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Nanolamellate structures of CaTiO5; were fabricated by using an at microwave frequencies because of the high dielectric
in situ hydrothermal synthesis method on titanium for the first time. constant, high dielectric loss, and large positive temperature
The number of nanolamellas and the morphology completely or coefficient of the resonant frequentyn addition, CaTiQ
mainly depend on the reaction time and NaOH concentrations, formed on titanium implants could increase osteoblast
adhesion on hydroxylapatite and so greatly improves implant

and the wettability of the resulting CaTiO3; surfaces can be
successively turned from superhydrophilic to superhydrophobic after
modification with a thin layer of hydrophobic silicone, mainly
depending on the surface morphology. The proposed formation
mechanism of the nanolamellate CaTiOj structures has also been

efficacy®

Up until now, CaTiQ was usually synthesized by a solid-
state reaction between Ti@nd CaC@ or CaO at a high
temperature or prepared by mechanochemical methods.
, Recently, Pontes and his co-workérprepared CaTi@
discussed. powders by the polymeric precursor method, and Manik and
Pradhaf? fabricated CaTi@by high-energy ball milling of
the equimolar mixture of CaO and anatase—(B)O.
powders. However, these methods all produce CaWwiith
special topographies with difficulty. Despite the extensive

Over the past few years, the investigation into nanostruc-
tured materials (1-D, 2-D, and 3-D) has become one of the

most concentrated research aréds.The synthesis of work reported, we are not aware of studies that fabricated a

hierarchical nanostructure materials with controllable sizes, . . :
. : . : nanolamellate structure of CaTj®erein, we report a simple
shapes, and dimensions, which possess substantially en- . . i
. . : approach to synthesize 3-D lamellate CaggDuctures via
hanced properties compared with bulk materials, has become ™.~ . S
. . S —._an in situ hydrothermal method on the titanium sub-
a dream of chemists and materials scientists. Complex oxides S - .
. . : .~ ““strate for the first time. The wettability of the CaTLi€urfaces

with a perovskite structure began to attract wide attention

because of their potential applications in a number of areasCan be successively tailored from superhydrophilic to super-

such as ferroelectricity, ferromagnetism, colossal magneto-hydrCJphObIC after modification with a thin layer of hydro-

resistance, semiconductors, luminance, and optoelectfofics phobic_silicone [poly(dimethylsiloxane) vinyl-terminated
Calcium titanium (CaTig) ,as a perO\’/skite material is a. (PDMSVT)]. These resulting materials can be very useful

o . L ) . In sensors, antifogging materials, medicine, and biomaterials.
promising material for communication equipment operating Parts a and b of Figure 1 show typical scanning electron
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Izb.ac.cn. and high magnification, respectively. It is clearly seen that
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Figure 3. (a) TEM image of one petal of the CaTiGanolamellate
structures. The inset shows the corresponding SAED pattern. (b) High-
magnification TEM image of the sample shown in part a marked by a circle.

T bt e o s oo e, o o S8 i the Supporting Information). A strong signal o the

magnification (b) images of the surface structures before heat treatment €lement calcium was detected in the lamellate structure area

and low- (c) and high-magnification (d) images of the same sample after and only a very weak signal of calcium in the porous titanium

heat treatment at 40TC for 2 h. substrate microstructure area, further indicating that the
lamellate structure is indeed CaTiO

Figure 3a shows transmission electron microscopy (TEM)
images of the petals scratched from the prepared lamellate
CaTiG; structures. Figure 3b is the amplificatory image of
the sample shown in Figure 3a marked by a red circle. Also,
the corresponding selected area electron diffraction (SAED)
pattern shown in the upper right inset of Figure 3a displays
the typical spot pattern of a well single-crystal structure of
the sample.

The present method is based on isotropic etching of
titanium by a base solution at high temperature and instant
growth of CaTiQ in the presence of Ca(OH)The size,

