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A novel micrometer-scale spherical structure composed of
nanoflakes, named micropompon, has been achieved in the
La;(MoOy); system through a simple surfactant-free hydro-
thermal approach. Possible formation mechanisms for the nano-
flakes and micropompons have been preliminarily discussed.

In the recent years, nanostructured materials have attracted
great attention owing to their novel properties and potential
usages in many fields, such as electronics, optoelectronics, and
nanosensors.! The synthesis of nanostructured materials and
guiding these nanometer-scaled building blocks to ordered com-
plex functional architectures would offer great opportunities to
explore their novel properties and lead to the construction of or-
dered and complex one-dimensional (1D) nanostructures,” such
as multiarmed,’ selfsustained,* and penniform® nanostructures.
However, the complex architectures, which can be self-assem-
bled with two-dimensional (2D) nanoflakes, and their large-scale
manufacturing at low cost in particular, remain crucial challeng-
es to unfold the very promising future of nanotechnology. In
addition, various types of surfactants have been widely used in
the synthesis of complex-structured materials thanks to their
efficient self-assembly properties.® But the use of surfactants in-
troduces heterogeneous impurities and increases the production
cost, which may restrict the wide development of researches and
applications.” Therefore, the development of methods for the
synthesis of the novel microarchitectures composed of two-di-
mensional (2D) nanoflakes through a low cost and easy approach
is a major challenge in the field of nanoscale science.

Metal molybdates and tungstates are two families of inor-
ganic materials that have a high application potential in various
fields, such as in photoluminescence, optical fibers, and scintil-
lator materials.® Previous work has been focused on the synthesis
of the nanorods and nanoparticles.’ But to the best of our knowl-
edge, micrometer-scale architectures composed of nanoflakes
have not been achieved. Here we demonstrate a surfactant-
free hydrothermal crystallization procedure to the large-scale
synthesis of lanthanum molybdate micropompons.

In a typical procedure, 1.30 g of La(NO3)3-6H,0 and 0.79 g
of (NH4)6M070,4+4H,0 were dissolved in 25 mL of deionized
water, respectively. The solution of La(NOj3)3+6H,0O was slowly
added to the (NH4)sM070,4+4H,0O solution under strong mag-
netic stirring. The amorphous white precipitate was achieved.
The pH value was adjusted to 8 using concentrated NaOH solu-
tion. The resulting precursor suspension was transferred into a
Teflon-lined stainless steel autoclave, which was subsequently
sealed and maintained at 180 °C for 12h, then cooled to room
temperature. The product was filtered, washed for several times
with deionized water and absolute ethanol, and then dried in
vacuum at 60 °C for 6h.

The crystal structure and phase purity of the samples achiev-
ed by hydrothermal treatment at 180 °C can be identified from
the powder XRD (Model D/MAX-C, Rigku, Tokyo, Japan)
pattern, as showed in Figure 1. All the peaks can be perfectly in-
dexed as the monoclinic Lay(M0OQ4)s [space group: C2/c] which
are consistent with the literature values (JCPDS No. 70-1382),
indicating that the samples achieved by our current synthetic
methods are pure monoclinic Lay;(MoQ4); phase. The calculated
cell parameters based on XRD data are a = 16.6249 A, b=
11.8119A, ¢ = 153681 A, B = 105.1017°, which are slightly
smaller than bulk material (JCPDS No. 70-1382). It may be
caused by the size effect of the nanomaterials.

The morphology and the microstructure of the products
were further investigated with a field emission scanning electron
microscope (FE-SEM, JSM-6700F, JEOL, Japan), transmission
electron microscope (TEM, JEOL JEM-2010, operated at an ac-
celerating voltage of 200kV), and selected area electron diffrac-
tion (SAED). Representative SEM image (Figure 2a) shows that
the products obtained at pH = 8, 180 °C for 12 h are composed
of micropompons of 3—4 um in diameter, which was consistent
with Figure 2b. TEM images (Figure 2c) from the same sample
after prolonged ultrasonic dispersion show that the micropom-
pon is composed of striplike nanoflakes, and these nanoflakes
are 20200 nm in width and 30—40 nm in thickness, as can be
judged from Figures 2a and 2c. Figure 2d shows the nanoflake
and its corresponding SAED pattern at the top right corner which
reveals that the nanoflake diffraction spots characteristic of a
monoclinic Lay(MoQy)s, in accordance with the XRD result.
Moreover, the SAED patterns taken from the different nano-
flakes were found to be identical within experimental accuracy,
indicating that all La;(M0Q4)3 nanoflakes are single crystalline.

