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Abstract : Cobdt-zincferritemagnetic nanoparticles
(CZFMNPs) werepreparedinar environment by con-
ventional co-predipitation method using ferric, zincand
cobalt saltswith sodium hydroxide, a 80 °C of solu-
tion temperature, and coated with biocompatible
Dimercaptosuccinicacid (DM SA). Themorphol ogy of
desired nanoparticleswasinvestigeted by Transmission
Electron Microscopy (TEM) and the average size of
bare and coated nanoparti cles were about 16 and 40
nm. The structural and crystal phase of CZF-MNPs
was determined by X-ray diffraction (XRD) and the
results confirmed the single phase spind ferriteforma-
tion. Theaverageof crystallite szeswas ca culated about
13nmusing Scherrer’s formula from the broadening of
themost intense peak (311). Magneti zation measure-

INTRODUCTION

Synthesi sof magnetic nanoparticleshavebeen des-
perately interested because of their uniquefesturesand

mentsof sampleswere performed uptomaximum field
of 9000 Oe at room temperature with adeviceAlter-
nating Gradient Field Magnetometry (AGFM). The
saturation magnetization of coated nanoparticleswas
lessthanthebare nanopartides. Also, theresultsshowed
that, the saturati on magnetization decreased by increas-
ing molarity of DMSA coated. The FTIR spectrare-
aultsof thesampleswereandyzed inthefrequency range
of 400-4000 cn?, whi ch aso confirmed theresults of
XRD andformation of Co-Znferitephase. These spec-
trashowed the presence of DM SA cover onthe sur-
face of nanoparticles.

Keywords: Magneticnanoparticles; DMSA coated;
Co-precipitation method; Biocompetible.

potential applications, such asmagnetic resonanceim-
aging, treatment of cancer and biomedica drug deliv-
ery!*€, Spind ferrite nanoparticles and their coated,
specidly Co-Znferrite have been extensively investi-
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gated during the recent years, dueto their favorable
magnetic propertiesin all areas of biomedicine and
bi oengineering, such as contrast-enhanced magnetic
resonanceimaging, cell separation, hyperthermia, detoxi-
fication of biologicd fluids, drugdelivery andtissuere-
generation*>71%, These MNPs should have high mag-
netization va uesand sizesmaler than 100 nanometers,
so that the particles have theidentical chemical and
physical properties. It isalso necessary that the sur-
faces of particlescoated with non-toxic materialsand
a so be biocompatible2l,

Inaddition, metallic nanoparticlesaremadeof iron,
nicke or cobat, mostly duetotheir chemica instability
for biological applicationsareignored and are easily
oxidized inthe presenceof water and oxygen™. There-
fore, metallic MNPs are normally protected by coat-
ings, suchasgold or slica, becausether core-shdll struc-
turewill cause sustainability metal nanoparticles. Dif-
ferent types of monomers such as DMSA were as-
sessed asanchorsfor easy attachment of polymer coat-
ingson magnetic nanoparticles'a.

LeThi Ma H etd. haveshownthat Fe,O, magnetic
nanoparti cleswere prepared by co-preci pitation method
and then they coated with two layersof sodium oleate
and PEG-6000, respectively. They showed that theag-
glomerationisvery vigorous between purenanoparticles.
Wheress, after coating, thereisalittle aggregation!*3.
Cobalt zinc ferrite nanoparticles have been synthesized
by different methods, such as co-precipitation, hydro-
thermd, sol-gel and other chemica methodd*%9. Girgis
et d.in 2011 synthesized core-shell cobalt ferrite, zinc
ferriteand cobalt zinc ferrite nanoparticlesby amodi-
fied citrate gel method and coated them with silica
shell™. Inanother study, in 2013 Co, .Zn,..Fe,0, and
Co,Zn,..Fe,O, @ polyvinyl acetate nanocomposites
were synthesized™™. Although cobalt zinc ferrite
nanopartideshavebeen synthes zed usng different meth-
ods, but according to our knowledge, they havenot been
prepared with DM SA coating.

