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Structural Characterization and Electrical Property of the
Manganese Oxides/Silver Nanocomposite Thin Films
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Abstract—The  microstructural  characterization and
electrical properties of the manganese oxides/silver
nanocomposite thin films are investigated by the conducting
probe atomic force (CP-AFM). The nanocomposite thin films
were obtained thriugh electrodeposited by potentiostatic
method with silver acetate (AgC,HsOOH) and potassium
permanganate (KMnO,) aqueous solution. The morphology for
the thin films was examined by atomic force microscopy (AFM),
Scanning Electronic Microscopy (SEM) and transmission
electron microscopy (TEM). The spherical Ag,O nanoparticles
of several nanometer are dispersed homogeneouly in the thin
films and cubic shape Ag nanoparticles of about about 100nm
are spreaded on the surface of MnOx thin film. The thickness
of the MnOx thin film is about 250nm. The schottky junction
between Ag and MnOx with rectifying behavior was evidenced
by CP-AFM measurement. The turn-on voltage for the
junction is around 0.69V.

Index Terms—Silver nanoparticles, manganese oxides, thin
film, electrodeposition.

[. INTRODUCTION

Manganese oxides are widely used for energy storage
devices due to low cost, high energy density, environment
pollution free and nature abundance [1]-[3]. A lot of types of
manganese oxides have been investigated, including
nanocrystalline and amorphous phases [4]-[6]. In these
oxides, MnO, thin films for the supercapactive electrode
exhibited a relative high specific capacitance (SC) of 700 F/g
as reported [7], [8]. However, the SC of the MnO, electrode
decreased with the increase of film thickness due to the poor
conductivity of MnO, (10°-10° Sem™) and limits the
charge/discharge rate for high-power applications [9]. On
the other hand, non-stoichiometric manganese hydroxide
MnOy also has good SC properties, and can be obtained by
converting the manganese hydroxide (Mn(OH), ) [10], [11].
The Mn(OH), films can be fabricated by cathodic
electrodeposition from Mn*" salts solution.

Such a nanostructured film usually gives much higher
energy storage density. The performance of the energy
devices are basically determined by the structural and
electrochemical  properties of electrode materials.
Nevertheless, the electrical capacity of supercapacitor cell
depends on the electron transport mechanism and the type of
series connection resistance of the cell. The resistance of the
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electrode must be decreased to a proper value to give high
electronic transport and low charge leakage.

In this study, the manganese oxides thin films were
electrodeposited on the and ITO glass substrates with
potassium permanganate solution by potentiostatic method.
In addition, sliver was added as the conduction drug to
improve the conducting properties of the manganese oxides
thin film. The potassium permanganate was adopted in this
work is because that it is an oxidizing agent widely used as
reported [12]. This would enhance to co-deposite Ag with
the manganese oxides at the same side.

II. EXPERIMENTAL DETAILS

The electrochemical deposition and characterization of the
thin films were conducted at room temperature using a Jichan
5000 electrochemical workstation in a standard cell with a
platinum counter electrode, and a SCE or Ag/AgCl reference
electrode. The thin films were electrochemical deposited on
ITO glass substrate with potentiostatic method (-0.7V vs.
open circuit) for 200s.

The solutions for the deposition are prepared with the
potassium permanganate and silver acetate dissolved in
deionized water. The concentration of potassium
permanganate is 0.1M and the molar ratio of the Ag/Mn in
the solution is 1.6%.

The morphology of the thin film was studied using a field
emission scanning electronic microscope (FESEM, Hitachi
4800). The states of the ions were analyzed using an X-ray
photoelectron spectroscopy (XPS, VG ESCA Scientific
Theta Probe) under Al Ko (1486.6¢V) and the X-ray spot size
is 15um. The surface morphology and the surface electrical
properties were conducted by the AFM (Digital Instrument
NS3a controller with D3100). Commercial sharpened Ptlrs
coating tips attached to triangular cantilevers were used. The
set point was adjusted to minimize the force between the tip
and the sample in each measurement.

The I-V characteristic of the sample was also measured by
Conductive Atomic Force Microscopy (CP-AFM). CP-AFM
was used to examine the surface morphology and electrical
properties distributed of the films. Atomic force microscopy
(AFM) is normally used to study the topography of substrates
and structures made on them. Scanning of the sample is done
with a sharp tip on a cantilever. If the cantilever and tip are
made from of electrically conducting material, electrical
properties of the films can be studied at the same time.

III. RESULTS AND DISCUSSION

Fig. 1 shows the SEM surface micrograph of the



International Journal of Chemical Engineering and Applications, Vol. 4, No. 2, April 2013

manganese oxides thin films. It was found that cubic shape  is MnO, with small amount of Mn,0;. The manganese
particles and near-spherical smaller particles precipitated on  oxidation state of this film was 17.8 at% for Mn®* and 82.2
the surface of the thin films. The size of the near-spherical  at% for Mn*'from evolution of the spectra.

particles was about 30~50nm and that of the cubic shape
particles was about 100nm. The thickness of the MnOx thin
film is about 250nm. The composition of the particles on the
thin films was identified as the Ag from the EDX
investigation. (the left top in Fig. 1) The EDX spectrum of
the sample shows the presence of Mn, Ag and O as the major
elements at the vicinity of the cubic particles. In addition,
peaks corresponding to Si and In form ITO glass substrates
are also present. Therefore, the main composition of the
cubic particles is Ag from EDX analysis.
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Fig. 1. The SEM micrographs of the thin films and the EDX spectrum of the
particles (as arrowed)