To date, there are mainly two proposed formation mecha-
nisms involved in the hydrothermal /solvothermal crystallization
process: the self-aggregation or the oriented attachment mecha-
nism!? for the polymers/surfactants/chelating ligands-existing
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Figure 1. X-ray diffraction pattern for La,(MoQOy4)s; samples
obtained at pH = 8, 180°C for 12 h.
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Figure 2. (a) and (b) SEM images of La;(MoO,); micropom-
pon; (c) TEM images of Lay(MoQ4)s nanoflakes; (d) A single
La;(MoOy); nanoflake. Right inset: selected area electron-dif-
fraction (SAED) pattern obtained from the nanoflake. Scale
bar: (a) 100nm; (b) 1 um; (c) 20nm; (d) 50 nm.

system and the Ostwald ripening process'! in which the spherical
diffusion model was proposed to expound the anisotropic lateral
crystal growth.!? Because of the absence of the surfactant in the
present study, the formation mechanism for the La;(MoOy);
nanoflakes can be simply depicted as an Ostwald ripening proc-
ess: tiny crystalline nuclei of Lay(MoOy,); in a supersaturated
medium formed in advance which was followed by the crystal
growth at the cost of the amorphous precipitates and/or the small
crystals. Because the growth rate of different facets are different,
Lay(MoQOy)3 nanoflakes are formed.

Compared with the formation mechanism for the nano-
flakes, the formation mechanism for the micropompons seems
difficult to depict. Liu et al.!* have synthesized CuO “dande-
lions” using surfactant-free hydrothermal method and believed
that the geometrical shape of building blocks played a key role.
However, the synthesized nanoflakes are not uniform in size, and
the nanoflakes on the micropompon are irregularly oriented, so
the shape of the nanoflakes does not play an important role in
the micropompon formation. In the hydrothermal crystallization
procedure, the pH value is a very important factor that influences
the phase structure, the crystallinity and the growth rate of
different crystal faces of the product.”®!* We suppose that with
the proper OH™ concentration, the following reaction exists:

La** + nOH™ = La(OH),>". (1)

Some of the La** exists in the form of the La(OH),*~" complex
ion, so the concentration of La®* reduces, which leads to the re-
duction of the La;(MoOQ,); nuclei number at the beginning peri-
od. Then the nanoflakes tends to aggregate and grow together.
And because of the homogeneity of the solution, spherical
micropompons are yielded. The study of the detailed mechanism
is still in progress.

In summary, for the first time we synthesized La;(MoOy)3
micropompon which composes of nanoflakes through simple
and mild surfactant-free hydrothermal approach and the forma-
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tion mechanisms of the nanoflakes and the micropompon have
been preliminarily discussed.
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References

1 a)J. C.Johnson, H. J. Choi, K. P. Knutsen, R. D. Schaller, P. D.
Yang, and R. J. Saykally, Nat. Mater., 1, 106 (2002). b) D. S.
Wang, J. B. He, N. Rosenzweig, and Z. Rosenzweig, Nano Lett.,
4, 409 (2004). ¢) Y. Cui, Q. Q. Wei, H. K. Park, and C. M.
Lieber, Science, 293, 1289 (2001). d) H. M. Kim, T. W. Kang,
and K. S. Chung, Adv. Mater., 15, 567 (2003).

2 a)L. Vayssieres, N. Beermann, S. E. Lindquist, and A. Hagfeldt,
Chem. Mater., 13, 233 (2001). b) Z. Zhang, G. Ramanath, P. M.
Ajavan, D. Goldberg, and Y. Bando, Adv. Mater., 13, 197
(2001). c¢) A. Hatzor and P. S. Weiss, Science, 291, 1019
(2001). d) Z. L. Wang, R. P. Gao, J. L. Gole, and J. D. Stout,
Adv. Mater., 12, 1938 (2000). e) M. Li, H. Schnablegger,
and S. Mann, Nature, 402, 393 (1999). f) C. N. R. Rao, A.
Govindaraj, F. L. Deepak, N. A. Gunari, and M. Nath, Appl.
Phys. Lett., 78, 1853 (2001).

