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ABSTRACT

In this work we employed solid state method for doping and co-doping of Gd,Os;and
Mn,O3 on niobium pentoxide(Nb,Os).The aim of the study was to verify the impact of
the type of metal oxide on the optical properties of niobium pentoxide. X-ray diffraction
(XRD) pattern showed orthorhombic structure for all compounds.Solid UV analysisof
Gd;0zand Mn,O3; showed blue shift in the spectrum of niobium pentoxide.The
fluorescencespectroscopy showed demonstrated improvements in optical properties of
niobium pentoxide in presence of Gd*" in comparisonwith Mn**which may get back to
thefluorescence characteristic of Gd**. According to scanning electron microscope(SEM)
image, the niobium pentoxide crystal exhibit a rod-like shape between 100 and 600 nm
in size. Catalytic and electrical properties will be studied.

1. INTRODUCTION

A solid state reaction, also called a dry media reaction or a solventless reaction, is a
chemical reaction in which solvents are not used.There are many positives of solid state
reaction which has been flowing through most of the industries worldwide.It is important
to economics because the elimination of solvents means that products will cost
less(Park1991).

Nb,Os is white powder,which known to have various polymorphic form(Brayner2003-
Orel 1998).Due to its interesting optoelectronic properties, Nb,Os has wide range of
applications such as capacitor dielectric (Blanquart2012-Kyuho2005-Brazis 2001) and
as catalyst-supporting oxide material(Xingtao 2001-Martin 2003). The H-phase obtained
at temperature above 1000°C, T-phase and TT-phasewhich are stable in 800°C and
350-550°C(Rosario 2005-Gatehouse 1964- Kristallstruktur von 1975-Holser 1956).
Nb,Os exhibits a wide variety of properties depending on its crystalline modification. The
H-phase exhibits a high dielectric constant (~100), whereas there T-phase attract
interest because of its remarkable high electrochromical stability and excellent cycling
behavior(Bach 2006).

In the present study we applied the solid state method for method for doping and co-
doping of Gd203 and Mn203 on niobium pentoxide (Nb205)(Falcomer2007-

Y Professor
IGraduate Student

3415



Masloboeva2011).The aim of the study was to verify the impact of the type of metal
oxide on the optical properties of niobium pentoxide and we study structure of
syntheses compound.in this work we use XRD, SEM analyses to study morphology and
solid UV, fluorescence spectroscopyto study optical properties of prepared compound.

2. Experimental

All reagent were of analytical-grad and used without further purification. Powder Nb,Os
(Dae Jung, Korea), Gd,O3 (Merck, Germany) and MnCO3;.xH,0 (Merck, Germany) were
used in this experiment.

2.1. Preparation of Mn®** doped on Nb,Os

Powdered Nb,Os (0.25g, 0.94 mmol) and MnCO3.xH,O (0.0022g, 0.0033g or 0.0191,
0.0287 mmol) were added to 1ml Ethanol and stirred well for 30 min at room
temperature to form homogeneous compound. Then it was heated by furnace at 600°C
for 90 min to change MnCO3.xH,0 to Mn,O3 and at 780°C for 5 hr. to doping Mn** on
Nb2Os .

2.2. Preparation of Gd** doped on Nb,Os

Powdered Nb,Os (0.25g, 0.94 mmol) and Gd»03(0.0034g, 0.0051g or 0.0093, 0.0142
mmol) were added to 1ml Ethanol and stirred well for 30 min at room temperature to
form homogeneous compound. Then it was heated by furnace at 600°C for 90 min and
at 780°C for 5 h to doping Mn®*" on Nb,Os.

2.3. Preparation of Mn** and Gd**Co- doped on Nb,Os

Powdered Nb,Os (0.25g, 0.94 mmol), MnCO3.xH,0(0.0010g, 0.0016g or 0.0086,
0.0139 mmol) and Gd,03(0.0017g, 0.0025g or 0.0046, 0.0068 mmol) were added to 1ml
Ethanol and stirred well for 30 min at room temperature to form homogeneous
compound. Then it was heated by furnace at 600°C for 90 min to change MnCQ3.xH,O
to Mn,O3 and at 780°C for 5 h to Co-doping Mn** and Gd**on Nb,Os .

2.4.Apparatus

Phase identification was performed with an X-ray powder diffractometer (XRD
D5000 Siemens) with Cu-K radiation of 1.5406 A°. The morphology of the materials
was examined using a JEOL JSM6700F Scanning Electron Microscope. The samples
were coated with gold powder before SEM measurements. The
fluorescencemeasurements were carried out using aspectra florophotometer RF-590
Shimadzu after making sample pellet. The absorption spectra were recorded with solid
UV-Vis spectra photometer SINCO-S4100 (Korea).Cell parameters were calculated with
Cellref program from powder XRD patterns. The reflections observed in 26= 4-70°
were used for the lattice parameter determination.
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3. Results and discussion

