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MAGNETIC BEHAVIOUR OF MAGHEMITE NANOPARTICLES
STUDIED BY MOSSBAUER SPECTROSCOPY

D.Predoi, V.Kuncser, and G.Filoti
National Institute for Physics of Materials, Ro-76900 Bucharest-Magurele, Romania

Abstract: Two systems of nanoparticles with different surface states have been
prepared by sol-gel methods and analysed by X-ray diffradometry, transmisson eectron
microscopy, thermal analysis and temperature dependent Mosshauer spectroscopy. Surface
states and phase mntent, particle mean size ad the magnetic anisotropy energy constant
were eval uated.

1. Introduction

The dependence of the physical properties of the magnetic materials on the particle
grain size is a well-known phenomenon The interest in this field is increased on the
account of the observation that materials with nanometer-size particles (3-10 nm in
diameter) exhibit novel eectronic, optical, magnetic, chemical and ho-medical properties

(1].

Maghemite, y—Fe,O;, is a techndogically important compound widely used for the
production of magnetic materials and catalysts. Unfortunately, pure maghemite transforms
into o— Fe203 (hematite) at rather law temperature (~ 300°C). In order to avoid the
sintering processand to stabili se the magnetic phase, maghemite based nanocomposites are
more suitable materiads for applications. A great deal of interest in nano-composite
containing maghemite nano-particles dispersed in poymeric, glassy or ceramic a matrix has
been therefore evidenced in the recent yeas. However, the magnetic behaviour of the
composite is mainly imposed by the behaviour of the maghemite nano-constituent [2].

In this paper we report on the preparation of y-Fe203 nano-particles with a mean
size of order of 10 nm and with different hidratation and surfactant degrees. The particles
were prepered by sol gel method and their structura and magnetic charaderistics were
analysed by X-ray diffradometry (XRD), transmisson eledron microscopy (TEM),
thermal analysis and Mossbauer spedroscopy (MS).

2. Experimental

Based on Massart’s methods [3], agqueous mixture of ferric and ferrous slts with
NaOH, as an akali source has been prepared as gock solutions. The synthesis of
maghemite nanoparticles has been carried out via acontrolled copredpitation approadh.

The fradions gock solutions (30ml) have been obtained in two ways: (i) by
neutralizing the surface electrostatic charge & apH ~ 8 and, (ii) by rapidly adding 1@ —150
ml of H2SO4 1 M. The predpitate were separated by centrifugation and then dried a room
temperature, producing thus samples GN (casei) and GS (case i), respectively.

Spherical nano-particles were observed in eledron micrographs obtained with an
JEOL 100 CX microscope, for both samples. The particle size and structure were
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additiondly analysed by using an X-ray diffractometer (Philips PW 1830), operating in the
reflexion mode, with Cuy, radiation. Thermal analysis of the samples was smultaneously
performed by DTA/TG (differential therma anaysis and thermogravimetry) techniques.
The experiments were redised under oxygen atmosphere with a heating speed of 50C/min,
on a NETZSCH STA 409 instrument. Magnetic relaxation phenomena were studied by
M 6ssbauer spectroscopy. The Mdsshauer spectra were acquired at different temperatures
with sample inserted in a nitrogen beth-cryostat and wsing a constant acaeration
spectrometer with symmetrical waveform and a > Co(Rh) source:

3. Experimental results and discusgon

The XRD patterns of sample GN are presented in Fig.1. Pe& positions and
relative intensity correspord to thase of the reference date for y —Fe203 [4]. The lattice
parameter of y —Fe203 crystalline structure, as obtained from the pe&k positionsin Fig.1is
a= 0.834nm.
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Fig. 1- X-ray diffradion pattern of the GN sample (Cu K, ). A mean coherence length of

