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A two component, inhomogeneous medium can produce magnetodielectric (MD) effect without
any magnetoelectric coupling. Here, we have prepared an inhomogeneous material by growing
CuO within two dimensional mesostructures of silica template SBA-15 by a single step method.
The (CuO)x-(SBA-15)1x nanocomposites with different weight percentages (x ¼ 0.2, 0.35, and
0.5) were characterized by small angle x-ray diffraction study and transmission electron
microscopy. Both studies confirmed the highly ordered hexagonal mesostructure for CuO(20)
where 20 is the weight percentage of CuO in nanocomposite (i.e., x ¼ 0.2). The mesostructure was
destroyed on increasing the percentage of CuO incorporated. The nanocomposites exhibited
magnetodielectric effect with dielectric constant change of 4.4% and 3% for CuO(20) and
CuO(35), respectively, at 1.8 T magnetic field. This effect was explained on the basis of a two
dimensional inhomogeneous two component composite model. No such effect occurs in CuO(50)
C 2012 American Institute of Physics.
due to total disappearance of the ordered mesostructure. V
[http://dx.doi.org/10.1063/1.4757421]
I. INTRODUCTION

The magnetodielectric (MD) (or magnetocapacitance)
effect involving a change in dielectric permittivity with
applied magnetic field has been a topic of great research interest in recent years because of basic physics as well as possible
applications.1–5 Dielectric response under a magnetic field is
often used to characterize the multiferroic systems where ferroelectric and ferromagnetic orders coexist and are coupled.6,7
However, a combination of Maxwell-Wagner polarization
and magnetoresistance can produce MD effect without any
magnetoelectric coupling.8,9 There is another possibility
which does not require magnetoresistance to produce magnetodielectric effect in an inhomogeneous system because of
space charge polarization coupled with Hall effect at the interface.4 Composite structures, therefore, should provide a wonderful opportunity to tailor make materials with useful
magnetodielectric property. This should be specially so in
nanostructured systems, which could be exploited for use in
nanodevices and nanosensors. We have explored the possibility of preparing nanocomposites of a semiconducting metal
oxide and mesoporous silica with the above objective in view.
Mesoporous materials (pore size 2–50 nm) have attracted
considerable attention in recent years due to their unique
characteristics (large surface area, high pore volume, and uniform pore distribution)10,11 and potential applications in catalysis12–14 and sensors.15–17 Highly ordered mesoporous
silica materials, such as MCM-41, KIT-6, and SBA-15 are
widely used as templates for preparation of nanomaterials
with controlled size and shape. Various metal18,19 and metal
oxides such as CuO, NiO, Co3O4,20 TiO2,21 In2O3,22 Fe3O4,13
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MgO,17 and ZnO23,24 have been synthesized within the mesoporous templates. Recently, mesoporous transition metal
oxides have been studied extensively due to their novel sensing, photocatalytic and optical properties.17,21,25 Among the
transition metal oxides, CuO is a promising material for catalysis26 and gas sensing.27 It is also used as lithium ion electrode material28 field emission emitter29 and so on. There are
several reports on mesoporous CuO mainly focusing on the
different routes for its synthesis.20,30–32 In the present work,
we have synthesized highly ordered CuO-SBA-15 nanocomposite in one pot method and investigate its magnetodielectric
property at room temperature. SBA-15 was chosen because
of its two-dimensional configuration. Reasonably, high values
of magnetodielectric coefficient have been found. The results
have been satisfactorily explained using an inhomogeneous
conductor model.4 The details are reported in this paper.
II. EXPERIMENTAL
A. Preparation of SBA-15 and CuO-SBA-15

Mesoporous silica SBA-15 was prepared according to
the method reported by Zhao et.al.11,33 At first, block

FIG. 1. Schematic representation of preparation of the CuO-SBA-15
nanocomposite.
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FIG. 2. (a) Small angle x-ray diffraction
patterns of the pure SBA-15 and CuOSBA-15 nanocomposites. (b) Wide angle
x-ray diffraction pattern of CuO(50).