Nb2..LnOs., (Ln: Mn**, Gd**and equal amount of Mn**-Gd**) were prepared by a solid
state method. The powder X-ray diffraction (P-XRD) patterns (see .e.g. Fig.1) indicate
that Ln**doped andco-doped powder have the same orthorhombic structure as Nb,Os.
All the peaks in Fig. 1 can be attributed to the orthorhombic phase of Nb,Os with
lattice parameters a=6.175 A°, b=29.175 A® and ¢=3.930 A° (JCPDS card File:30-
0873). The cell parameters of the synthesized materials were calculated from the XRD
patterns. With increasing dopant content (x)the a parameters for Mn®** and bfor Gd**
decreases, while the b and ¢ Parameters for Mn®* ,a and c for Gd**increases and all
parameter for co-doped increase (Fig. 2). The trend for lattice constants can be
correlated to the effective ionic radial of the Ln**ions, assuming that the radius of Gd** is
larger than that of Mn®*, which results ingreater amount of lattice parameters for Gd**
doped materials.Nb,Os is known to have various polymorphic forms. The H-phase
obtained at temperature above 1000°C, T-phase and TT-phase which are stable in
800°C and 350-550°C.Nb,Osexhibits a wide variety of properties depending on its
crystalline modification. According to temperature of used in this method we have T-
phase.
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Fig.1. Show XRD pattern of compound and proved doped and co-doped of them

A: pure Nb,Os, B: Mn** doped on Nb,Os, C: Gd*" doped on Nb,OsD: Mn*" and Gd**
equal amount co-doped on Nb,Os
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Scanning electron microscopic (SEM) images of Nb,Os nanorods are showed in Fig.3.
Rods of about 2um lengths andthicknesses of 200-800 nm are observed forNb,Os.

Doping and co-doping Mn**, Gd*" into structure of Nb,Os save the morphology of
nanorods. The thicknesses of rods in case of Nbyg7 Mng o3 O4.97 (Fig.4) and Nb1 g7 Gdo o3
O4.97(Fig.5) are 100-500 nm. The thicknesses of rods in case oNb+ g7 Mng 015 Gd.01504.97
(Fig.6)are 400-600 nm.Doping and co-doping decrease the thicknesses of nanorods in
comparison with Nb,Osand thicknesses of 100-600 nm are observed.As a result the
more dopant amount of Mn**or Gd**, the less thicknesses of nanorods. On the other
hand the more dopant amount of co-doped,the more thicknesses of nanorods.

Fig.4. SEM image of Nb g7 Mng 93 O4 g7nanorods
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The absorption spectra of all syntheses compounds in UV-Vis and near-IR region of
200-1000 nm are shown in Fig. 7. Absorption spectra reveal the existence ofNb,Os and
Mn®** ions in the near-IR domain. For Nb+.97Gdg .03 O4.07 transition of Gd**and for Nby g7
Mng 015 Gdo01504.97 transition of Mn3+ and Gd3+ ions are not observed because of
instrumental limitation. There is blue shift in doped and co-doped materials in
comparison to pure Nb,Os because of the bigger nanoparticles of Nb,Os in which band
gap is smaller than doped and co-doped nanomaterials.
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Fig. 7. AbSOFptiOI’l spectra of (a)Nb205, (b)Nb1_97 Mno_o15 Gdo_o1504,97
(C)Nb1.97Gd 03 O4.97,(d)Nb1.97 Mng 03 O4.97.

Fig. 8. and Fig. 9. exhibit the RT PL excitation and emission spectra of Mn**, Gd** and
Mn**-Gd®" spectra in Nb,Os. All the PL excitation Mn®**, Gd** and Mn*-Gd**spectra
were dominated by strong UV board band centered at 320 nm, respectively, which
correspond to the band gap absorption peak of Nb,Os. The limit emission wavelength is
in the range of 330-600 nm and the max wavelength is about 400 nm. As it showed in
Fig. 8. and Fig. 9. The intensity of spectra is changed according to the type of ions.

The fluorescence spectroscopy showed demonstrated improvements in optical

properties of niobium pentoxide in presence of Gd*" in comparison with Mn** which may
get back to the fluorescence characteristic of Gd*".
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Fig. 8. Excitation of fluorescent spectra for Fig. 7. Absorption spectra of (a)Nb,Os,

(b)Nb1.97Gdo.03 O4.97,(C)Nb1.97 MNg 015 Gdo.01504.97(d)Nb1 97 Mng 03 O4 97 at room
temperature.

.

Fig. 9. Emission of fluorescent spectra for Fig. 7. Absorption spectra of (a)Nb,Os,

(b)Nb197Gdg oz Oas97,(C)Nb1g7 Mngo1s Gdo0150497(d)Nb1g7 Mngoz Os97 at

room
temperature
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4. Conclusions

Nano material of Nby,Ln,Os. (Ln: Mn**, Gd** and equal amount of Mn>*-Gd>*) with
different concentrations of rare earth cations were ggepared by a solid state method.
XRD pattern proved that doping and co-doping of Ln™" into sites of the Nb>"and lead to
save morphology of nanorods but decrease in rods thicknesses.Solid UV analysis of
Gd,0O3 and Mn;O; showed blue shift in the spectrum of niobium pentoxide. The
fluorescence spectroscopy showed dgmonstrated improvements in optical properties of

niobium pentoxide in presence of Gq in comparison with Mn>* which may get back to
the fluorescence characteristic of Gd

+
+.
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