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In aceasta lucrare este prezentatd o metoda simpla
si ieftina de obtinere a unor cantitati mari de nanopulberi de
tip metal/ZnO [M/ZnO, M = Au (1), Fe (2) si Pt (3)]:
coprecipitarea. Pulberile obtinute de oxid de zinc contin
0,1% gr. component dopant si au fost caracterizate prin
tehnici specifice: difractie de raze X, microscopie
electronica de baleiaj , suprafata specifica si spectrometrie
de fluorescenta de raze X. Analizele de difractie de raze X
ale nanopulberilor obtinute au pus in evidenta structura de
tip wurtzit a ZnO, fara evidentierea dopantului ca si faza
separata. Nu s-au remarcat deosebiri semnificative intre
spectrele de difractie de raze X ale nanopulberilor. Asadar,
nu a fost pusa in evidenta formarea unei faze noi dupa
includerea Au®/Fe*'/P¢" in reteaua de ZnO. Analizele SEM
ale nanopulberilor au evidentiat formarea de particule cu
dimensiuni mai mici de 100 nm. De asemenea, au fost
investigate si  proprietdtile antibacteriene fata de
Escherichia coli si Streptococcus faecalis. Rezultatele
obtinute vor fi discutate pe larg pentru a demonstra
posibilitatea utilizarii acestora in scopuri comerciale.

In this paper, we report a simple and economic
procedure capable of producing large amount of
metal/ZnO [M/ZnO, M = Au (1), Fe (2) and Pt (3)]
nanopowders, namely coprecipitation. The obtained zinc
oxide nanopowders contain the doping component in an
amount of 0.1 wt.% and were characterized using specific
techniques: X-ray diffraction analysis, scanning electron
microscopy, specific surface and X-ray fluorescence. XRD
characterization of obtained nanopowders confirmed the
exclusive formation of the host ZnO with the wurtzite
hexagonal structure and no signature of dopant as
separate phase. Obvious differences were not observed in
the XRD patterns of samples. Subsequently, it was
possible to confirm that new phase(s) were not formed by
including Au*"/Fe*/Pt** in ZnO lattice. SEM analyses show
highly crystalline nanopowders and particle size less than
100 nm. Also, the antibacterial properties of the specimens
against Escherichia coli and Streptococcus faecalis were
examined. The obtained results will be discussed in order
to justify the suitability for commercial use.
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1. Introducere

Sinteza si caracterizarea nanoparticulelor a
devenit un domeniu interdisciplinar de mare interes
in ultimul deceniu datoritd aplicatiilor industriale pe
care le prezinta. Nanoparticulele sunt particule
ultrafine cu dimensiuni mai mici de 100 nm. Totusi,
definitia nanoparticulelor variaza in functie de
material, domeniu sau aplicatie. Etapa de sinteza a
nanoparticulelor este deosebit de importanta
deoarece proprietatile nanoparticulelor depind fin
mare masura de dimensiunea acestora [1]. Aceste
particule prezintd proprietati chimice, electrice,
optice si mecanice diferite de ale materialului cu
granulatie conventionala [2].

De multa vreme, oxidul de zinc este utilizat ca
pigment (alb de zinc) si sub forma unor acoperiri
protectoare pentru diverse tipuri de materiale
suport. Oxidul de zinc si nanopulberile pe baza de
oxid de zinc au atras atentia in ultima vreme nu
numai datorita interesului stiintific dar si aplicatiilor
industriale ale acestora (pigmenti, catalizatori,
materiale  optice, = componente  electronice,
componente pentru industria farmaceutica si
cosmetica, etc.) [3].

Bacteriile, ciupercile si mucegaiurile care pot
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1.Introduction

The synthesis and characterization of
nanoscale particles has become a major
interdisciplinary area of research over the last
decade due to their important industrial applications.
The nanoparticles are ultrafine particles having
dimension of the order of 100 nm or less. However,
the definition of nanoparticles differs according to the
materials, fields and applications concerned. The
synthesis of nanoparticles is of key importance,
because the properties of these nanoparticles
depend strongly on their dimensions [1]. These
particles present different chemical, electrical, optical
and mechanical properties from their corresponding
bulk solid [2].

