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Abstract

Gd(OH); nanobundles, which consisted of bundle-like nanorods, have been prepared through a simple and
facile hydrothermal method. The crystal, purity, morphology and structural features of Gd(OH)3 nano-
bundles are investigated by powder X-ray diffraction (XRD), scanning electron microscope (SEM),
transmission electron microscopy (TEM), selected area electron diffraction (SAED) and energy dispersive

X-ray (EDX). A possible formation mechanism of Gd(OH); nanobundles is briefly discussed.

Introduction

Since the discovery of carbon nanotubes in 1991
(Iijima, 1991), one-dimensional (1-D) structures
with nanoscale diameters such as nanowires,
nanorods, nanofibers, and nanotubes are currently
the focus of much attention because of their spe-
cial physical and chemical properties (Rao et al.,
1997). Rare earth compounds have been used in
high performance luminescent devices, magnets,
catalysis and other functional materials, because
of their outstanding optical, electronic and mag-
netic properties resulting from the 4f electrons
(Adachi & Imanaka, 1998). Along with chemical
composition and crystal structure, shape and
dimensionality are now regarded as particularly
important factors that influence physical and
chemical properties of materials, thus if rare earth
compounds were fabricated in the form of 1-D
nanostructure, they would have new unique
properties and a wide range of applications.

Many rare earth compounds with 1-D nano-
structure have been prepared, such asrare earth (Er,
Tm, Yb, Lu) oxide nanotubes prepared by using
dodecylsulfate as a template (Yada et al., 2002),
Tb(OH); and Y(OH); single crystalline nanotubes
(Fang et al., 2003a), lanthanide orthophosphate
nanowires (Fang et al., 2003b), B-La,S; nanorods
(Tang et al., 2002), Eu,O3 nanorods (Pol et al.,
2002), lanthanide hydroxide nanowires (Wang & Li,
2002), La(OH); nanorods (Deng et al., 2003), and
Gd(OH); nanorods (Du & Van Tendeloo, 2005).
Gadolinium hydroxide has been used as the cata-
lyzer and sorbent, and the precursor for the prepa-
ration of Gd,O; by thermal dehydration (Du & Van
Tendeloo, 2005). Recent studies on the preparation of
Mg(OH), nanorods have shown that the 1-D
nanostructure can be prepared by planar molecule
complex serving as a molecule template in control of
the Mg(OH), crystal growth (Li et al., 2000), which
lead us to believe that 1-D the rare earth nano-
structure might be prepared via planar molecule
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complex of rare earth oxalate (Hansson, 1970)
precursor. Rare earth hydroxides with bundle-like
are few reported, to the best of our knowledge, there
has been no report of Gd(OH); nanobundles,
through facial hydrothermal synthetic method so
far. Here we first report that Gd(OH); and
Sm(OH); nanobundles were prepared by a direct
conversion method of rare earth oxalate precipita-
tion, without the additional introduction of other
templates or surfactant and catalysts.

Gd(OH); and Sm(OH); nanobundles were
composed of many parallel nanorods, rather than
disordered aggregative nanorods. In this paper, we
first proposed mechanism of planar network
structure template to explain the formation of
novel nanobundles.

Experimental procedure

All chemicals used were analytic grade reagents
without further purification. A: preparation of
gadolinium oxalate hydrate: at first, Gd,O3; was
dissolved in 1:1 HNOj;, then the solution was
heated to remove the residue HNOj;, and cool
down to the room temperature. Then the solution
was diluted in distilled water and pH of solution
was adjusted to pH 2 using 1:1 HCI. Then aqueous
solution of 10% H»C,O, was added to above
solution, subsequently, the precipitate was sepa-
rated, washed with distilled water thoroughly and
dried at 80°C for 4 h in air. B: preparation of the
Gd(OH)s; nanobundles: as a typical procedure,
1.0 g gadolinium oxalate hydrate was dispersed
into 25 ml distilled water, then 15 ml 0.2 M NaOH
solution was added to the suspension solution. The
suspension solution was sealed into a teflon lined
autoclave and kept at 180°C for 8 h, then cool
down to room temperature. The precipitates were
filtered off and washed with distilled water. After
drying in air at 70°C for 2 h, white powder was
collected for characterization. Sm(OH); nanobun-
dles also were prepared by the same method.