co-polymer P123 taken as a soft template was dissolved in
2M HCl solution. Tetraethylorthosilicate (TEOS) was added
into that solution with stirring at 308 K for 24 h. For hydrothermal treatment, the resulting solution was transferred into
a Teflon-lined stainless steel autoclave at 373 K for 24 h.
After hydrothermal reaction, the resulting solid product was
recovered through filtration, washed with deionized water
and dried at room temperature. To remove the template, the
sample was calcined at 823 K for 6 h. Pure mesoporous silica
SBA-15 was obtained.
To prepare CuO-SBA-15, Copper nitrate salt was added
in different weight percentages to the 2M HCl solution of
P123 and stirred for 1 h before addition of TEOS. The next
steps were the same as those mentioned above. The
(CuO)x(SBA-15)1x samples are designated as CuO(20),
CuO(35), and CuO(50) for the nanocomposites with x ¼ 0.2,
0.35, and 0.5, respectively. The preparation of CuO-SBA-15
nanocomposite starting from P123 micelle is shown schematically in Fig. 1.
Small and wide angle x-ray diffraction patterns of different samples were recorded in BRUKER D8 XRD SWAX diffractometer (manufactured by Bruker, Karlsruhe, Germany)
using CuKa radiation. The microstructures of the samples were
studied by a JEOL Model JEM 2010 CX transmission electron
microscope (TEM) manufactured by JEOL from Tokyo, Japan
operated at 200 kV. The change of dielectric constant as a
function of magnetic field was measured using an electromagnet supplied by M/S Control Systems & Devices, Mumbai,
India and an Agilent E4980A precision LCR meter (manufactured by Agilent Technologies, Santa Clara, USA).

CuO(35). Only CuO(50) showed prominent peaks corresponding to monoclinic CuO phase (JCPDS file no: 80-1916)
as shown in Fig. 2(b). The amount of CuO phase was too
small for x ¼ 0.2 and 0.35 compositions to cause any x-ray
diffraction peaks in the wide angle x-ray diffraction pattern.
Such observations were also reported earlier in similar systems involving the mesoporous material SBA-15.17,30
Figures 3(a) and 3(b) show the transmission electron
micrographs of pure SBA-15 taken along and perpendicular
to the channel direction, respectively. It is evident from the
images that SBA-15 has highly ordered 2D hexagonal

III. RESULTS AND DISCUSSION

Figure 2(a) shows the small angle x-ray diffraction
(SAXRD) patterns of the three CuO-SBA-15 nanocomposites
with different CuO percentages along with pure SBA-15. The
XRD patterns of pure SBA-15 and CuO(20) exhibit three
well-resolved peaks attributed to (100), (110), and (200) of
SBA-15. These are characteristic of a 2D-hexagonal mesoporous material. But in the case of CuO(35) and CuO(50), the
peaks almost disappear which indicate that with an increase
in CuO the ordered mesoporous structure is destroyed. This is
also confirmed by transmission electron microscopy. No
reflections of the crystalline CuO phase were found in the
wide angle x-ray diffraction patterns for CuO(20) and

FIG. 3. Transmission electron micrographs of (a) and (b) pure SBA-15, (c)
and (d) CuO(20), (e) CuO(35), and (f) CuO(50).
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(p6mm) mesoporous structure. The pore width of the hexagonal pores estimated from the TEM images is found to be
5 nm. Figures 3(c) and 3(d) show the TEM images of the
nanocomposite CuO (20), which confirm that the ordered
mesoporous structure remains unaffected in this nanocomposite. Figures 3(e) and 3(f) show the morphologies of CuO
(35) and CuO (50), respectively. Although the SAXRD
results show no peaks for both CuO(35) and CuO(50), TEM
image indicates that CuO(35) has a partially destroyed ordered mesostructures whereas in CuO(50) the structure has
totally disappeared.
Figures 4(a) and 4(b) show the variation of dielectric
constant e0 with magnetic field (H) measured at frequency
200 kHz for CuO(20) and CuO(35), respectively. It is evident
that e0 decreases with the increasing magnetic field. This can
be explained on the basis of an inhomogeneous, twodimensional, two component composite model proposed by
Parish and Littlewood.4 They have shown theoretically that
magnetocapacitance can be produced in an inhomogeneous
composite medium without any magnetic order. When an
electric field is applied to a system consisting of conducting
and non-conducting layers, there will be an accumulation of
space charges at the boundary. An effective dipole moment
results in the process. On applying a magnetic field, the
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charges are moved perpendicular to both the electric and
magnetic field directions due to Hall effect. The electric
charge concentration at the boundary is hereby reduced. As a
consequence, the dielectric constant goes down. Magnetic
field dependent dielectric relaxation has been found experimentally in case of NiFe nanowires in nanoporous silicon.34
Recently, we have reported the magnetodielectric effect in Ni
nanosheets within Na-4 mica, which also support the above
mentioned model.35 In the present work, CuO phase was
grown within the two-dimensional mesoporous silica template SBA-15. Here, conducting CuO and insulating silica
template make an ideal inhomogeneous, two-dimensional,
two component composite system. The dielectric permittivity
ec ðxÞ of such a composite system consisting of a purely resistive and a purely capacitive region connected in series is
given by4
ð1 þ ixsÞ
ec ðxÞ ¼ e qffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ;
ixs½ð1 þ ixsÞ2  ðxsbÞ2 