Figure 2. XRD pattern of the as-prepared surface on the titanium substrate. shape, and dimensionality of the as-prepared lamellate
CaTiG; are apparently impacted by the solution concentra-
width of about 10um, formed the 3-D lamellate CaTiO tjon, reaction time, temperature, etc. The reaction temperature
structure. It is also clearly seen that the petal is about-100 directly determined the formation of CaTiGtructures. It
200 nm in thickness from the field emission SEM (FESEM) s found that few CaTi@lamellate structures were generated
images shown in the Supporting Information Figure S3. To pelow 100°C or above 150C. Also, the effect of the NaOH
investigate the thermal stability of the as-prepared CaTiO ¢oncentration and reaction time on the morphologies of the
on the substrate, we also studied the SEM image of the as-as-prepared CaTi3tructures is discussed in the Supporting
prepared surface after being annealed at#D@r about 2 |nformation. The size and shape of the flowers can be
h, as shown in parts ¢ and d of Figure 1, respectively. It is controlled by adjusting the reaction time and concentrations
clear that the morphology is similar to that of the origin of the reactants.
sample prior to treatment, suggesting that the as-prepared The growth of lamellate CaTiQin the hydrothermal
surface of CaTi@has good thermal stability. It is also noted  ¢condition is achieved for the first time. Although the exact
that the as-prepared CaTi@id not fall from the titanium  growth mechanism is not very clear, we believe that NaOH
substrate, showing that the adhesion between the GaTiO pjays a very important role. The titanium substrate first reacts
nanolamellate structures and the substrate is very well, whichyith 2 NaOH solution to form NEiO3, and then the resultant
is very important for the potential applications of the as- Ng,TiO; reacted with the Ca(OHsupersaturation solution
prepared surfaces in various fields. to obtain an insoluble solid CaTiO To simplify the

The corresponding X-ray diffraction (XRD) pattern re- expression for chemical reactions, we can see-iat
corded from the as-prepared surface is shown in Figure 2.

Ten sharp diffraction peaks marked with Miller exponents Ti + 2NaOH+ H,0 — Na,TiO; + 2H, 1)
can be indexed to CaTigJJoint Committee on Powder ] )
Diffraction Standards (JCPDS) card no. 09-0365]. All of the N&,TiO; + Ca(OH), — CaTiO, + 2NaOH @)

peaks marked b® come from the titanium substrate. The
peaks marked b# are characteristic of N&iOz; (JCPDS

no. 37-0345), which is also formed on the surface. Energy-
dispersive X-ray analysis (EDS) was also performed on
different areas so as to further verify the composition of the (13) Liu, H.; Hu, C. G.. Wang, Z. LNano Lett.2006 6, 1535.
flowerlike structures and underneath substrates (see Figurg14) Peng, X. S.; Chen, A. QAdv. Funct. Mater.2006 16, 1355.

Investigations of the concentration- and time-dependent
shape-evolution processes (see Figures S2 and S3 in the
Supporting Information) indicated that first the Ca¥giO
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similar to our previous work?'® As we known, a drop of
water spreads extensively on the CaJi€urface with a
contact angle of less than 9,8 2Cindicating that the surface
of the CaTiQ lamellate structure is superhydrophilic (Figure
S7 in the Supporting Information). The reason is due to the
capillary effect. It is very interesting that the same sample
modified by PDMSVT shows superhydrophobicity with a
water contact angle of about 160t is currently unclear
why the as-prepared surface modified with PDMSVT shows
- 4 sh . er drolet (about 10 " . | superhydrophobic, compared to the surface of the CaTiO
e Snape of & wate drolet (Sbout 10.7) o e sutace onllamellate stucture and the pure ttanium plate with the same
a water contact angle of about 1601.6°. treatment (Figures S5 and S6 in the Supporting Information),
regardless of the surface free energy. However, it is very
particles are formed as seed and then they generate asuitabl@nportam for this functional surface applied in various
amount of CaTi@cluster nuclei for subsequent growth, and industrial fields, such as antifogging, self-cleansing, drag
each nanocluster has its own orientation. During the hydro- reduction, and anticorrosion.
thermal process, N&iO; and Ca(OH) react continuously In summary, new controllable nanolamellate CafiO
and form a large number of CaTithanoparticles. The  structures were successfully fabricated through an in situ
nanoparticles aggregate on the nanocluster and grow up tohydrothermal method on the titanium surface. This method
nanolamellate petals to assemble the CaTl@mellate  may be applied to synthesize other materials of special

structure. With a prolonging of the reaction time, the size of stryctures, including BaTi§)MgTiOs, SrTiOs, ZnTiOs, and
the lamellate structures increases, and the structures changgther systems.

their complexity accordingly (Figure S9 in the Supporting

Information). In the same way, titanium reacts with high-  Acknowledgment. The authors gratefully acknowledge
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Figure 4 presents the wetting properties of water droplets (17) %70,1%6% Zhou, F.; Hao, J. C.; Liu, W. . Am. Chem. So@005

on the CaTi@ sample after modification by PDMSVT (18) Guo, Z. G.. Fang, J.: Hao, J. C.. Liang, Y. M.. Liu, W. M.

ChemPhysCher006 7, 1674.
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