. . . Fig. 2. TEM micrographs and electron diffraction patterns of the darker
Fig. 2 shows the TEM mlcrographs for the MnO, matrix of nanoparticles and MnOj thin film matrix. The darker nanoparticles are

the thin film. It was found that the MnO, matrix has the identified as Ag,O crystallites.
near-spherical nanoparticles embedded into the films as in
Fig. 2 (a). The size of the nanoparticles (darker particles)
varied from several nanometer to 30nm. The typical
diffraction pattern of spherical nanoparticles was shown in
Fig. 2 (b). The diffraction pattern of the nanoparticles was
classified as the single phase of Ag,O with primitive FCC
structure (JCPDF: 76-1393). On the other hand, the diffuse
ringing diffraction pattern of the matrix indicates that the
matrix MnOj thin film is near amorphous as in Fig. 2 (c).
This is well agreement to that the thin film is composed of the
MnO, nanoparticles of about 10nm form SEM observation.

On the other hand, Fig. 3 shows the TEM micrographs of
the cubic particles, which dispersed on the surface of the
MnO thin films. The main composition of the cubic shape
particle is identified as metal Ag from the EDX spectra
analysis as in Fig. 3. The spotty diffraction pattern suggests
the nanoparticles of silver metal with FCC structure. This is
well agreement to the result of SEM analysis. Therefore, the
microstructure of the thin films is that the spherical Ag,O
nanoparticles of several nanometer are dispersed
homogeneouly in the thin films and cubic shape Ag
nanoparticles of about about 100nm spreading on the surface
of MnOy, thin film.

Fig. 4 shows the XPS spectrum 0an2p3/ 2 of the thin film. F ig. 3. TEM micrographs and electron diffraction pattern of the cubic shape
The binding energy of the Mn2p3/2 for the manganese particles
oxidation state is 640.9¢V for the Mn?>*, 641.9¢V for the
Mn’**, 642.5¢V for the Mn*"as reported in literature [13]. In
our study, Therefore, the predominant phase of the thin film
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Fig. 5 shows the surface morphology and the surface
electrical conducting imagines of the thin films, the with
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lighter particles as observed in Fig (5.a) are Ag nanoparticles.
The size of the particles is about 200nm measurement from
AFM. This is very close to the observation from FESEM
analysis.

Intensity (a.u)

632 634 636 638 640 642 644 646 648
Binding Energy

Fig. 4. The XPS spectra of Mn2p3/2 of the sample. This peak was divided
into two spectra with Mn** and Mn*".
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Fig. 5. Surface morphologies of the thin films scanned by the CP-AFM. (a)
in normal mode, and (b) in conduting mode.

On the other hand, these Ag particles are darker spots from
CP-AFM scanning as in Fig. 5(b). This is ascribed to the
lower current through to Ag nanoparticles.The lower current
through the Ag nanoparticles is primarily due to the
metal-semiconductor contacts as Schottky barriers. A
metal-semiconductor junction that does rectify current is
called an schottky contact. It has been reported that a saddle
potential shape underneath the nano-Schottky contacts was
considerably modified by the surface Fermi level pinning on
the air exposed free surfaces [14].

This suggested that the potential underneath the Schottky
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contact between the MnO, matrix and silver particle is higher
than that in the interior of the silver nanoparticles and MnO,
matrix. The electrons in the silver nanoparticle with lower
potential should overcome the Schottky barrier to transport.
However, silver nanoparticles would become insulating if the
applied field is lower than the Schottky barrier as seen in Fig.
5(b).

Fig. 6 shows the structure, current-voltage performance, of
our device. It shows a typical forward /-V characteristic of
an Ag and MnOx junction measured at 300 K. This I-V
characteristic shows the typical shottky barrier behavior and
confirms the explanation of the darker spots of Ag
nanoparticles in Fig. 5 (b). The resistance of the Schottky
barrier in the field emission regime is quite low as shown
from the step increase in current at about 0.06V. in the It was
measured by CP-AFM bias voltage with a step of 0.06V. The
turn-on voltage for the sample, therefore, is around 0.69V
from CP-AFM measurement. This Schottky behavior have a
much faster response under forward bias conditions. This
may be attributed to the highly conducting behavior of the
MnOx thin films and thus gives a low series resistance of the
junction.
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Fig. 6. The I-V characteristics of the thin films measured by CP-FAM. The
scan of the [-V measurement was repeated twice. The number shown in
figure indicates the first time and second time scanning.

IV. CONCLUSION

Manganese oxides/silver nanocomposite thin films were
prepared by electrodeposited on ITO substrate. Silver
particles of about 100nm spreaded on the surface of the
MnO; thin film, whereas the Ag,O nanoparticles precipitated
in the thin films. The thickness of the MnOx thin film is
about 25nm. Schottky barrier was obtained from the
variation of electrical conducting behavior between the silver
nanoparticles and MnO, martix. The turn-on voltage for
forward bias was obtained around 0.69V.
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