3 a) L. Manna, E. C. Scher, and A. P. Alivisatos, J. Am. Chem.
Soc., 122, 12700 (2000). b) Y. Jun, Y. Jung, and J. Cheon,
J. Am. Chem. Soc., 124, 615 (2002).

4 Q. Lu, F. Gao, and D. Zhao, Angew. Chem., Int. Ed., 41, 1932
(2002).

5 H.Shi, L. Qi,J. Ma, and H. Cheng, J. Am. Chem. Soc., 125, 3450
(2003).

6 a) H. Zhang, D. Yang, Y. Ji, X. Ma, J. Xu, and D. Que, J. Phys.
Chem. B, 108, 3955 (2004). b) D. Walsh and S. Mann, Nature,
377, 320 (1995).

7 C.Z.Wu, Y. Xie, D. Wang, J. Yang, and T. W. Li, J. Phys.
Chem. B, 107, 13583 (2003).

8 a)T. Qi, K. Takagi, and J. Fukazawa, Appl. Phys. Lett., 36, 278
(1980). b) P. Kozma, R. Bajgar, and P. Kozma, Radiat. Phys.
Chem., 65, 127 (2002). ¢) H. Wang, F. D. Medina, D. D. Liu,
Y. D. Zhou, and Q. N. Zhang, Phys. Rev. B, 45, 10356 (1992).
d) K. Tanaka, T. Miyajima, N. Shirai, Q. Zhang, and R. Nakata,
J. Appl. Phys., 77, 6581 (1995).

9 a)G.S.Yi,B.Q.Sun, F. Z. Yang, D. P. Chen, Y. X. Zhou, and
J. Cheng, Chem. Mater., 2002, 2910. b) Sh. H. Yu, B. Liu, M. S.
Mo, J. H. Huang, X. M. Liu, and Y. T. Qian, Adv. Funct. Mater.,
13, 639 (2003). c) X. J. Cui, S. H. Yu, L. L. Li, L. Biao, H. B. Li,
M. S. Mo, and X. M. Liu, Chem.—Eur. J., 10, 218 (2004).

10 a) R. L. Penn and J. F. Banfield, Science, 281, 969 (1998). b) C.
Pacholski, A. Kornowski, and H. Weller, Angew. Chem., Int.
Ed., 41, 1188 (2002). ¢c) X. W. Lou and H. C. Zeng, J. Am.
Chem. Soc., 125, 2697 (2003). d) B. Liu and H. C. Zeng,
J. Am. Chem. Soc., 125, 4430 (2003).

11 a) Z. Liu, S. Li, Y. Yang, S. Peng, Z. Hu, and Y. Qian, Adv.
Mater., 15, 1946 (2003).

12 a) T. Sugimoto, Photogr. Sci. Eng., 28, 137 (1984). b) T.
Sugimoto, J. Imaging Sci., 33, 203 (1989). c¢) P. H. Karpinski
and J. S. Wey, J. Imaging Sci., 32, 34 (1988).

13 B. Liu and H. C. Zeng, J. Am. Chem. Soc., 126, 8124 (2004).

14 a)S.J. Chen,J. H. Zhou, X. T. Chen, J. Li, L. H. Li, J. M. Hong,
Z.L.Xue, and X. Z. You, Chem. Phys. Lett., 375, 185 (2003). b)
H. S. Qian, S. H. Yu, J. Y. Gong, L. B. Luo, and L. L. Wen,
Cryst. Growth Des., published online. ¢) X. P. Gao, Z. F. Zheng,
H. Y. Zhu, G. L. Pan, J. L. Bao, F. Wu, and D. Y. Song, Chem.
Commun., 2004, 1428. d) Q. Sh. Li, C. H. Feng, Q. Z. Jiao,
L. Guo, C. M. Liu, and H. B. Xu, Phys. Status Solidi A, 201,
3055 (2004).

Published on the web (Advance View) June 4, 2005; DOI 10.1246/¢c1.2005.978



