Vinerutys texHudKuX HayRa CAH Y
/7% /!
Zz‘ oC. 20 ‘{3 o,

Kues Muxajnoeas 5/1V, beorpax, T 377
Ten: 2636-994, 2183-437, Gax: 2185-263

Bp.

Hucturyt Texuuuknx Hayka CAHY
KHe3z Muxaunoea 35/1V
beorpan

[Mpeamer: 3axTeB 3a nokperarwe nocrynka 3a pewzdop y 3pamwe mMp AHe CrankoBuh., wcTpakuBaua
CapaJHUKa y 3Batbe UCTPaKUBay capaHuK

HAYYHOM BERY UHCTHUTYTA TEXHUYKHUX HAVKA CAHY

Monum Bac na, y cknany ca [lpaBHAHMKOM O MOCTYNKY M Ha4dyMHY BPEJHOBAHA, M KBAHTHTATHBHOM
MCKa3uBakby HAYYHO-UCTPaKMBAuKHX pesyarata wucrpakupava (Cn. [nacuuk PC, Op. 38/08), u
[IpaBunuukom o cTHUamy 3Batba ucTpakupau capaanuk, Hayuno sehe Mucruryra rexnnukux Hayka CAHY
MOKPEHE NOCTYNAK 3a peu300p Yy 3Bare UCTPaKUBaY capajiHHK.

3a unaHoBe KoMUcHje 3a npunpemy misewtaja Hayunom sehy npeanakem:
- ap Cmusby Mapkoeuh, Buier HayuHor capaanuka Mueruryra texunukux Hayka CAHY
- ap Marpaneny CreBanosuh, Builier HayuHor capaanuka Mucturyra texnuukux Hayka CAHY

- ap Hparany Jyrosuh, HayuHor capaaHuka MHeTuTyTa TexHuuknx Hayka CAHY

V npunory nocrasibam:

. buorpadmjy

2. buGnunorpadujy

3. VBepetbe 0 3aBpLISHUM JHIIOMCKUM CTYAHjaMa

4. Vsepere 0 0A0paEHO] MarucTapekoj Te3u

5. Opanyka o u3bopy vy 3Batbe uctTpaskupau capaaHuk w3z 2010. ronune

6. Jlokas o oGjaB/beHum pagoeuma noche uzbopa y 3eambe 2010, roaune

V Beorpany,

22.05.2013. IToanocunau 3xtesa:

mp Ana Craknosuh, auni. pusMkoxemuuap
HUcrpanupay capanunk MTH CAHY



buorpa¢guja mp Ana Crankosuh

Ana CrankoBuh pohena je 13.08.1979. romune y KpymeBmy. ®Pakynrer 3a
¢u3nuky xemujy YHuBepsutera y beorpany ymucana je mkoncke 1998/99. rogune, a
aurioMupana je 2005. roquHe onOpaHHUBIIM TUIUIOMCKH paj] MoJ Ha3uBoM ,,IIpuMena
rio0anHe ONTHMU3AIMje Y MaKpOMOJIEKYJICKO] KpHcTanorpaguju” M CTEKIa 3Bambe
JIUIJIOMUPAHOT (PU3UKOXEMHUYApA.

[Tocnequmnnomcke cryauje ymucana je Ha Dakynrery 3a (QUT3UUKY XEMHU]JY
mkoscke 2005/06. roqune. Y HOoBeMOpy 2009. roaunae Ha UCTOM (akyaTeTy on0paHHIIa
jé Marmcrapcky Te3y IIOJ Ha3WBOM ,,YTHIA] IapaMmerapa TIpolecHupama Ha TOK
MEXaHOXEMH]CKEe CHHTE3€¢ M CIIpeYyaBame I0jaBe arjioMepalidje CHHTETHCAHUX HaHO-
CTPYKTYPHHUX IIPaxoBa” YHME je CTEKJIa 3Babe MarucTpa (pu3nuKoXeMHujCKUX HayKa.

Y Huctutyty texunukux Hayka CAHY 3amocnena je ox 14.07.2005. romguse.
Kao wucTtpakmBau capaJHMK aHT@XOBaHa je Ha NPOJEeKTYy HMHTETPAIHUX |
WHTEePAUCIUIUIMHApHUX ucTpaxuBaba WMUN 45004 ,MonekynapHo Iu3ajHUpAmE
HaHOYECTHUIA KOHTPOJIMCAHUX MOPQOJIOMIKUX U (U3NUKOXEMU]CKUX KapaKTepUCTHKA U
(YHKIMOHATTHUX MaTepHjaja Ha BbUXOBOj OCHOBHU .