The samples were characterized by power X-ray
diffraction (XRD) on Rigaku D/max-IIB X-ray
diffractometer, using CuK o radiation. XRD pat-
terns were recorded from 10 to 90° with a scanning
step of 0.02°. Transmission electron microscopy
(TEM) images and selected area electron diffraction
(SAED) patterns were taken with a JEOL JEM-
2010 transmission electron microscope, with an

accelerating voltage of 200 kV. The morphologies
of the sample were characterized by a PHILIPS
XL30 ESEM FEG scanning electron microscope
(ESEM), and energy dispersive X-ray (EDX) spec-
trum of the Gd(OH); nanobundles sample was
obtained also using the same instrument.

Result and discussion

Figure 1 shows powder XRD pattern of the as-
prepared Gd(OH); nanobundles. All of the reflec-
tions of the XRD patterns of the as-synthesized
Gd(OH); nanobundles can be easily indexed to a
pure hexagonal crystalline Gd(OH); with calcu-
lated lattice constants of a=6.336 A and
c=3.624 A (JCPDS 83-2037), indicating the for-
mation of single-phase Gd(OH)s. No impurity can
be detected in the XRD analysis.

The typical ESEM morphologies of the as-syn-
thesized product shown in Figure 2 reveal that
Gd(OH); products exist in the form of nanobun-
dles, and each nanobundle were composed of 4-8
parallel nanorods with diameters of 30-60 nm,
and lengths of 0.5-2 pm. It can be seen that these
nanoboundles are very dispersive, and size distri-
bution is also very uniform, which is consistent
with the TEM observation. The morphology and
structure of the products were further examined
with TEM (Figure 3a), all the samples dispersed
on the copper grids coated with a lager of amor-
phous carbon show nanobundles morphologies
with uniform diameters 40-50 nm, and length up
to about 1 um, which is good agreement with the
result of above ESEM image. Images of these
nanobundles (Figure 3a) reveal bundle-like nano-
rods. It is also interesting to find that these
nanorods tend to assemble to form parallel bun-
dles. Figure 3b is the corresponding SAED pat-
tern, taken on the single GdA(OH); nanobundles. It
looks from the SAED pattern that the pattern was
consisted of two sets of SAED patterns which
could be obtained when the electron beam was
focused on several individual nanorods with dif-
ferent axis zones, it was that because the Gd(OH);
crystal was bundle-like morphology, it was difficult
of electron beam was focused on single nanorod.
Therefore, the nanorod itself is a single crystal,
while the nanobundle is polycrystalline.

Energy-dispersive X-ray spectroscopy (EDX)
analysis (Figure 4) shows the sample contains Gd
and O; no Na is detected, indicating the final
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Figure 1. XRD patterns of the obtained Gd(OH)3 nanobundles.

product is free of elemental Na and have a high
purity. (The peaks corresponding to the Si atom and
Au atom respectively come from the silicon sub-
strate and spraying gold.)

In our synthetic experiments, the planar net-
work structure of the complex 1 (Hansson, 1970)
played an important role in controlling nucleation
and growth of Gd(OH); nanobundles. Oxalate ion
might act as a bidentate ligand to form the stable
Gd’* complex 1, which might be arranged in a
similar way to the structure shown in complex 2
(Li et al., 2000). In complex 2, OH attacked the
planar complex, which caused Mg(OH), nanorods
structure was formed.

(D

The crystal structure of gadolinium oxalate

2)

Mg?'-ethylenediamine complexes

Similarly, in the complex 1, each Gd atoms were
coordinated by three C,O4*” ions forming a planar
network structure. There were three coordinated
H,O molecules in both sides of the molecular
plane. When H,O and C,04> ~ were replaced by
OH, because of spatial steric effect, OH attacked
the complex only from the direction of perpen-
dicular to the plane, it is easy to form rod-like
structure, which was helpful to control one-
dimensional nanomaterials growth, and between
Gd atom and Gd atom were coordinated by
C,04” to form network structure causing
Gd(OH); nanorods structure to constructed into
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(a)

Figure 3. (a) TEM images of the Gd(OH); nanobundles, and (b) SAED patterns of Gd(OH); nanobundles.

nanobundles structure. In the complex 2, Mg>"-
ethylenediamine complexes also was planar struc-
ture, but it was not planar network structure, the
Mg(OH), product was rod-like structure rather
than bundle-like structure.