In this paper, magnetic nanoparticles of
Co,.Zn,.Fe,0,and Co, .Zn Fe O, weresynthesized
and coated with different concentration of DM SA by
co-preci pitation method. Their characterization wasin-
vestigated by transmission € ectron microscopy (TEM),
X-ray diffraction (XRD), Fourier transforminfrared
spectrosoopy (FTIR), and dternating gradient field mag-

netometry (AGFM).
EXPERIMENTAL

Materials

FeCl,.6H.,0, ZnCl,, CoCl,.6H,O and NaOH were
purchased from E. Merck Co., Germany with purity of
morethan 99%. DM SA was purchased fromAldrich
Co., with purity of morethan 98%.

(a) Synthesis bare and coated magnetic
nanoparticles

Cobalt-zinc ferrite nanoparticles were prepared
using co-precipitation method. For preparing of
nanoparticles, solutions of FeCl_.6H.,O, ZnCl.,
CoCl,..6H,Oand NaOH were prepared by double-dis-
tilled water with molar ratio of 2: 0.5: 0.5: 8, respec-
tively. First, the solution of NaOH waspouredinto a
beaker and was placed on amagnetic stirrer, until the
temperature of the solution reached to 80 °C. Also,
FeCl..6H.0O, ZnCl, and of CoCl,..6H,O were poured
into another beaker and placed on another magnetic
dtirrer, until thetemperature of the solution reached to
80 °C. Then, the contents of the first beaker were
quickly pouredinto the second beaker and placedona
magnetic stirrer for 1 h at aconstant temperature of 80
°C, till a blackish brown precipitate was formed. The
precipitant was centrifuged and dried for bare sample.
Thesamplewasnamed CZF,. Thechemica composi-
tionisshown asfollows.

2 FeCl+ 0.5 ZnCl, + 0.5 CoCl, + 8 NaOH ——»
Co,.Zn, Fe0,+4H.,0+8NaCl

For coated sampl e, the preci pitant was centrifuged
and washed with distilled water. Then, distilled water
was added into the sample and the process continued
at 60 °C in the nitrogen atmosphere (1 bar). The solu-
tionsof 0.001 and 0.01 M DM SA were prepared in
the same volume separatel y and were added drop by
drop into the beaker of the bare sample. Thesamples
werenamed CZF, and CZF,, respectively. After that,
thesampleswere centrifuged and washed with distilled
water frequently.

Characterization
(a) Particlessizeand mor phology
Nanoparticlessizeand morphol ogy wereexamined
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by Transmission Electron Microscopy (EM 900 mode,
Co. Zess).
(b) X-ray powder diffraction
Theaveragecrystalitesize (L) wasmeasured by
Scherer’s equation:
L (nm)=K A (nm)/p Cos6 (@)
B is the pesk full width at half maximum height that its
guantity was obtained using XRD software, 0 is the
angle of diffraction peak and K (=0.9) is a constant
vaue
(c) FT-IR characterization
TheFTIR of particleswererecorded by employ-
ing FT Infrared Spectroscope (JASCO, FT/IR-6300,
Japan) intherange of 4004000 cm™. FTIR spectraof

bare and coated MNPswere obtained in KBr pellets
with aNicol et-lmpact-400 D.

(d) M agnetization measurements

M agnetization measurementswere carried out by
Alternating Gradient Field Magnetometry (AGFM) at
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X-ray powder diffraction

X-ray diffraction pattern of CZF isshowninFig-
ure 2. Wide spread peaks demonstrated that the aver-
agesizeof crystalinegrainsisinthe nanometer scae.
Thesamplehasspind structure (accordingtotherefer-
encefiles22-1086, CoFe,O, and 22-1012, ZnFe,0,).
Using of equation (1), theaveragecrystallite sizewas

room temperature up to 9000 Oe.
(e) Chemical analysis
Thecontent of Fe** inthe pureand coated MNPs

was done by atomic absorption spectrophotometer
(Shimadzu, AA-680).