Zinc oxide has a long history of usage for
pigments (also called zinc white) and protective
coatings on different support materials. Zinc oxide
and zinc oxide-based nanopowders have attracted
much attention in recent decades not only for their
fundamental scientific interest, but also for many
technological applications (pigments, catalysts,
optical materials, electronic devices, components
for the pharmaceutical, cosmetic industries and
many more) [3].
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cauza daune importante acoperirilor peretilor sunt
usor de recunoscut prin miros, pete si pierderea
consistentei materialului continudnd pana la
completa distrugere a acestuia. In multe ramuri
ale industriei a aparut necesitatea pentru straturi
de acoperire capabile sa transmitad proprietatile
antimicrobiene sau antibacteriene produselor
acoperite. Din considerente economice in
materialele de acoperire ale peretilor se
incorporeaza nanomateriale. Este binecunoscut
faptul ca ionii de argint si argintul prezinta
activitate antibacteriana buna iar Tncorporarea
ionilor de argint Tn ZnO imbunatateste activitatea
antibacteriana a acestuia [4, 5]. Asadar, prin
incorporarea nanopulberilor de tip M/ZnO in
materialele de acoperire ale peretilor se poate
asigura activitate antibacteriana pe termen lung.

Scopul acestei lucrari a fost investigarea
sintezei si caracterizarea nanopulberilor de tip
M/ZnO prin coprecipitare. Aceasta metoda ofera o
serie de avantaje: necesitd manipulare minima,
aparatura  simpla, materii prime ieftine,
temperatura de sinteza scazuta, controlul usor al
dimensiunii si compozitiei particulelor, precum si
omogenitate chimica excelentad a produsului final.
Asadar, coprecipitarea este metoda adecvata
pentru sinteza oxidului de zinc la temperatura
mica si cu grad de puritate Tnalt. Principalul
dezavantaj al coprecipitarii il reprezinta faptul ca
procesul este limitat la solutile cationilor cu
produsi de solubilitate similari [6]. Materiile prime
utilizate in mod frecvent sunt hidroxizii, carbonatii,
sulfatii si oxalatii. Este cunoscut faptul ca in solide
morfologia si microstructura particulelor depind
atat de natura precursorului cat si de parametrii
experimentali ai Tntregului proces [7]. Tehnicile
utilizate pentru investigarea acestor caracteristici
sunt difractia de raze X, microscopia electronica
de baleiaj si suprafata specifica. Proprietétile
antibacteriene ale acestor nanopulberi au fost
examinate pe Escherichia coli ATCC 8739 si
Streptococcus faecalis ATCC 10741.

Prin utilizarea acestui proces este posibila
obtinerea nanopulberilor de tip M/ZnO care pot fi
utilizate ca pigmenti cu caracteristici superioare,
pentru diversi consumatori si aplicatii industriale.

2. Parte experimentala

2.1. Materiale

Toti reactivii folositi au fost de puritate
analitica si s-au utilizat ca atare, fara nici o
purificare prealabila. Solutiile apoase s-au realizat
cu apa deionizata obtinuta cu un sistem Milli-Q
(Millipore, Watford, Hertfordshire, UK).

2.2. Prepararea probelor

Nanopulberile de tip M/ZnO au fost
obtinute prin metoda de coprecipitare descrisa
anterior pentru obtinerea nanopulberilor de
Ag/ZnO [8, 9]. Metoda de sinteza are loc in doua

Bacteria, mold and fungi cause great
damage to wall coverings, damage recognizable
by bad odour, stains and strength loss until the
material is destroyed. The desire for permanent
coatings to impart long-term antimicrobial or
antibacterial properties to coated products has
been expressed in a variety of industries. In order
to avoid economic damage in the wall coverings
are incorporated nanomaterials. It is well known
that silver | ons and silver exhibit good
antibacterial activity and the introduction of silver
ions into ZnO improve his antibacterial activity
[4, 5]. Consequently, the use of appropriate M/ZnO
nanopowders incorporated in the wall coverings
provides long-term antibacterial activity.

