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The nanocrystalline mixed system 0.90(Fe203)/0.10Zn0O has been prepared by coprecipitation and calcination
processes. The phase composition of samples was determined by X-ray diffraction. The studied nanocrystalline
sample is dominated by phase FeaOs but very small amounts of ZnO and ZnFe;O4 phases were also identified.
The ferromagnetic resonance investigations of the obtained sample have been carried out in the temperature range
from liquid helium to room temperature. The asymmetrical and very intense magnetic resonance line was recorded
at all temperatures. A significant shift of spectra towards lower magnetic fields with decreasing temperature was
observed. A very good fitting by two Lorentzian functions has been obtained which suggested the existence of
a strong anisotropic magnetic interaction. Some similarities in behaviour of ferromagnetic resonance parameters
of the present sample and the 0.95Fe2O3Fe203/0.05Zn0O sample were noticed but the parameters values were
essentially different. The gradients AH,/AT (where H, is the resonance field), the broadening processes of
the resonance lines as well as the line amplitudes were changing more intensely changing with temperature in
comparison to sample 0.95Fe203Fe203/0.05Zn0. The following values AH; /AT are obtained: 16.7(1) Gs/K and
20.7(1) Gs/K over the 60 K temperatures where below 40 K is 41.5(1) Gs/K and 56.0(1) Gs/K. The reorientation
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processes were more active at low temperatures for smaller concentrations of magnetic nanoparticles.

PACS: 75.50.Tt, 76.30.Fc, 76.50.4-g

1. Introduction

Low and high concentration in nanoscale level of mag-
netic particles has attracted great interest for investiga-
tion of magnetic interactions which could transform es-
sential physical properties different materials e.g. [1-13].
The mixed n(Fez03)/(1 — n)ZnO nanocomposites could
form two coexisting important magnetic phases (y-FezO3
and ZnFepO4) and for higher value of n they are domi-
nated by iron oxide [14-17]. Study of such systems can
provide important information on the reorientation pro-
cesses of highly correlated spin systems and the role of
intermolecular dipole—-dipole interactions.

The aim of this report is the investigation of dynami-
cal magnetic properties of nanostructural 0.90(Fe2O3)/
0.10ZnO composite prepared by wet chemical method
by using ferromagnetic resonance (FMR) spectroscopy at
different temperatures. The characterization of the com-
posite has been done by scanning electron microscopy
(SEM) and X-ray diffraction (XRD).

* corresponding author; e-mail: ngouskos@phys.uoa.gr

2. Experimental

The samples were synthesized using wet chemistry
method. The mixture of zinc and iron hydroxides was
obtained by an addition of 26% ammonia solution to the
20% solution of zinc nitrate (V) hexahydrate and iron
(III) nitrate (V) tetrahydrate. The obtained residue was
filtered, dried and calcined at 573 K for 1 h. A detailed
method of preparation is described elsewhere [14, 15].
The samples were characterized by a number of meth-
ods listed below. XRD measurements were conducted
using X’Pert X-ray powder diffractometer with Cu K,
radiation (1.54056 A). The mean crystallite size (MCS)
was calculated on the basis of Scherrer’s formula. The
raw data was processed using X’Pert Highscore software.
The morphology of the obtained samples was investigated
by using scanning electron microscopy (SEM-LEO 1530).
The real chemical composition of samples was determined
using inductively coupled plasma atomic emission spec-
troscopy (Yvon-Jobin, France). The specific surface area
of the nanopowders was determined by the Brunauer—
Emmett—Teller (BET) method (nitrogen adsorption) us-
ing Gemini 2360 of Micromeritics. The helium pycnome-
ter AccuPyc 1330 of Micromeritics was applied to deter-
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mine the density of powders.

The FMR spectra were recorded on conventional X-
-band (v = 9.4 GHz) Bruker E500 EPR spectrometer
with 100 kHz magnetic field modulation. Samples con-
taining around 20 mg of nanopowder were placed in 4 mm
diameter quartz tubes. The measurements were carried
out in the temperature range of 4-300 K using an Oxford
helium-flow cryostat.