OOnacTu WHTEpecOBama Cy joj: IMHK OKCHJ, (YHKIMOHATHH HAHO-MaTepHjallH,

METOJC CUHTE3C.



bubaunorpaguja mp Ana Crankosuh

Pan y Bpxynckom mel)ynapoanom yaconucy (M21):

1. A. Stankovi¢, S. Dimitrijevi¢, D. Uskokovi¢, "Influence of size scale and morphology
on antibacterial properties of ZnO powders hydrothemally synthesized using different
surface stabilizing agents"”, Colloids and Surfaces B: Biointerfaces 102 (2013) 21-28,
http://dx.doi.org/10.1016/j.colsurtb.2012.07.033

PagoBn y ucraknyrum Mmel)ynaponaum yaconucuma (M22):

1. Stankovié, Lj. Veselinovi¢, S. D. Skapin, S. Markovié and D. Uskokovié, Controlled
mechanochemically assisted synthesis of ZnO nanopowders in the presence of oxalic
acid, Journal of Materials Science, 46, 2 (2011) 3716-3724, DOI: 10.1007/s10853-011-
5273-6

2. A. Stankovié, Z. Stojanovi¢, Lj. Veselinovié, S. D. Skapin, I. Bracko, S. Markovi¢, D.
Uskokovi¢, "ZnO micro and nanocrystals with enhanced visible light absorption",
Materials  Science and  Engineering B 177, 13 (2012) 1038-1045,
http://dx.doi.org/10.1016/j.mseb.2012.05.013

Pan y yaconucy oa HanmuoHaaHor 3Havyaja (MS3):

1. S. Markovié, A. Stankovi¢, Lj. Veselinovi¢, Z. Stojanov¢, Dragan Uskokovié,
"Kreiranje morfologije i veli¢ine Cestica ZnO prahova", Tehnika, 5, 2012, 685.
http://www sits.rs/include/data/docs0374.pdf

Caonureme ca mel)ynapoanor ckyna mramMmnano y uzsoay M34:

1. M.J. Luki¢, A. Stankovié, Lj. Veselinovi¢, S.D. Skapin, S. Markovi¢ and D.
Uskokovi¢, Mechanochemically-assisted synthesis and characterization of Zr-doped
hydroxyapatite nanopowders, Seventh International Conference on Mechanochemistry
and Mechanical Alloying, INCOME 2011, 31. Avgust — 03. Septembar 2011, Herceg
Novi, Montenegro. Book of abstracts, p.93.

2. A. Stankovi¢, Lj. Veselinovi¢, S. Markovi¢, S. Dimitrijevi¢, S.D. Skapin and D.
Uskokovi¢, Hydrothermal synthesis of ZnO nanostructures with different morphologies
and their antimicrobial activity against Escherihia coli and Staphylococus aureus
bacterial cultures, Thirteen annual conference Yucomat 2011, 5-9 Septembar 2011,
Herceg Novi, Montenegro. Book of abstracts, p. 166.


http://dx.doi.org/10.1016/j.mseb.2012.05.013

3. M.J. Luki¢, A. Stankovi¢, Lj. Veselinovi¢, S.D. Skapin, I. Bracko, S. Markovi¢, D.
Uskokovi¢, Chemical precipitation synthesis and characterization of Zr-doped
hydrohyapatite nanopowders, Thirteen annual conference Yucomat 2011, 5-9 Septembar
2011, Herceg Novi, Montenegro. Book of abstracts, p. 89.

4. A. Stankovi¢, Ljiljana Veselinovi¢, Smilja Markovié¢, Suzana Dimitrijevi¢, Sreco D.
Skapin, Dragan Uskokovi¢, Morphology controlled hydrothermal synthesis of ZnO
particles and examination of their antibacterial properties on Escherichia coli and
Staphylococus aureus bacterial cultures, Tenth Young Researchers' Conference —
Materials Science And Engineering, Decembar 21-23, 2011. Belgrade, Serbia. Programe
and book of abstracts, p.7.

5. A. Stankovié, Z. Stojanovié, Lj. Veselinovi¢, 1. Bracko, S.D. §kapin, S. Markovi¢ and
D. Uskokovi¢, Hydrothermal synthesis of ZnO nanopowders with a tailored particle
morphology and improuved optical characteristics, Fourteenth annual conference
Yucomyt 2012, 3-7 Septembar 2012, Herceg Novi, Montenegro, posterska sekcija. Book
of abstracts p. 47.