The aim of this work was to investigate the
detailed synthesis and characterization of the
M/ZnO nanopowders using the coprecipitation
method. This method offers several advantages:
it requires no sophisticated equipment and no
expensive starting materials, low synthesis
temperature, easy control of particle size and
composition and excellent chemical homogeneity
of the final product. Hence, to use this method
helps synthesize the oxide at low temperatures
with high degree of purity. Nevertheless, the
major disadvantage of coprecipitation is that the
process is limited to cation solutions with similar
solubility products [6]. The most commonly
starting materials used in coprecipitation
operations are hydroxides, carbonates, sulfates
and oxalates. It is commonly accepted that the
morphology and microstructure of the particles in
the solids depend on the nature of the precursor
and also on the experimental parameters used
during the entire process [7]. Techniques used for
the investigation of these characteristics include
X-ray diffraction, scanning electron microscopy
and specific area. Also, the antibacterial
properties of these nanopowders were examined
against Escherichia coli ATCC 8739 and
Streptococcus faecalis ATCC 10741.

Using this simple and economic synthesis
method it is possible to prepare M/ZnO
nanopowders that may be used as advanced
pigment for a broad range of consumer and
industrial applications.

2. Experimental part

2.1. Materials

All the used chemical reagents were
analytic grade and used without further
purification. Aqueous solutions were prepared
using deionized water from a Milli-Q system
(Millipore, Watford, Hertfordshire, UK).

2.2. Sample preparation

The M/ZnO nanopowders were prepared
by the coprecipitation method similar to that
previous reported for Ag/ZnO nanopowders [8, 9].
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etape: obtinerea precursorului prin metoda de
coprecipitare si respectiv formarea nanopulberilor
de tip M/ZnO prin descompunere termica:

- S-au preparat separat o solutie apoasa
de sare dopanta corespunzatoare si o solutie
apoasa de ZnSO47H,0O si s-au amestecat, la
temperatura camerei, cu ajutorul unui agitator
magnetic. S-a adaugat in picaturi o solutie
adecvata atat pentru precipitarea fiecarei specii
cationice cat si pentru reglarea pH-ului mediului
de reactie (5,5-7,0). Precipitatul format a fost
filtrat, spalat cu apa deionizata si uscat o noapte
la vid, la 40 °C. Nanopulberile de tip M/ZnO (0,1%
gr. metal) au fost obtinute prin calcinarea
precipitatelor uscate intr-un creuzet de alumina, la
400 °C, timp de 4 h, in aer, la presiunea
atmosferica. Culoarea pulberilor obtinute a fost:
Au/ZnO (1) (alb), Fe/ZnO (2) (slab galbui) si
Pt/ZnO (3) (alb). Similar, a fost obtinuta o proba
sintetica etalon de ZnO si a fost tratata termic la
700 °C (ZnO etalon).

- Sarurile dopante utilizate au fost
H[AuCl,], FeCl; si PtCl,. Solutia de precipitare (pH
= 5,5-7,0) a fost preparata prin dizolvarea in apa
deionizata a cantitatilor adecvate de hidroxid de
sodiu, carbonat de sodiu si un adaos de
precipitare specific fiecarui element.
Descompunerea termica s-a efectuat Tintr-un
cuptor de tipul EDG FIVE-4.

2.3. Caracterizare

Diferite tehnici de investigarea au fost
utilizate pentru caracterizarea pulberilor obtinute:
difractie de raze X (difractometru SHIMADZU
6000 cu sursa de radiatie CuKa -40.0 KV, 30.0
mA- si monocromator de grafit), microscop
electronic de baleiaj (SEM, TESCAN VEGA I
LMU), spectrometru de fluorescentd INNOV-X
alpha 6500 si masuratori de suprafatéd specifica
pe o instalatie BET modificata. Toate masuratorile
au fost realizate la temperatura camerei.

Presupunand faptul ca toate particulele au
aceeasi forma si dimensiune, dimensiunea
particulelor se coreleaza cu suprafata specifica
conform ecuatiei dger = 6000/(Sgerp), unde dger -
diametrul particulelor (nm), Sger - suprafata
specifica (m2/g) si p — densitatea particulelor de
ZnO (5,61 g/cm?®).