10,5 (5) nm was derived by using Scherer' s formula.
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An average grain size of 10,5(5) nm was deduced from the full width at half
maximum (FWHM) by using Sherrer’s formula. FWHM of the diffradion peaks were
evaluated from profile fit analyse performed with Philips PC-APD software and assuming
Gausdan profiles. This mean grain size obtained via X-ray
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Fig. 2 - A micrograph for sample GN (a) and the crrespondng size distribution (b). A
mean particle diameter of 10,5 (5) nm was derived from this distribution.

diffractometry is consistent with the mean size deduced from TEM observations (Fig.2).
Similar results were obtained for sample GS, which show within the aror range amost the
same particle mean, size & GN.
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Figure 3 -Typical DTA/TG curves relative to the sample GN (@) and GS (b).

Figure 3 shows typica DTA/TG curves relative to the sample GN (Fig. 3a) and
GS (Fig 3). The TG data indicates a loss of water up to the transformation y—Fe,Os into
a-Fe,0;, at abou 500°C (sample GN) and 700°C (sample GS) respedively, as evidenced
by corresponding exothermic picks in DTA curves For sample GN there is a total weight
lossof around [02.15 % (Fig.3a) taking dace approximately in three steps: (i) from room
temperature up to 150°C, (i) between 150°C and 250°C and (jii) above 250°C. The first
weight loss corresponds to the elimination of hydroxyl groups weakly borded to the
particles (physisorbed water). The second weight loss corresponds to the removal of the
perchlorate content. Above 250°C, the weight loss results from the removal of strongy
adsorbed water (e.g. the dehydratation of surface hydroxo ligands). For sample GS, the
successve weight losses represent in al arourd 85 % (Fig. 3b) and take place
approximately in four steps: (i) from room temperature up to 180°C, (ii) from 180 to 400°C,
(iii) from 400 to 600°C and (iv) above 600°C, the last one being due to the elimination of
SO, gas (evidenced by a sharp loca minimum -endothermic pick- in DTA curve).
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The particles hydration obtained by thermal anaysis, neglecting residual
perchlorate, is given in Table 1. From these results it can be deduced that for sample GN,
the surfaceFe aoms, Fey,s, are cntained in an ouer layer of about 0.3 nm thick and in
average one H,O moleaule crresponds to a surface Fe aom. For samples GS, the S content
estimated by chemica and thermal analysis are in very good agreement. In addition, the
thermal analysis data for sample GS suggest adsorbed species with net composition SO,
2H,0, and one sulphur atom corresponding to one surfaceiron.

Table1
Thermal analysis characteristics for the mnsidered samples.
D Fe,0O; H,O/Fe Al/Fe Fey i/Fe
Sample (nm) (Wt%) (mol/mol) | (mol/moal)
GN 10.5 97.85 0.11 - 0.09
GS 10.5 92,5 0.19 0.09 0.08

Note: A stands for SO, in samples

The M 6sdauer spedra (MS) collected at different temperatures on samples GN and GS are
presented in Fig.4 a and b, respedively. The spectrum of sample GN at 80K consistsin a
large sextet. This broadens sgnificantly at higher temperatures. Moreover, the intensity
ratio between both the first and the third and the second and the third line respedively are
changing with temperature, the spectra mllected above 150 K presenting clea evidence for
magnetic relaxational effects. The genera trend of the colleded spectra stand for a
superparamagnetic transition-taking place above 300 K and therefore the spedrum
collected at 80 K may be still considered as correspording to a magnetic static regime. For
intermedi ate temperatures in the range between 80 K and 300 K, the nano-particle magnetic
moments (and consequently the individua spins) behave in the regime of colledive
excitations [5]. However, even at lower temperatures the typical sextets are still broad and
therefore, all the temperature dependent M dssbauer spedra were fitted by a distribution of
hyperfine fields, following the Hess-Rubartsch agorithm. Excepting the broad sextet,
sample GS show at 80 K a central paramagnetic doublet with an isomer shift of about 0.9
mm/s and QS of 1.2 mm/s, inferring the presence of paramagnetic iron in an oxidation state
lower than 3, most probable connected with the sulphur atoms in the particle surface shell.
At 80K, the most probable hyperfine magnetic field for both GN and GS samples is about
50 T, which isatypicd value of nanocristalline maghemite [6]. For a particle of volume V,

the hyperfine magnetic field at atemperature T is expressed as [5]:

