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Synthesis of MNbQ; Nanoparticles (M = Li, Na, K)
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The alkali niobates MNb®(M = Li, Na, K) were synthesized using a matrix-mediated synthesis
strategy. Integration of the metal ions inside (a) a starA (p-sucrose/polyvinylalkohol) matrix, (b)
activated carbon, and (c) mesoporous cross-linked polystyrene is used for the space-confined formation
and crystallization of the compounds. Calcination of the amorphous precursors causes crystallization of
the niobates and disintegration of the matrix. The resulting nanopowders were investigated using wide-
angle X-ray diffraction (WAXS), and pure phases were detected using the different matrixes. Scanning
electron microscopy (SEM) reveals the uniform size and morphology of the particles. According to nitrogen
physisorption isotherms of the powders, specific surface areas up to 288'man be obtained. The
applicability of the three different methods is discussed.

Introduction Hydrothermal method¥;!* a glycothermal techniqué,
) ) , ] synthesis from metal alkoxidé!* sol-gel processe®;®
The synthesis of inorganic nanoparticles has attracted o the yse of polymeric precursors (the Pechini metfiod)
considerable attention in recent years. Materials with reducedy, o\ e peen described. A sol-gel method based on bimetallic

domain size are of interest in ceramics for structural o oxide precursors was developed to produce Libdb&ow
applications, and new insights into material properties in 14\ in diametet® Furthermore, a solvothermal method

the nanodimension are of fundamental intefésthus, size 55 found to produce nanoscale perowskite structures as a
effects of materials with characteristic functional behavior general soft-chemistry routé.

such as magnetit electric® or optical properties are _ .
g P prop Recently, routes for the synthesis of complex oxides were

addressed. Here, we report the application of three matrix- tod. N | id btained by th vsis of
mediated synthesis strategies for the preparation of the alkalif €POrted. Nanoscaie oxides were obtained by Inermolysis o

niobates LINb@, NaNbQ, and KNbQ. They are of interest mqrganic—_organic precursors, and the particle size is
due to their ferroelectric and piezoelectric propertiés. adjusted with the use of different precursor types. The sugar

. o PVA matrix method and the activated carbon roétdave
Several meth(_)ds for_ the preparation of glkah nlobate_s are ot yet been reported for alkali niobates. Here, both methods
known, but mainly with thg focu§ on highly crystalline were applied to MNb@ (M = Li, Na, K) compounds for
products, whereas the particle size is seldom addressedthe first time. For the sugafPVA matrix method, alkali
nitrates and a water-soluble niobium complex were mixed
with p-sucrose and poly(vinyl alcohol) (PVA) (Scheme 1,
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Scheme 1. lllustration of the Synthesis Methods Used for the Preparation of Nanoscale Niobates

a)  Sugar-PVA Matrix

aH

MNO, (M=Li,Na,K) "~ ¥
+

(NH,NbO(C,0,), [-CHCHOH-],

b) Porous Matrix: Activated Carbon

g

MNO, (M=Li,Na,K)

(NH)NDO(C,0,),

®A

oH
0 OH
i )
)
HO Foam
@

A

Nanoparticles

&%

Burn

Template
Removal
— MNe

c¢) Porous Matrix: Mesoporous Polystyrene

MNO, (M=Li,Na,K)

(NH)NDO(C,0,),

4

®A

obtained. Additionally, for a new method to generate
nanoparticles, a porous cross-linked polystyrene was usedecorded in transmissi_on_geometry using a STOE Stadi-P diffrac-
as a matrix to generate a precursor for subsequent alkalitometer and Cu K, radiation (wavelength, = 0.15405 nm). The

niobate nanoparticle synthesis (Scheme 1, c).

Experimental Section

The inorganic salts LiNg) NaNGQ;, and KNG, were purchased
from Gruessing (purity>99%). Polyvinylalkohol (purity>98%,
Merck, M, =120000 g/mol), ammonium niobate oxalate (()H
NbO(GO,)2xH,0 ANO, 99.99%, Aldrich), ethanolX96%, Fluka),
andp-sucrose ¢ 98%, Fluka) were used without further purification.
The activated carbon “Norit A” (NORIT Germany Gmblig; =
895 n? g1) was dried under vacuum f@ h at 130°C. The
mesoporous cross-linked polystyrene (Purolite MN200MR/4627,
S, = 800 n? g1) was dried under vacuum at room temperature
overnight.

Sugar—PVA Method. The alkali nitrates were mixed with
ammonium niobate oxalate in a 1:1 molar ratio. After dissolution
of 1 g of themixture in 20 mL of bidistilled water, a mixture of
PVA andp-sucrose in a mass ratio of 1:10 was added. For LN1,
NN1, and KN1, 32 g of this mixture was used. After the mixture
was heated to 90C for 1 h, all solid material was dissolved. The

resulting solution was heated until the water amount was 20% of

the starting value. From this highly viscous mixture, the precursors
were produced by heating for 30 min at 220 in an oven. After
calcination at 530C, white powders were obtained (yield: 100%).

