concluzie, procedeele pe care le-am dezvoltattrpemonitorizarea agré
nanoparticulelor respective varianta modificale DLS, de SLS, monitorizarea inteasit
medii a luminii Tmpéstiate si a indicelui de refrage sunt procedee simplg testate care
sugereax cateva diregi de cercetare in domeniul ingineriei industriadeeste diregi pot
consta in proiectaregi construirea unor dispozitive simple, conectateuta PC cu softul
corespunator, care pot fi folosite in procesele industrigle fabricare a nanoparticulelor
pentru analizarea dimensioaaln diferite faze ale sintezei lor precugn in industria
farmaceuti@ la evidenierea si monitorizare agregii nanoparticulelor in cazul folosirii

acestora ca puitori ai diferitelor tipuri de medicamente.