6. A. Stankovi¢, Z. Stojanovi¢, Lj. Veselinovi¢, S. Markovi¢ and D. Uskokovi¢,
Controlled hydrothermal processing of ZnO powders in the presence of PVP, 1"
International Conference on Fundamental and Applied Aspects of Physical Chemistry,
24-26 Septembar 2012, Belgrade, Serbia, posterska sekcija, poster izloZzen pod rednim
brojem H-4-P.

7. A. Stankovi¢, Z. Stojanovi¢, Lj. Veselinovi¢, N. Abazovié, S.D. gkapin, S. Markovi¢,
D. Uskokovi¢, Influence Of Particle Size And Morphology Of ZnO Powders On Their
Optical Properties, The joint event of The Eleventh Young Researchers’ Conference
Materials Science and Engineering and The First European Early Stage Researchers’
Conference on Hydrogen Storage Belgrade, December 3-5 2012, Belgrade, Serbia. Book
of abstracts p. 60.



GAKVYITET 3A OUIHMUKY XEMKHIY
YHHUBEPIHMTETA ¥ BEOI'PAJTY

by - 22005

Beorpaa , (6. 06, 2005, roaune

Ha ociopy unana |71 JakoHa O oiiimes ynpapios MOCTVNEY W Y4aaia 5 3akona o
CTPYHIIM Ha3HENMA . 3 no 3axTeRy  Yeanxosnh Awc wiaaie ce cneache

VBEPEHE

Jaje YEJJHKOBHW R ( Bojucaas ) A H A, pohena 13.08.1979,
roaune v Kpyvmeany. PenyGauka CpOiga, ynucana wikoacke 1998/99. roaune Ha
PAKYJATETY 3A ©®HIHYEKY XEMHJY
3" HHBEDIHTETE v I.")l..!{}l‘pii_,;[}' o THNBGARHL IR CBE MO !?![H:,{I_HH.}]'I;H-E HEC TREH MM TLEAHOM
U nporpasos ¢ aunaosupana dava 3. jyHa 2008, rogne ca cpembosm olenosm
8,29 (ocasm w 29100} ¥ Tory cTyadja v oucrom |0 aecer ) Ha aunaoMekoM
MCTTHTY 1 CTERA BHCOKY CTPYMHY CIPEMY M CTPYYHN HaTHE
AHINJTOMHPAHH PH3IHKOXEMHYAP
Yaepeie ¢ HiajC Hi JTHMHK JaNTCR 10 W3R AHIIOME |

Vpepenwse je ocnoboheno naahama Takce .

NEKAH
DAKYITETA 3A GHIHUKY XEMHIY

A

ap CnasdMenrye,npod




VYHUBEP3UTET V BEOI'PALY
OAKVIITET 3A ®U3UYKY XEMUTY

BPQOJ 362009
Beorpan , 30. 11. 2009. rogune

Ha ocnoBy wiana 171 . 3akoHa 0 omuTeM yIpaBHOM IOCTYNKY H 4iaHa 5.
3akoHa 0 CTPYYHHMM Ha3MBHMMa, 110 3axTeBy AHe CtankoBuh u3aaje ce cienehe

Y B EREely -E

Jla je CTAHKOBHW (Bojucaas ) AHA , pohena 13.08.1979.roaune, mecto

Kpymesar, Penrybiuka Cpbuja , CTyIeHT MOCIeIUIUIOMCKIX CTYAHja Ha

VYuusep3urery y beorpany
OAKYITETY 3A ®PU3UYKY XEMHUIY

Ha jaH 13. HoBemOpa 2009 . roaune , ogOpaHuIa MarucTapcky paji 1moj Ha3uBOM :

“ VTULIAJ TIAPAMETAPA ITPOLIECUPABA HA TOK MEXAHOXEMMWICKE
CHUHTE3E U CIIPEHABAE ITOJABE AT'JIOMEPAITMJE CUHTETUCAHHNX
HAHOCTPYKTYPHUX ITPAXOBA.”

¥ THME CTeKJIa aKaJeMCKH Ha3uB
MATUCTPA ®U3HYKOXEMHUJCKHUX HAYKA

YBepe}be ce Hsnaje Ha JIMYHH 3aXTEB A0 H3aBakba JUILIIOME .