2.4. Caracterizare antibacteriana

Pentru testarea caracterului antibacterian
au fost folosite Escherichia coli ATCC 8739 si
Streptococcus faecalis ATCC 10741 [6, 10].
Pentru ambele microorganisme, ca mediu de
cultura s-a folosit bulion Luria Bertani (LB).
Bacteriile au fost cultivate in bulion LB la 37 °C,
20 h. Culturile astfel obtinute au fost centrifugate
(6000 rpm), spalate, suspendate in 100 mL apa
deionizata. La acestea au fost adaugate 2,5 si 5,0
mg ZnO etalon (proba martor) sau M/ZnO si
incubate la 37 °C, 24 h. La diferite intervale de

The synthesis procedure can be divided into two
parts: one is the preparation of precursor by
coprecipitation method and the other is the
formation of M/ZnO nanopowders by thermal
decomposition. The detailed process can be
described as follows:

- An aqueous solution of appropriate
dopant salt and an aqueous solution of ZnSQ, - 7
H,O were prepared separately. Both solutions
were mixed together at room temperature and
stirred using a magnetic stirrer. While stirring this
mixture, an appropriate solution was added
dropwise both to precipitate each cationic species
and to control the pH value of reaction system
(5.5-7.0). The resulted precipitate was washed
with deionized water and dried overnight at 40
°C, under vacuum. Finally, the powders of the
dried precipitate were calcined in an alumina
crucible at 400 °C for 4 h under air atmosphere,
which vyielded M/ZnO nanopowders (0.1 wt.%
metal). The color of the resulting powders was:
Au/ZnO (1) (white), Fe/ZnO (2) (light yellow) and
Pt/ZnO (3) (white). Similarly, a synthesized
standard sample of ZnO was obtained and
thermally treated at 700 °C (ZnO standard).

- The used dopant salts were H[AuUCl,],
FeCl; and PtCl,, respectively. The precipitation
solution (pH = 5.5-7.0) was prepared by
dissolving in water appropriate amounts of
NaOH, Na,CO3; and an appropriate solution for
the species precipitation. The thermal
decomposition was carried out in an oven (EDG
FIVE-4).

2.3. Characterization

Various techniques, such as X-ray
diffraction (XRD - diffractometer SHIMADZU
6000 using a CuKa radiation source - 40.0 KV,
30.0 mA and a graphite monochromator),
scanning electron microscopy (SEM, TESCAN
VEGA II LMU), INNOV-X alpha 6500 X-ray
fluorescence spectrometer and modified BET
specific surface area measurements were
employed to characterize the obtained powders.
All measurements were performed at room
temperature.

Assuming that all the particles have same
shape and size, the specific surface area can be
related to the average equivalent particle size by
the equation dger = 6000/(Sget'p), where dger is
the mean particle size (nm), Sger is specific
surface area (m?/g) and p is the density of ZnO
particles (5.61 g/cm®).

2.4. Antibacterial experimentation

Escherichia coli ATCC 8739 and
Streptococcus faecalis ATCC 10741 were chosen
as experimental bacteria [6, 10]. Luria Bertani
(LB) broth was used as a growing medium for
both the microorganisms. Bacteria were grown
aerobically in LB broth at 37 °C for 20 h. The
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timp, 0, 2, 4, 6, 10 si 24 h, s-au recoltat 0,1 ml din
acest amestec (apa + bacterie + ZnO etalon sau
M/ZnO) si s-a diluat cu apa distilata. S-au cultivat
pe placi de agar LB si s-au incubat la 37 °C, 24 h.
Se numara coloniile si se face media valorilor.

3. Rezultate si discutii

3.1. Structura si morfologia nanopulberilor de
tip M/ZnO

Microscopia electronica de baleiaj (SEM) s-
a utilizat pentru determinarea dimensiunilor
particulelor, morfologiei si a  distributiei
particulelor. Dimensiunea particulelor calculata
din date BET a fost confirmata prin SEM.
Spectrele de raze X au aratat structura cristalina
de tip wurtzitéwg nanopulberilor de tip M/ZnO.

SEM MAG: 28.50 kx DET: SE Detector
Hv. 2060 kv DATE: 05724107 2pm Yega @Tescan

WAG: HiVat Device: VG2920673R0 Digital Microscopy Imaging

SEM MAG: 3445 ke DET. SE Detector | ——
HY: 28,60 kY DATE: 06/24/07 2pm Vega @Tescan

WAL Hivar Device: VG292067 3RO Digital Microscopy Imaging

cultures were centrifuged (6000 rpm) and the
cells were washed twice and suspended in
deionized water, giving a final concentration of
10° cells/mL. E. coli or S. faecalis was suspended
in 100 mL of deionized water and put in contact
with 2.5 and 5.0 mg of ZnO standard (as control
sample) or M/ZnO and shaken at 37 °C for 24 h.
Portions (0.1 mL) of this mixture (water + bacteria
+ ZnO standard or M/ZnO) were sampled at 0, 2,
4, 6, 10 and 24 h and diluted in deionized water.
The samples were placed on LB agar plates and
incubated at 37 °C for 24 h. The number of
colonies at each sampling time was counted. The
counts on three plates corresponding to a
particular sample were averaged.