Activated Carbon Method. The alkali nitrates were mixed with
ammonium niobate oxalate in a 1:1 molar ratio. After dissolution
of 1 g of themixture in 5 mL of bidistilled water, 20 g of Norit A
was added. The resulting precursor was dried at®@6vernight.
Calcination of the dried product at 60C yielded in quantitative
amounts the white products.

Crystallization Using Mesoporous Cross-linked Polystyrene.
The alkali nitrates were mixed with ammonium niobate oxalate in
a 1:1 molar ratio. After dissolutionfd g of themixture in 0.5 mL
of a mixture of bidistilled water and ethanol (5:1), 0.5 g of the

ization “
L~

Template

Removal “:

Characterization. Powder X-ray diffraction patterns were

average crystallite size was calculated from the Scherrer equation
(STOE Size/Strain analy$3. TG measurements were performed
on a Netzsch STA409 system with a coupled mass spectrometer.
The morphologies of the products were observed on a Zeiss DMS
982 Gemini field emission scanning electron microscope (SEM).
The samples were sputtered with Pd and measured at 2 kV. Nitrogen
physisorption measurements were performed on a Quantachrome
Autosorb 1C. Prior to the measurements, the samples were
evacuated at 150C for 5 h. The specific surface areas were
calculated from the BrunaueEmmet-Teller (BET) equationR/

Po = 0.1-0.3).

Results and Discussion

The synthesis of complex nanocrystalline oxides is difficult
because the reaction temperature required for the formation
of the complex oxide and the crystallization is often above
600 °C, a treatment that, especially for high surface area
materials, causes rapid sintering and densification of the
particles, and thus small particles are only obtained in a
highly aggregated form not suitable for further processing
in solution. However, if the formation and crystallization is
carried out inside a matrix (exo-templatidg remaining
stable during the formation of oxidic compounds, agglomera-
tion can be avoided and ideally separated nanoparticles can
be obtained®2! The application of the matrixes (a) sugar
PVA and (b) activated carbon to alkali niobates could also
result in a narrow particle size distribution of the formed
nanocrystals, due to the confinement inside the porous
system. However, pores of the matrixes used in this work
are predominately in the range below 2 nm, whereas the

mesoporous cross-linked polystyrene was added. The resulting(20) Panda, A. B.; Tarafdar, A.; Sen, S.; Pathak, A.; Pramanik NPater.

precursor was dried at 12@ overnight. Calcination of the dried
product at 580°C yielded in quantitative amounts the white
products.

Sci. 2004 39, 3739.

(21) Schwickardi, M.; Johann, T.; Schmidt, W.; SdluF. Chem. Mater.
2002 14, 3913.

(22) STOE Size/Strain analysis (WinXPow) v.1.06, 1999.
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Table 1. Synthesis Conditions and Properties of the Alkali Niobates Synthesized

synthesis
temperature phase d° S° S

sample compound matrix (°C) purity? (nm) (m?/g) (m?/g)

LN1 LiNbO3 sucrose/PVA 530 + 36 36 71

LN2 LiNbO3 Norit A 600 0 54 24 10

LN3 LiNbO3 mesoporous polystyrene 580 + 34 38 31

NN1 NaNbQ sucrose/PVA 530 + 68 18 44

NN2 NaNbQ Norit A 600 0 20 61 42

NN3 NaNbQ mesoporous polystyrene 580 0 29 42 132

KN1 KNbO3 sucrose/PVA 530 + 31 42 188

KN2 KNbO3 Norit A 600 -

KN3 KNbO3 mesoporous polystyrene 580 -

a4, pure phase; 0, traces of impurities; other product? Crystallite diameter from Scherrer equatiéiCalculated fromS, = 6/pd. ¢ Specific BET
surface area after calcinations.

01

oxalate were infiltrated in the porous materials (Scheme 1,
b,c). Drying at 120°C gave another two precursors for the
synthesis of LN2 and LN3.

Thermogravimtric Analysis. The formation of the alkali
niobate phases without using a matrix-assisted method
typically occurs above 458C. With respect to the temper-
ature needed for complex oxide formation, a critical point
for the matrix-mediated particle synthesis is the combustion
of the matrix. TG measurements were used to determine
100 200 3607[°c1460 500 600 700 the weight loss associated with the matrix removal in
) o B ) order to achieve complete combustion without residual
ﬁ:gt’rgfels'i:?hgai?,\lftr]o@ms;ﬁhﬁghamn and decomposition of the different oy impurities in the samples. The three precursors