/Mp UThenan Musbauuh, npod. /

% o A NEKAH
@ %o @AKYHTETWH%LIKY XEMUJY
.") /




UHCTUTYT 3A HYKJIEAPHE HAYKE
"BUHYA"
HAYYHO BERE
bpoj: 401/15
18. 03. 2010. roaune
BEOI'PAJ

Ha ocHoBy ui. 59., ui. 70. u 4. 82. 3aKk0oHa 0 HAyYHOUCTPAKUBAYKO)
nenarHoctu (" Cayx6enu raacauk PC", 6p. 110/05), Ha ceanuuun Hayunoz
eécha Hncmumyma 3a nykieapne nayke "Bunua" ojnpxanoj 18. mapra
2010. roauHe, 10HETA je

OAdAJY KA
O CTUHABY UCTPAZKUBAYKOI' 3BAIbBA

Mp Ana Crankosuh

CTHYE UCTPAKUBAYKO 3BALE
HCTPA’KUBAY CAPA/THHK

OBPA3JIO/KEBE

Mp Ana CranxoBuh, capagnuna MuHcTuTyTa TeXHMUKUX HayKa
Cpricke akajieMuje HayKa M yMETHOCTH, ITOKpEHYyJIa je MOCTyIaK 3a u300p y
ucrpaxusauko 3Babe UCTPAYKUBAY CAPAJ/IHUK.

Ha ocnoBy u3Bemtaja Komucuje 3a olieHy HayyHOMCTpa)KMBayKoOr
paga KMeHOBaHe KaHAuJaTKube Qopmupave ox Hayunoe eeha
Hucmumyma "Bunua" v npunoxkeHor uzdopHor marepujaia, yrBpheno
je n1a mp Ana CrankoBuh ucnymana ycioBe u3 uwi. 69. 3akoHa o
HayYHOUCTPAXKUBAUKO] J€JIATHOCTH 3a CTHULAHe HMCTPAXKHUBAUKOI 3Baba
NCTPA’KUBAY CAPAJIHUK, na je ojly4eHO Kao y JUCIIO3UTHUBY
OJUTyKE.

[TPEJACE/JHUK HAYYHOI" BEhA
UHCTUTYTA "BUHYA"

BiAS) (oAl

N Ap bojaiw Paoak, eumiu nayunu capaoHux
AN FPAB
““*—_,_.u-‘-"‘"



J Mater Sci (2011) 46:3716-3724
DOI 10.1007/s10853-011-5273-6

Controlled mechanochemically assisted synthesis of ZnO
nanopowders in the presence of oxalic acid

A. Stankovi¢ - Lj. Veselinovi¢ - S. D. Skapin *
S. Markovi¢ - D. Uskokovi¢

Received: 18 October 2010/ Accepted: 12 January 2011 /Published online: 24 February 2011

© Springer Science+Business Media, LLC 2011

Abstract In this study, the ZnO nanopowders were syn-
thesized by mechanochemical processing with a successive
thermal decomposition reaction. The initial reactants mix-
ture of zinc chloride and oxalic acid was milled from
30 min to 4 h and thermally treated for 1 h at 450 °C. The
influence of both, oxalic acid and the duration of milling,
on the crystal structure, average crystallite size, average
particle size, and the morphology of ZnO nanopowders
were investigated. The qualitative analysis was performed
using X-ray diffraction and Raman spectroscopy tech-
niques. While the XRD analysis shows perfect long-range
order and pure wurtzite structure of the synthesized ZnO
powders, Raman spectroscopy indicates a different middle-
range order; in addition, according to Raman spectra, it is
found that lattice defects and impurities introduced in ZnO
crystal structure depend on milling duration, in spite of
applied thermal treatment. The particle size distribution
was measured by laser diffraction, whereas the morphology
of the powders was determined by scanning electron
microscopy. Impurity contamination was studied using
inductively coupled plasma analysis. The obtained results
showed that the applied two-step method is appropriate for
the synthesis of high crystalline ZnO nanopowders, with
uniform spherical particles with diameter between 20 and
50 nm. Profound effect of aqueous solution of oxalic acid
to prevent agglomeration of final product is presented.
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Introduction

Zinc oxide, ZnO, is an attractive material because of its
unique properties, such as optical transparency, electrical
conductivity, piezoelectricity, and near-UV emission [1-6].
In particular, nanosized ZnO has wide application in (UV)
lasers, solar cells, varistors, gas sensors, transparent UV
resistance coatings, photo-printing, sunscreen lotions, cos-
metics, and medical creams.