M)
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SEM MAG: 32,65 ko DET: SE Detector L
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Fig. 1 - Micrografiile SEM ale (a) proba etalon de ZnO, (b) nanopulberi de Au/ZnO (1), (c) Fe/ZnO (2) si (d) Pt/ZnO (3). / SEM
micrographs of (a) ZnO standard, (b) Au/ZnO (1), (c) Fe/ZnO (2) and (d) Pt/ZnO (3) nanopowders.
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Micrografile SEM, redate in figura 1,
confirma observatiile asupra finetei materialelor.
La o marime mai redusa, se remarca formatiuni
de agregate din particule foarte fine care insa se
disperseaza la cea mai fina solicitare.
Temperatura redusa a tratamentului termic
opreste cresterea cristalitelor, generand materiale
ultrafine. Pentru a evidentia caracterul nano al
pulberilor s-a inclus o imagine a ZnO calcinat la
700 °C, ideal cristalizat. Probele sintetizate, cu
particule la scara nano, au tendinta de a forma
aglomerate intre care se includ pori cu dimensiuni
variabile. Cristalele in curs de dezvoltare se
prezinta sub forma specifica a oxidului de zinc.

in tabelul 1 sunt date valorile suprafetelor
specifice ale probelor. Marimea particulelor se
incadreaza in limitele specifice particulelor de
dimensiuni nano.

Interesul pentru determinarea modului de
legare a elementelor dopante Tn reteaua oxidului
de zinc a condus la investigarea structurii prin
difractie de raze X. In fiecare caz, spectrele de
difractie de raze X evidentiazad cristalinitatea
nanopulberilor de tip M/ZnO. Spectrele celor trei
probe sunt similare cu cel al probei de ZnO
etalon. Valorile 28 ale ZnO etalon corelate cu cele
pentru intensitatea picurilor sunt in concordanta
cu cele ale oxidului de zinc hexagonal, de tip
wurtzit (Fisa ASTM nr. 5-664) (tabelul 2). Datorita
continutului redus nu s-au observat picurile de
difractie ale elementelor dopante.

3. Results and discussion

3.1. Structure and morphology analysis of

M/ZnO nanopowders

Scanning electron microscopic (SEM)
technique was used to observe the particle sizes,
rough morphology and distribution of the
particles. The particles size was calculated from
BET data and also confirmed by direct
observation by SEM. X-ray diffraction pattern
confirms the wurtzite crystal structure of the
synthesized M/ZnO nanopowders.

SEM micrographs (Figure 1) confirm the
small particle size of the obtained powders. The
high magnification SEM micrographs of the
M/ZnO nanopowders highlight fine particles
easily aggregate. The low thermal treatment
temperature stops the crystallites growth resulting
ultrafine materials. In order to emphasize the
nano character of powders, a SEM image of well-
crystallized ZnO powder calcined at 700 °C, was
included. The synthesized samples look like
aggregates of nanoparticles among which pores
with variable size are incorporated. The crystals
under growing have the specific form of zinc
oxide. The increase of thermal treatment
temperature leaded to crystal growing.

The specific surface areas of the M/ZnO
nanopowders are listed in the Table 1. The
particle sizes are in the nanoscale range.

Tabelul 1
Suprafata specifica si distributia dimensiunii particulelor nanopulberilor de M/ZnO
Specific surface area and particle size distribution measurement results of the M/ZnO nanopowders.
Proba / Sample Sger (M7/g) dger (NM)
ZnO etalon / ZnO standard 3.8 281
Au/ZnO (1) 32.2 33.2
Fe/ZnO (2) 29.7 36.0
Pt/ZnO (3) 441 24.3
Tabelul 2
Date de difractie de raze X pentru nanopulberile de tip M/ZnO. / X-ray diffraction data of the M/ZnO nanopowders
iciadlivy /00 etalon AuZnO (1) Fe/ZnO (2) PYZnO (3)
26 1/ 14 20 /1 20 1/ 14 26 I /14 20 /1
31.748 71 31.8127 60 31.7670 68 31.8018 67 31.8242 66
34.438 56 34.04670 39 34.3350 54 34.4063 51 34.4335 51
36.249 100 36012985 100 36.2007 100 36.2572 100 36.2822 100
47.539 29 47.5881 23 47.5083 189 47.5462 15 47.5630 16
56.551 40 56.6443 36 56.5615 39 56.6211 40 56.6411 39
56.551 35 - - 62.7978 24 62.8433 23 - -