(1)

where, x is the angular frequency of the electric field
applied, e the dielectric constant of the insulating part of
SBA-15, s ¼ eq, q being the resistivity of the CuO phase

FIG. 4. Variation of dielectric constant with magnetic field for (a) CuO(20) and (b) CuO(35) at room temperature. (c) Real and (d) imaginary part of dielectric
permittivity fitted with theoretical values for CuO(20) and CuO(35). Solid line represents the theoretically fitted curve.
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and b ¼ lH, l being the carrier mobility, and H the applied
magnetic field. It should be mentioned here that the above
equation was derived by assuming that the proportions of
each phase in the material were equal. Though in the present
system as a whole, the volumes of the two phases are not
equal, it has to be kept in mind that the regions contributing
to the Maxwell-Wagner and Hall effect consist of silica with
a wall thickness approximately equal to the thickness of
CuO within its pore. Hence, it is justified to use Eq. (1) for
the nanocomposite studied here. The experimental results for
real and imaginary part of dielectric permittivity ec ðxÞ
shown in Figs. 4(c) and 4(d), respectively, were fitted with
the above equation using l and xs as parameters. The theoretical results are shown by solid lines. It can be seen that the
theoretical model gives results in satisfactory agreement
with the experimental data. The fitting was carried out to
substantiate the model of space charge polarization modified
by Hall effect as invoked earlier. The MD parameter is
defined as MD ¼ ½eðHÞ  eð0Þ=eð0Þ, where eðHÞ and eð0Þ
are dielectric constants at magnetic field H and zero, respectively. The percentage change in real part of dielectric permittivity is found to be 4.4% and 3% for CuO (20) and CuO
(35) nanocomposites, respectively, for 1.8 T applied magnetic field. It must be noted that percentage change of dielectric constant decreases with increasing CuO content in the
nanocomposite. As CuO content increases in the nanocomposite the ordered mesoporous structure of SBA-15 starts
getting destroyed and eventually disappear in case of 50%
CuO. Through this disordered structure, CuO phase makes a
percolating path. Therefore, CuO (50) does not show any
magnetodielectric effect as the two component, inhomogeneous model does not apply any more to the system.
IV. SUMMARY AND CONCLUSIONS

In summary, CuO-SBA-15 nanocomposites were synthesized by growing CuO phase (with 20, 35, and 50 weight percentage) within 2D ordered mesoporous structures of
SBA-15. CuO(20) and CuO(35) showed magnetodielectric
effect with dielectric constant change of 4.4% and 3%,
respectively, for 1.8 T magnetic field. CuO(50) did not exhibit such effect because of the destruction of ordered mesoporous structure with increasing percentage of CuO in the
nanocomposite. This magnetodielectric effect has been
explained on the basis of an inhomogeneous, twodimensional, two component composite model. These mesoporous nanocomposites can be used in nanodevices and nanosensors. Also the present approach will open up the
possibility of synthesizing tailor-made nanocomposites with
required values of magnetodielectric parameter.
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