In recent years, many studies have been carried out to
develop methods for the synthesis of ZnO nanoparticles.
The morphology of ZnO nanoparticles strongly depends on
the presence of different types of surfactants in the reac-
tion system [7]. Commonly used methods to produce
ZnO nanopowder are: precipitation [8], sol-gel process
[9], ultrasound-assisted synthesis [10], hydrothermal/sol-
vothermal synthesis [11], and mechanochemical processing
[12]. Mechanical milling has been extensively used for
the synthesis of nanocrystalline materials because of its
simplicity, relatively low-cost equipment, the large scale
production, and applicability for variety of materials. Ball-
milling technique operates at room temperature, which
increases safety and reduces energy utilization. In general,
mechanochemical processing has been recognized as a
powerful technique for the synthesis of a wide range of
semiconducting nanomaterials [12, 13], magnetic materials
[14], carbon nanotubes [15], etc., which could otherwise be
difficult to prepare using conventional methods. It has been
reported that mechanical milling induces not only mor-
phological and structural changes of the particles but also
modify their optical [11] and electrical [16] properties.
Most of the investigated mechanochemical synthesis pro-
cedures were preformed using mixtures of the appropriate
metal salt or hydrated metal salt and an inert matrix (pro-
cess controlling agents, PCA), which function is to prevent
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In this paper, we investigate the effect of the particle size and morphology on the optical properties
of ZnO. A series of ZnO micro and nanocrystals were synthesized by the hydrothermal processing of
zinc acetate dihydrate and sodium hydroxide as the starting materials, and polyvinylpyrrolidone (PVP)
as the polymer surfactant. The particle size and morphology were tailored by adjusting the reactant
molar ratios [Zn?*]/[OH], while the reaction temperature and the time remained unchanged. X-ray
diffraction (XRD), transmission electron microscopy (TEM), selected area electron diffraction (SAED)

Izﬁ':vg):ﬁe and high-resolution TEM (HRTEM) have shown that the micro and nanocrystals have a high crystalline
Hydrothermal synthesis pure wurtzite-type hexagonal structure with nanosized crystallites. The size and morphology of the
Morphology ZnO micro and nanocrystals were investigated by field emission scanning electron microscopy (FE-

SEM), which showed a modification from micro-rods via hexagonal-faceted prismatic morphology to
nanospheres, caused by simple adjustment of the reactant molar ratio [Zn?*]/[OH~] from 1:1 to 1:5. The
optical properties of the ZnO micro and nanocrystals, as well as their dependence on the particle size
and morphology were investigated by Raman and ultraviolet-visible (UV-vis) diffuse reflectance spec-
troscopy (DRS). The UV-vis spectra showed that the modification of the particle size and morphology from
nanospheres to micro-rods resulted in increased absorption, and a slight red-shift of the absorption edge
(0.06 eV). Besides, the band gap energy of the synthesized ZnO micro and nanocrystals showed the red
shift (~0.20 eV) compared to bulk ZnO. According to the results of a Raman spectroscopy, the enhanced
visible light absorption of the ZnO micro and nanocrystals is related to two phenomena: (1) the existence
of lattice defects (oxygen vacancies and zinc interstitials), and (2) the particle surface sensitization by
PVP.

Optical properties

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Zinc oxide (ZnO) is a versatile, multifunctional material fre-
quently used in high technology such as optoelectronic and
electroluminescent devices, UV lasers, solar cells, piezoelectric
transducers and gas sensors [1-5]. In addition, ZnO finds appli-
cation in the areas like rubber industry and plastic processing,
cosmetics and pharmacy; it is also used as an antimicrobial agent
[6-14]. In many cases, the application of ZnO is based on its direct
wide band gap (3.37eV) and the large excitation binding energy
(60 meV) at room temperature [1]. However, an energy gap of
3.37eV (368 nm) means that ZnO can only absorb UV light [15].
Since solar visible light is a source of clean and cheap energy, while
UV light makes no more than 3-5% of the total sunlight, ZnO-based
materials capable for visible light photocatalysts are highly desir-
able [16]. Several approaches have been applied with the aim of
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changing the optical absorption properties and improving the visi-
ble light photocatalysis; they include the incorporation of transition
metal ions into the crystal structure of a ZnO powder (since the
presence of various intrinsic defects can give rise to deep acceptors
or shallow donors and produce a red shift of the band gap [17]),
the treatment of ZnO powders by applying hydrogen plasma tech-
nology to create a new absorption band in the visible-light region
through the formation of oxygen vacancies, surface sensitization of
ZnO particles to extend the spectral response into the visible region,
etc.