Este vizibila diferenta Tintre aspectul
picurilor Tinregistrate. Picurile corespunzatoare
ZnO etalon sunt bine formate, nete si inguste iar
picurile probelor dopate sunt largi, cu o baza
puternic latitd. Latimea mare a picurilor indica o
dimensiune redusa a particulelor cristaline, Tn curs
de dezvoltare. Cristalele de oxid de zinc, ca de
altfel si a altor faze cristaline, cresc usor odata cu
cresterea temperaturii de tratament termic, in timp
ce viteza de nucleatie scade puternic [11]. La
temperatura de 700 °C, forma cristalelor de oxid
de zinc este desavarsita.

Existenta Pt in faza ZnO a fost confirmata
prin fluorescenta de raze X (XRF): spectrometrul

The interest in order to establish the
bonding mode of some dopant elements in the
zinc oxide lattice led to investigate the structure
by X-ray diffractometry. In each case, the XRD
patterns illustrate the high crystallinity of M/ZnO
nanopowders. The spectra of all three
nanopowders match well with that of ZnO
standard. The obtained values for 268 angles and
line intensity of ZnO standard compare well with
those of ZnO with wurtzite hexagonal structure
(ASTM card No.: 5-664) (Table 2). The XRD
patterns of dopant elements were not observed,
mainly because of their low used dosage.

The difference between the aspects of
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de fluorescentd de raze X s-a utilizat pentru
determinarea compozitiei chimice a 0,1% Pt-ZnO
si 0,1% Pt proba sinteticd etalon. Rezultatele
obtinute sunt apropiate (0,096% si 0,13%),
abaterile putdndu-se datora erorilor instrumentale.
0,1% Pt proba sintetica etalon a fost preparata
prin amestecarea mecanica a pulberii de Pt cu o
cantitate corespunzatoare de ZnO etalon.

3.2. Proprietatile antibacteriene ale ZnO etalon
si ale nanopulberilor de tip M/ZnO

3.2.1. Proprietétile antibacteriene pentru 2,5 mg
proba

In figura 2 sunt prezentate numarul de
celule de E. coli or S. faecalis ramase dupa
contactul cu 2,5 mg ZnO etalon si M/ZnO dupa
anumite intervale de timp. Se poate observa ca
pentru E. coli, timpul necesar sa distruga toate
celulele a fost 4 h cu Pt/ZnO, 6 h cu Au/ZnO si
respectiv 24 h cu Fe/ZnO si ZnO etalon; pentru S.
faecalis acelasi efect s-a obtinut dupa 6 h cu
Pt/ZnO, 10 h cu Au/ZnO si respectiv 24 h cu
Fe/ZnO si ZnO etalon. Rezultatele obtinute indica
o diferenta intre efectul antibacterian al M/ZnO si
ZnO etalon impotriva E. coli si S. faecalis datorita
diferentei structurale  intre  cele  doua
microorganisme: S. faecalis are un perete celular
mai gros decat E. coli, acesta necesitand un timp
mai mare de contact decéat E. coli [12].

Efectul antibacterian al Au/ZnO si Pt/ZnO a
fost mult mai bun decat cel al Fe/ZnO si ZnO
etalon. Motivul este ca Au/ZnO si Pt/ZnO contin
Zn* si Pt* sau Au® si implicit mai multe pozitii
active antibacterian decat ZnO. Asadar, datorita
numarului mai mare de pozitii active antibacterian
viteza procesului este mai mare [13]. Nu s-au
observat diferente semnificative intre efectul
antibacterian al ZnO etalon si Fe/ZnO, caracterul
antibacterian nu este marit prin introducerea Fe**
in reteaua cristalina a ZnO prin coprecipitare, Fe**
neavand activitate antibacteriand. Tn plus, un
important factor care influenteazd efectul
antibacterian este timpul de contact al
microorganismelor cu ZnO etalon sau M/ZnO: cu
cresterea timpului numarul de celule ale E. coli si
S. faecalis scade.