RESULTSAND DISCUSSION

Particlessizeand mor phology

Transmission Electron Miscroscopy micrographsof
CZF,and CZF, aredemonstrated in Figures 1-aand
1-b, respectively. As can be seen from thesefigures,
particleshave nearly spherical structuresinbothim-
agesand can beclearly identified that particlesdistri-
bution aremainly uniform. The average nanoparticles
sizes of CZF, and CZF, are 16 and 40 nm, respec-
tively. Theaverage particle s ze of coated nanoparticles
isgreater than the average bare nanoparticlesand this
islogica.
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Figurel: TEM micrographsof (a) CZF and (b) CZF..

obtained about 13 nmthat isalittlesmaller thanthat of
result of TEM for baresample.

FT-IR characterization

To provethe presence of the surface coating, the
magneti c nanoparticles pre- and post- DM SA coated
wereevd uated usngthe FTIR method (Figure 3). Pesks
at 3425 and 1643 cm* arerelated to OH bandswhich
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indicated the presence of water inthe structure of mat-
ter. Peaksat 580 and 427 cmt indi cated that the spinel
structurewasformed and confirmed theresult of XRD
pattern. Peaksat 928, 1160, 1360 and 1701 cnrtwhich
showed in Figure (3b) indicated that DM SA coated on

the CZF-MNPssurface. The FTIR diagramsanaysis
confirmed the formation of Co-Zn ferrite phase and
showed the presence of cover on the surface of
nanoparticlesand a so the presence of water contentin
thesamples.
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Figure2: X-ray diffraction pattern of CZF .
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Figure3: FTIR spectraof (a) CZF and (b) CZF..
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Figure4: Magnetization curvesof (a) CZF, (b) CZF, and (c)
CZF,at roomtemperature.

M agnetization measurements

Themagnetic propertiesof CZF , CZF, and CZF,
powder were measured by AGFM. The plots of mag-

netization versus magnetic field at room temperature
for thesamplesare shownin Figure4. The magnetiza-
tion values at 9 kOe were obtained 40.4, 39.3 and
12.0 emu/g for CZF (Figure 4a), CZF1 (Figure 4b)
and CZF, (Figure4c), respectively. All samplesdid not
saturate. But, the magnetization of CZF, isclosetothe
bare sampl e and the magneti zation decreased by in-
creasing the concentration of DM SA, that can bedue
totheformation athicker coated onthe particles. The
va ues of saturation magnetization of thesampleswere
cd culated from extrgpolation of thecurvesM versus 1/
H. The saturation magnetization of CZF , CZF, and
CZF,are43.1,42.4 and 13.9, respectively.

Chemical analysis

The concentration of Fein CZF, and CZF, are
325 and 225 ppm. Thissmall concentration indicated
the presence of DM SA coated on the surface of the
bare MNPs.

CONCLUSIONS

Findings showed that Cobalt-zinc ferrite
nanoparticlesand CZF-MNPscoated with DM SA with
ananoparticlesizeof approximately 16 nmand 40 nm
can be synthesized using co-precipitation method.
Nanoparticdeswhich synthesized usingthismethod have
somewater content. The decrease of magnetizationand
molar mass|ossafter coated and chemical analysisof
FTIR spectra confirmed the formation of the CZF-
MNPs @ DMSA. In other words, DMSA cover is
located on the surface of pure CZF-MNPs. The satu-
ration magneti zation of coated nanoparticlesdecreased
by increasing the molarity amount of DM SA coated up
t0 0.01 M. These nanoparticles can be suggested for
biomedicine applicationsdueto their small sizeof less
than 100 nm and al so high magnetization value. Of
course, the cytotoxicity of these synthesized
nanoparticles should be studied and verified using of
different cell lines.
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