Since the optical properties of materials are determined by
the phase purity, homogeneity, particle size, morphology, as
well as crystallinity, the possibility to control the synthesis
process is of utmost importance. Several techniques such as
precipitation [18], sol-gel process [19], spray pyrolysis [20], hydro-
thermal/solvothermal synthesis [21], mechanochemical [22], and
microwave-hydrothermal processing [23] are used for the prepa-
ration of ZnO materials with a controlled morphology. Among
them, hydrothermal synthesis is the most attractive especially due
to the fact that it allows perfect control of purity, crystallinity,
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Metal oxide nanoparticles represent a new class of important materials that are increasingly being
developed for use in research and health-related applications. Although the antibacterial activity and
efficiency of bulk zinc oxide were investigated in vitro, the knowledge about the antibacterial activity of
ZnO nanoparticles remains deficient. In this study, we have synthesized ZnO particles of different sizes
and morphologies with the assistance of different types of surface stabilizing agents — polyvinyl pyrrol-
idone (PVP), polyvinyl alcohol (PVA) and poly (., L-glutamic acid) (PGA) - through a low-temperature
hydrothermal procedure. The characterization of the prepared powders was preformed using X-ray
diffraction (XRD) method and field emission scanning electron microscopy (FE SEM), as well as Malvern’s
Mastersizer instrument for particle size distribution. The specific surface area (SSA) of the ZnO powders
was measured by standard Brunauer-Emmett-Teller (BET) technique.

The antibacterial behavior of the synthesized ZnO particles was tested against gram-negative and
gram-positive bacterial cultures, namely Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus),
respectively. We compared the results of the antibacterial properties of the synthesized ZnO samples
with those of the commercial ZnO powder. According to the obtained results, the highest microbial cell
reduction rate was recorded for the synthesized ZnO powder consisting of nanospherical particles. In all
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Hydrothermal synthesis
Antibacterial activity
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Staphylococcus aureus

of the examined samples, ZnO particles demonstrated a significant bacteriostatic activity.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Nanoscale materials, i.e. those with at least one dimension
smaller than 100 nm, have unique mechanical, chemical, electrical
and thermal properties that make them very attractive for appli-
cation in biotechnology, medicine and environment-related areas.
Nanomaterials are already used as a very important component
of sun creams, toothpastes, sanitary-ware coatings, textile fiber
coatings, catalysts, fuel additives, water disinfectants and even food
products [1,2]. Potential use of inorganic antimicrobial agents is
of great interest because of their advantages over organic antimi-
crobial agents — namely, because of improved safety and stability
[3]. In this context, metal oxides such as TiO,, ZnO, MgO, and
CaO are particularly significant because their use is accompanied
with a high level of safety to humans. Some of the metal oxides
e.g., MgO and CaO are essential minerals for human health [4,5].
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Other oxides, such as TiO, and ZnO, are extensively used for per-
sonal care products [6], as well as in biomedical materials like
dental composites [7] or prosthetic devices for hard tissue replace-
ment [8]. Zinc oxide (ZnO) is currently being investigated as an
antimicrobial agent in both microscale and nanoscale formula-
tions. The obtained results indicate that ZnO nanoparticles show
an apparently greater antibacterial activity [9-17] than ZnO micro-
particles [10]. The exact mechanism of the antibacterial action of
ZnO nanoparticles is not entirely clarified. The assumptions range
from the influence of reactive oxygen species (ROS) [10,11], zinc
ion release [12], mechanical damage of the membrane cell wall
through adhesion on the cell membrane [12,13] to the influence
of the pH value of the reaction system. A higher concentration of
smaller particles with a larger surface area ensures a more effi-
cient antibacterial behavior[4,10,18] while the crystalline structure
and particle shape probably have less influence [19]. However, the
research of Yamamoto et al. [4] and Sawai et al. [13] has revealed
that metal cations released from the powder and the mechanical
destruction of the cell membrane have no effect on the antibacterial
activity of ceramic powders. Furthermore, the pH value of pow-
der dispersions in water or physiological saline was approximately
7.5, irrespective of the particle size of the powder. According to
Yamamoto et al., the generation of hydrogen peroxide H,0,, (ROS)
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