3.2.2. Proprietétile antibacteriene pentru 5,0 mg

proba

In figura 3 sunt prezentate numérul de
celule de E. coli sau S. faecalis ramase dupa
contactul cu 5,0 mg ZnO etalon si M/ZnO, dupa
anumite intervale de timp. Se poate observa ca
pentru E. coli, 4 h cu Pt/ZnO, 6 h cu Au/ZnO si
respectiv 24 h cu Fe/ZnO si ZnO etalon au fost
necesare pentru ca numarul de celule sa fie egal
cu zero; pentru S. faecalis acelasi efect s-a
obtinut dupa 6 h cu Pt/ZnO si respectiv 6 h cu
Au/ZnO. Rezultatele obtinute difera de cele
obtinute cu 2,5 mg ZnO etalon si M/ZnO, asadar

XRD patterns is clear. The diffraction lines of ZnO
standard are well defined, evident and narrow
while the diffraction lines of doped zinc oxide are
broad with a wide baseline. The high broadening
of lines confirms a small size of growing
crystalline particles. Similar other crystalline
phases, in the case of zinc oxide, high heating
temperature increases crystal growth rate and
decreases nucleation rate [11]. At 700 °C, the
crystal form of the zinc oxide is accomplished.

The existence of Pt in ZnO phase was
confirmed by X-ray fluorescence (XRF): X-ray
fluorescence spectrometer was used to analyze
the element composition of 0.1% Pt/ZnO and
0.1% Pt synthetic standard sample. The detected
results are very close to each other (0.096% and
0.13%), although higher than the theoretical
values, which can be due to the instrumental
error. The synthetic standard sample was
prepared by mechanically mixed pure Pt and the
required amount of ZnO standard.

3.2. Antibacterial properties of ZnO standard
and M/ZnO

3.2.1. Antibacterial properties of 2.5 mg of
sample

Figure 2 shows the number of viable cells
of E. coli or S. faecalis suspended in water after
in contact with 2.5 mg of ZnO standard and
M/ZnO for different times. It can be observed that
for E. coli, the contact time needed to kill all the
viable cells was 4h with Pt/ZnO, 6h with Au/ZnO
and 24 h with Fe/ZnO and ZnO standard,
respectively; for S. faecalis the same effect was
obtained after contact with Pt/ZnO for 6h, Au/ZnO
for 10 h and Fe/ZnO or ZnO standard for 24 h,
respectively. The obtained results show a
difference between the antibacterial effect of
M/ZnO and ZnO standard against E. coli and S.
faecalis; this could be explained by the structural
difference between two microorganisms: S.
faecalis has a thicker cellular wall than E. coli,
thus needs a longer contact time to achieve the
same effect as E. coli [12].

The antibacterial effect of Au/ZnO and
Pt/ZnO was better than that of Fe/ZnO and ZnO
standard. The reason is that Au/ZnO and Pt/ZnO
contained Zn* besides Pt* or Au** and
consequently more antibacterial active sites than
Zn0O. As a result the chance of the antibacterial
active sites in contact with bacteria was
enhanced, so the speed of antibacterial process
became faster [13]. There was no significant
difference in the antibacterial activity of Fe/ZnO
compared to that of ZnO standard. Therefore, the
antibacterial effect of ZnO was not enhanced
through including Fe** by coprecipitation in the
ZnO crystal lattice, the Fe* exhibiting no
antibacterial activity. In addition, another
important factor affecting the antibacterial effect
is the contact time of the microorganisms
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Fig. 2 — Proprietatile antibacteriene pentru 2,5 mg ZnO etalon si nanopulberi de M/ZnO fata de (a) E. coli si (b) S. faecalis.
Antibacterial properties of 2.5 mg of ZnO standard and M/ZnO nanopowders against (a) E. coli and (b) S. faecalis.
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Fig. 3 — Proprietatile antibacteriene pentru 5,0 mg ZnO etalon si nanopulberi de M/ZnO fata de (a) E. coli si (b) S. faecalis.
Antibacterial properties of 5,0 mg of ZnO standard and M/ZnO nanopowders against (a) E. coli and (b) S. faecalis.

cu cresterea cantitatii de agent antibacterian de la
2,5 mg la 5,0 mg efectul antibacterian contra E.
coli si S. faecalis. Tn ambele cazuri, cu ZnO etalon
si Fe/ZnO un efect antibacterian total se obtine
numai dupa 24 h.