To improve our comprehensive of the nano-
bundles formation mechanism in the conversion
synthesis, we synthesized Gd(OH); by replacing
gadolinium oxalate by Gd(NOs); and GdPO,,
which were not planar network structure. The
results showed that the Gd(OH); product grew into

the agglomerates rather than nanobundles. The
above results implied that planar network structure
of oxalate precursor might be favorable for form-
ing a bundle-like morphology. The results was
further validated by another oxalate. We also
synthesized Sm(OH); by Gd,(C,04); was substi-
tuted for Sm,(C,04);. XRD showed that the
obtained samples were pure hexagonal Sm(OH);
phase, and ESEM showed that the obtained sam-
ples were bundle-like Sm(OH); (Figure 5). The
mechanism of the formation is complex and needs
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Figure 4. EDX image of Gd(OH); nanobundles.

Figure 5. ESEM images of the Sm(OH); nanobundles.
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further investigation. Preparation and character-
ization of other rare earth hydroxide nanobundles
are undergoing.

Conclusion

In summary, we have developed a simple and
novel route to prepare Gd(OH); and Sm(OH);
nanobundles by hydrothermal method. The
nanobundles were prepared because of the planar
network structure of gadolinium oxalate, which
was first brought forward by us. This simple
approach may provide a novel route for large-scale
synthesis of this nanostructured material in a
controlled manner for many important applica-
tions in nanotechnology.

References

Adachi G. & N. Imanaka, 1998. The binary rare earth oxides.
Chem. Rev. 98, 1479-1514.



760

Deng Y., J.B. Wu, J. Liu, G.D. Wei & C.W. Nan, 2003.
Hydrothermal growth and characterization of La(OH);
nanorods and nanocables with Ni(OH), coating. J. Phys.
Chem. Solids 64, 607-610.

Du G.H. & G. Van Tendeloo, 2005. Preparation and structure
analysis of Gd(OH); nanorods. Nanotechnology 16, 595-
597.

Fang Y.P., AW. Xu, L.P. You, R.Q. Song, J.C. Yu, H.X.
Zhang, Q. Liu & H.Q. Liu, 2003a. Hydrothermal synthesis of
rare earth (Tb, Y) hydroxide and oxide nanotubes. Adv.
Funct. Mater. 13, 955-960.

Fang Y.P., A W. Xu, R.Q. Song, H.X. Zhang, L.P. You, J.C.
Yu & H.Q. Liu, 2003b. Systematic synthesis and character-
ization of single-crystal lanthanide orthophosphate nano-
wires. J. Am. Chem. Soc. 125, 16025-16034.

Hansson E., 1970. Structure studies on the rare earth carboxy-
lates. Acta. Chem. Scand. 24, 2969-2982.

Tijima S., 1991. Helical microtubules of graphitic carbon.
Nature 354, 56-58.

Li Y.D., M. Sui, Y. Ding, G.H. Zhang, J. Zhuang & C. Wang,
2000. Preparation of Mg(OH), nanorods. Adv. Mater. 12,
818-821.

Pol V.G., O. Palchik, A. Gedanken & I. Felner, 2002. Synthesis
of europium oxide nanorods by ultrasound irradiation.
J. Phys. Chem. B 106, 9737-9743.

Rao A.M., E. Richter & S. Bandow, 1997. Diameter-selective
Raman scattering from vibrational modes in carbon nanotu-
bes. Science 275, 187-191.

Tang K.B., C.H. An, P.B. Xie, G.Z. Shen & Y.T. Qian, 2002.
Low-temperature synthesis and characterization of B-La,S;3
nanorods. J. Cryst. Growth 245, 304-308.

Wang X. & Y.D. Li, 2002. Synthesis and characterization of
lanthanide hydroxide single-crystal nanowires. Angew.
Chem. Int. Ed. 41, 4790-4793.

Yada M., M. Mihara, S. Mouri, M. Kuroki & T. Kijima, 2002.
Rare earth (Er, Tm, Yb, Lu) oxide nanotubes templated by
dodecylsulfate assemblies. Adv. Mater. 14, 309-313.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