3. Experimental results and discussion

The application of high temperatures in the co-
-precipitation/calcination synthesis of oxides is the main
reason for grain agglomeration. To avoid this process al-
low calcinations temperature of 300.1 °C was used. Table
summarizes the results of the density and specific sur-
face area measurements to gather with sample chemi-
cal composition determined by ICP-AES measurements,
in perfect agreement with the nominal one calculated
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from the initial concentration of the precursor salts. The
compared with nanostructural composition 0.95(Fe2O3)/
0.05Zn0O is lowered specific surface area and increases
concentration of magnetic nanoparticles oxide irons [13].
XRD analysis has shown that the main phase is the cubic
spinel v-Fe;O3 (Fig. 1). However, low intensity diffrac-
tion peaks corresponding to hexagonal ZnO (blue vertical
line) and ZnFe;O4 (red vertical line) are also traced (in-
set of Fig. 1). Peaks corresponding to ZnFe;Q4 are not
clearly visible because of a very low content of this phase.
The mean crystallite size of the FeoOg phase, calculated
by the Scherrer formula, was found to be 24 nm. SEM
images reveal the agglomerated structure of the synthe-
sized material, as shown in Fig. 2. The agglomerates have
a mean size of about 60 nm and are bound to each other
creating large structures. The powder exhibits homoge-
neous structure, with a distribution of the agglomerates’
sizes in a narrow range. Most likely the observed struc-
tures originate from the FesO3 phase.

TABLE
Characteristic parameters of 0.90(Fez03)/0.10ZnO and 0.95(Fe203)/0.05Zn0O [13] samples.
Nominal Nominal Densit Surface Measured Measured
concentration concentration [ /cmS}], area concentration concentration
Fe; 03 [wt%] 7Zn0 [wt%] & [m2/g] | FexOs [wt%] 700 [wt%]
90 10 4.8 103 89.8 8.6
95% 5 4.8 83 95.4 4.6
(
In Fig. 1 the FMR spectra of nanostructural T = 90 K is given. The decompositions of the spectra

0.90(Fe203)/0.10ZnO composite at different tempera-
tures are given. The very intense and asymmetric res-
onance line is shown displaying a strong temperature
dependence. The resonance line is centered at geg =
2.061(1) (H, = 3260(1) Gs) with linewidth AH,, =
690(1) Gs while for nanostructural 0.95(Fe203)/0.05ZnO
composite the following values were obtained: g¢geg =
2.104(1) (H, = 3194(1) Gs) with linewidth AH,, =
820(1) Gs [13]. Essential differences are registered for
the values of the resonance field and linewidth in both
nanocomposites differing in concentration of iron ox-
ide. The FMR line asymmetry suggests that the ob-
served signal could be composed of two resonance lines.
The experimental FMR resonance line could be fitted by
two Lorentzian functions with different amplitudes and
linewidths. The linewidth (AHy,) of the FMR signal
is comparable to the value of the resonance field. The
fitting function f(H) has to include Lorentzian absorp-
tion derivatives corresponding to the both, right and left,
circularly polarized components A(Hy) and A(H ) of
the linearly polarized microwave field f(H) = A(H,) +
A(H ).

In Fig. 3b an example of fitting the experimental mag-
netic resonance spectrum with two component lines at

registered at different temperatures on two lines (line 1
and 2) allowed calculation of the spectral parameters (sig-
nal amplitude, resonance field, and linewidth).

Figure 4 presents the temperature dependence of the
FMR parameters for both resonance lines. The nanopar-
ticles for which the applied magnetic field is parallel to
the easy axis of magnetization produce a high-field line
(line 1) while the nanoparticles with an easy axis perpen-
dicular to the applied field generate a resonance field at a
low-field (line 2). After decomposition, at room temper-
ature the resonance lines are given the following values
of g and AHp,: g1 = 2.041(1) (H, = 3311(1) Gs) with
linewidth AH,, = 541(3) Gs and g, = 2.206(1) (H, =
3036(1) Gs) with linewidth AH,, = 342(5) Gs for lines 1
and 2, respectively (for 0.95(Fe203)/0.05ZnO compos-
ite g1 = 2.026(2) (H, = 3340(1) Gs) with linewidth
AHp, = 294(5) Gs and go = 2.174(2) (H, = 3118(1) Gs)
with linewidth AH,, = 675(5) Gs [13]). A significant
difference in the magnetic response is observed between
lines 1 and 2. For both lines the resonance field (H;)
shifts towards low magnetic fields with temperature de-
crease and this shift is more intense in the low tempera-
ture range. The resonance condition is the following:
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Fig. 1. XRD pattern showing the most intense peaks

positions of ZnO (blue line) and ZnFe2Oy4 (red line).
Red squares mark Fe;Ogs peaks. The inset shows the
most intense line in an expanded scale.

oo
™| Mag=25000KX LEO 1630 - IWC PAN

oo
' Mag=10000KX LEO 1630 - WG PAN

Fig. 2. SEM images of the 0.95(Fe203)/0.05Zn0O

nanopowder.