H, (T,V)=H,[Q-KT/2KV), )
where Hy is the magnetic hyperfine field in the absence of magnetic fluctuations, k is the
Boltzmann's constant and K is the magnetic anisotropy energy constant.
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Figure 4 - Mdsshauer spectra of sample GN (a) and GS (b), collected at different

temperatures.

A linear deaease of the hyperfine field vs. the temperature has to be mentioned for this
regime, with the slope dependent on both the anisotropy energy constant and the mean
particlesize
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Figure 5 - Magnetic hyperfine field h(T,V)=Hg(T,V)/Hq vs. temperature. The solid
lineindicaesthe best linear fit to the experimental resullts.

The value of h(T,V)=H«(T,V)/H, as a function of temperature is sown in Fig.5
for the sample GN. Most probable values for the hyperfine fields were considered,
according to the hyperfine field digtributions. The most probable value from the 80 K
digtribution (corresponding to the static regime) was considered for Hy. It is ®en from
Fig.5 that the results are in agreement with alinear temperature dependence of h(T,V). The
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value of K, obtained from the slope of the best-fitted linear dependence and considering
10.5(5) as amean particle diameter, is (2,1+0.3)[10° erg/cm’.

3. Conclusions

The performed investigations sow that particle surface states and phase
composition may be ntrolled by sol-gel preparation methods. Two systems of
nanoparticles with dfferent surfacestates and with a particle mean size of about 10.5 nm
were obtained.

The magnetic behaviour and the locd interactions where analysed by M ossbauer
spectroscopy at variable temperature. The X-ray and Mosdauer patterns provide evidence
for only defected maghemite nano-particles in sample obtained without the addition of the
sulphuric acid and an additional paramagnetic surfacestate in sample obtained by adding
sulphuric acid. An anisotropy constant of abou 210° erg/cm® was derived via the
Mossbauer data for the sample containing pure maghemite nano-particles, by asauming the
magnetic regime of the collective excitations.

Acknowledgments: The aithors are grateful to the Romanian Academy for
financia support by the Grant nr.38/2003 and Mrs.Dr. E. Tronc for the fruitful discussons.

RFERENCES

1. D.K. Kim, M. Toprak, M. Mikhailova, Y Zhang, B. Bjelke, J. Kehr, M. Muhammed,
“Surface modification of superparamagnetic nanoparticles for in-vivo bio-medica
applications’, Mat.Res. Soc. Symp.Proc. 704, W11.2.1-W11.2.6., 2002

2. G. Ennas, M.F. Casula, G. Picaluga, S. Salinas, M.P. Morals and C.J. Serna, “Iron and
iron-oxide on silica nanocomposites prepared by the sol-gel method’, J. Mater. Res 17(3),
590-596, 202

3. R. Massart and Jean Marc Fruchart, “ Synthése € étude physicochimique de ®llcides
magnéti ques non surfactees en milieu agueux”, IEEE Trans. Magn. MAG-17, 1247 (1981)
4. F. del Monte, M.P. Mordes, D. Levy, A. Fernandez, M. Ocafia, A. Roig, E. Malins, K.
O’ Grady and C.J. Serna, “Formation d y—Fe,O3 Isolated nanoparticles in a sili ca matrix”,
Langmuir, 13, 3627-3634, 1997

5. D.P.E. Dickson and F. Berry, “Mossbauer Spedroscopy” Cambridge University Press
1986

6. S. Marup, “Magnretic hyperfine splitting in Mossauer spectra of microcrystals’, J.
M.M.M., 37, 39-50, 1983