3.3. Aspecte economice

Coprecipitarea, metoda de sinteza propusa
pentru obtinerea nanopulberilor de tip M/ZnO este o
metoda economica deoarece este simpla, iar
reactivii chimici utilizati sunt ieftini si netoxici.
Agadar, obtinerea nanopulberilor de tip M/ZnO prin
metoda de coprecipitare este indicata pentru sinteza
la scara industriala a acestora.

Studiul proprietatilor antibacteriene indica
faptul ca doparea ZnO cu cantitati mici de Pt si Au
are ca rezultat Tmbunatatirea caracterului
antibacterian. Deci, costurile se vor reduce prin
utilizarea nanopulberilor de tip M/ZnO [M = Au (1) si
Pt (3)] In protectia acoperirilor peretilor interiori si
exteriori in diferite spatii, ca de exemplu unitati
medicale, spatii de depozitare si productie a
alimentelor si diverse zugraveli si acoperiri cu
exigente ridicate.

suspended in water with ZnO standard or M/ZnO:
with the increase of contact time, the numbers of
viable cells of both microorganisms, E. coli and S.
faecalis, decreased.

3.2.2. Antibacterial properties of 5.0 mg of
sample

Figure 3 shows the number of viable cells
of E. coli or S. faecalis suspended in water after
in contact with 5.0 mg of ZnO standard and
M/ZnO for different times. It can be observed that
after E. coli suspended in water was in contact
with Pt/ZnO for 2h and with Au/ZnO for 4h
respectively, the number of viable cells of this
microorganism is equal to zero. S. faecalis
needed 4h of contact with Pt/ZnO and 6 h with
Au/ZnO respectively. These results are quite
different from those obtained with 2.5 mg of
Pt/ZnO and Au/ZnO, indicating that with the
increase of the antibacterial agents from 2.5 mg
to 5.0 mg, better antibacterial effect was obtained
against E. coli and S. faecalis. In both cases, a
total bactericide effect is obtained only after 24 h



O. Cadar, C. Roman, L. Gagea, S. Cadar, M. Miclean / Nanopulberi de tip M/ZnO: sinteza si caracterizare 257

4. Concluzii

Nanopulberi de calitate superioara pot fi
obtinute relativ ugor prin metoda de coprecipitare.
Conditiile optime de sintezd au fost 0,1% gr.
cantitate de element dopant, temperatura de
calcinare de 400 °C si timp de calcinare de 4h. in
comparatie cu metoda sol-gel, in procesul de
coprecipitare se utilizeaza materii prime ieftine si
nu este necesara apelarea la solventi organici. De
aceea, metoda de coprecipitare reprezinta o
alternativa excelenta pentru realizarea la scara
industriala a nanopulberilor. De asemenea,
nanopulberile de tip M/ZnO [M = Au (1) si Pt (3)]
prezinta un efect antibacterian excelent impotriva
E. coli si S. faecalis, in timp ce nanopulberea de
Fe/ZnO (2) este lipsita de activitate
antibacterianad. Asadar, pot fi aplicate cu mult
succes, masele contindnd nanopulberi tip M/ZnO
M = Au (1) si Pt (3)] datorita actiunii
antibacteriene evidente si eficace.

Rezultatele experimentale demonstreaza
ca prin metoda de coprecipitare descrisa se obtin
pigmenti, pentru zugraveli interioare sau
exterioare, de calitatea adecvata pentru aplicatii
industriale; singura problema ramasa este
modalitatea optima de implementare a acestora la

nivel industrial.
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3.3. Economic aspects
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High-quality nanopowders can easily be
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sol-gel method, the coprecipitation process uses
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a simple process without organic solvents.
Therefore, the coprecipitation method provides
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antibacterial properties against E. coli and S.
faecalis. The antibacterial effects against E. coli
and S. faecalis were different because of the
difference in the structures of the two investigated
microorganisms. The antibacterial properties
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them in the applications.
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