(LN1—LN3) were heated at a rate of*&/min from 20 to
particles synthesized in this work are somewhat larger, since800 °C (Figure 1).
the matrix is removed in the course of the heat treatment Both the sugarPVA matrix and the mesoporous poly-
(see below). To extend this matrix-mediated synthesis of styrene precursor disintegrate to form LiNp& about 490
nanoparticles at high temperatures, additionally, (c) a me- °C, whereas the activated carbon precursor (LN2) has a
soporous cross-linked polystyrerg & 800 nt/g) was used ~ somewhat higher thermal stability and is oxidized at about
to act as a matrix for the crystallization of the particles. These 540 °C. However, the decomposition of the sug&VA
three matrixes were used to form the three alkali niobates: matrix starts already at 25 due to the sugar decomposi-
LiNbOs, NaNbQ, and KNbQ, resulting in nine different  tion. The following synthesis conditions were chosen on the
precursors (Table 1). basis of the TG data. A slightly higher temperature than those

These resulting products vary in composition, crystallinity, observed for template removal in TG/DTA measurements
particle size, and specific surface area with respect to theensures quantitative yields. The temperatures used were 530

activated carbon precursor

20 el
mesoporous

polystyrene

-40 { precursor

sugar-PVA matrix

TG (mass loss in %)
3

-100

synthesis conditions. °C for the sugarPVA matrix, 580°C for the mesoporous
For example, to synthesize LINQGLN1—LN3) three polystyrene, and 600C for the activated carbon precursor.
different precursors were prepared. For LN-1, a starA X-ray Powder Diffraction. The resulting materials were

matrix embedding the EiNb source was formed. Equimolar  characterized using wide-angle X-ray diffraction (Figure 2)
amounts of LINQ and ammonium niobate oxalate (ANO) to analyze the purity of the phases and calculate the particle
were dissolved in water and afterwavesucrose and PVA  sizes using the Scherrer equation.

were added. Evaporation and drying at 2200f the highly In addition to the differences in the size of LiNpE&rystals
viscous solution give an amorphous fluffy precursor with a obtained using different matrixes (LNB, Figure 2a), the
metallic black color (Scheme 1, a). To generate the precursorsproducts NN+3 and KN1-3 were characterized (Figure
from activated carbon and the mesoporous cross-linked2b,c). For the LiNb@and NaNbQ all three precursors give
polystyrene, solutions of LiNQand ammonium niobate  predominately the desired phase. However, for the activated
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Figure 2. X-ray powder diffraction patterns of the niobate products resulting from the different synthesis strategies: (a3 KNDMaNbG; (c) KNbOs.
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Figure 3. Scanning electron micrographs of LiNpObtained from (a) the sugaPVA matrix (LN1), (b) activated carbon (LN2), and (c) the mesoporous

cross-linked polystyrene (LN3).

Figure 4. High-resolution electron micrograph of LiNB@LN1).

carbon precursor, an impurity aB2= 26.60 is detected,
indicating graphite traces within the sample (ICSD 26-1076).
LiNbO3 crystallizes in the rhombohedral space grdrfe.
NaNbG; is orthorhombic (space groupbmg. The particle

detected using high-resolution electron microscopy displaying
particles from the product LN1 (Figure 4). The particles show
some degree of connectivity in larger agglomerates. It is
noteworthy that the particles of this sample always show
rounded edges and no defined crystal faces.

BET Measurements.To determine the specific surface
area of the powders, nitrogen physisorption measurements
(3 point method) were carried out. The surface areas obtained
from this method vary between 10 and 18&gn(Table 1).

The relatively high surface areas obtained for NN3 and KN1
may be attributed to amorphous carbon traces within the
sample. For all the other samples, the surface area is more
or less in agreement with the particle size determined from
the Scherrer equation (Table 1).

Conclusion

Three matrix-mediated methods to produce nanoscopic
alkali niobates LiNb@, NaNbQ, and KNbQ were pre-
sented. TG measurements reveal different decomposition
temperatures, the lowest being observed for the stigsA
matrix. The latter is suited to form pure phases for all three
niobates, whereas for the porous carbon and the porous
polymer impurities are observed especially for KNbThe

sizes estimated from the Scherrer equation vary between 2¢crystallite size of the products determined using the Scherrer

and 68 nm. For KNbg only the sugarPVA matrix
mediated method is suited to produce a pure pro¢iitL).
By this method KNbQ@ in the orthorhombic space group
Cn2m is obtained.

Electron Microscopy. To characterize the size of the

equation is in a range of 268 nm and the specific surface
area is between 10 and 1882%m Scanning electron
micrographs of the samples confirm these results. Uniform
spherical particles are obtained by the sug@VA matrix
approach; this method seems quite promising also in the

nanoparticles, high-resolution SEM images were taken. In Synthesis of other complex nanoscale oxides such as,CaBi

Figure 3a-c the images for the three LiNkCproducts
(LN1-3) are shown.

Nb2Os.

For all methods one can see the granular shape of the Acknowledgment. The generous support of the Federal
particles, while the activated carbon precursor also producesMinistry of Education and Research (Young Scientist Nano-
platelike particles. The particle size estimated from the SEM t€chnology Initiative, BMBF: FK 03X5502) is gratefully
images is in the same range as those calculated using th&@cknowledged.

Scherrer equation. A high degree of crystallinity is also

CM0603670