hv = gus(Ho — Hint) (1a)

Hint = Hdip + Hdem + Hdip’a (1b)
where h — the Planck constant, ¥ — microwave fre-
quency, up — the Bohr magneton, Hy — external applied
magnetic field and Hj,y — internal magnetic field induced

by reorientation processes by spin system, Hg;, — mag-
netic dipole interaction inside nanoparticle, Hqepn, — de-
magnetization field and Hg;p,y — magnetic dipole inter-
action between agglomerates. Hiyt is anisotropic where
strong temperature dependence is observed. The intro-
duced temperature gradient AH, /AT (ratio of resonance
field change vs. temperature) gives important informa-
tion about reorientation processes of correlated spin sys-
tem. Four temperature ranges with large differences are
observed for the AH,/AT gradient: 290 K to 60 K,
AH, /AT = 3.6(2) Gs/K and AH,/AT = 7.4(2) Gs/K,
from 60 to 49 K plateau is observed, AH,/AT = 0
for both resonance lines, and below 40 K AH, /AT =
75.4(2) Gs/K and AH,/AT = 41.9(2) Gs/K for line 1
and 2, respectively (for 0.95(Fe203)/0.05ZnO composite
AH,/AT = 3.7(1) Gs/K and AH,/AT = 8.3(1) Gs/K,
from 60 to 40 K plateau is observed, AH,/AT = 0
for both resonance lines, and below 40 K AH,/AT =
40.5(1) Gs/K and AH,/AT = 49.6(1) Gs/K [13]). The
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Fig. 3. FMR spectra of 0.90(Fe203)/0.10ZnO in the
low temperature range (a), in the high temperature
range (b) and decomposition of observed spectrum on
two components (c).
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Fig. 4. The temperature dependence of the FMR pa-
rameters in low temperature range: resonance field —
H, (a), linewidth — AH,, (b), amplitude — A, (c),
and integrated intensity — Iint (d). The insets show the
same dependence in high temperature range.

reorientation processes of magnetic moments for the reso-
nance line 2 are more intense, especially at high temper-
atures (AH,/AT(line 2)/AH,/AT(line 1) = 2.1 above
60 K), while at low temperatures (AH,/AT(line 2)/
AH,/AT(line 1) = 0.6 below 40 K) (for 0.95(Fe203)/
0.05Zn0O composite this ratio is the following: 2.3 and
1.2 [13]). Additionally, it increases drastically below
48 K, while for 0.95(Fe303)/0.05ZnO composite it is
shifted to 41 K [13]. Even small concentration of mag-
netic nanoparticles influences significantly the reorienta-
tion of the correlated spin system at low temperatures.
The linewidth increases with decreasing temperature
and below 35 K drops for resonance line 2 while such in-
tense process for line 1 is not observed (Fig. 4b). The am-
plitude and integrated intensity of both resonance lines
have increased with an increase in temperature for both
lines, where for line 1 it is more intense than for line 2,
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while it is drastically changed below 35 K (Fig. 4c and d).
Some anomaly is observed at 260 K which is shifted
by 20 K for a composite with higher concentration of
the magnetic nanoparticles [13]. The freezing state in-
fluence significantly reorientation processes of correlated
spin systems. The higher concentration of the magnetic
centers is connected with resonance line 1 but the broad-
ening processes is higher for the resonance line 2. The
relaxation processes transfer excited energy between cor-
related spin systems could influence the broadening pro-
cesses. The decrease of the integrated intensity with tem-
perature decrease in high temperature range is a char-
acteristic behaviour of magnetic nanoparticles (or clus-
ters) in the form of agglomerates embedded in a nonmag-
netic matrix [9, 10, 12]. The resonance line 1 exhibits a
smoother variation of integrated intensity with tempera-
ture because the correlated spin system connected with
line 1 consist in higher concentration and it allows for the
possibility of different reorientation processes of the mag-
netic moments that could be responsible for the strong
anisotropic magnetic interactions. Additionally, the “vis-
cosity” of materials could influence the reorientation of
spin correlated system [18].

4. Conclusions

The nanostructural 0.90(Fez03)/0.10ZnO composite
was prepared by a wet chemical method and character-
ized by SEM and XRD. The spectra were investigated by
FMR over a wide temperature range. The obtained FMR
spectra were analysed in terms of two separate resonance
lines which reveals a strong anisotropic temperature de-
pendence of the FMR parameters. The slowly decreasing
concentration of magnetic nanoparticles in strongly cor-
related spin system significant influence the reorientation
processes.
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