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Mesoporous materials, which have high specific
surface areas and well-ordered porous-nanostriscture
with a diameter of few nanometers, have interest fo
nano-structured materials as nano-sized reactors fo
various chemical reactions. Mesoporous materidls o
oxide ceramics have been studied by many reseatcher
where lyotropic liquid crystalline medium are usas a
template for the synthesis of those materials Récently,
there have been several reports on mesoporouslimetal
materials [2]. These materials have interest fecteodes
with specific surface area for electrochemical tieas,
and are expected to be applied to the microeleetrdor
catalysts, fuel cells, and secondary batteries.wever,
there are no reports on mesoporous metals with high
regularity such as those reported for mesoporotaes,
and a method to form mesoporous metal materials wit
highly ordered porous structure is required.

In this study, the formation of highly ordered
mesoporous metal was investigated by using elessol
deposition. The synthesis of such nickel particless
performed by using lyotropic liquid crystalline niads a
template.

The plating bath contained nonionic surfactantiddi
reducing agent and water. Firstly, Brij 56 and Na@th
appropriate concentrations were dissolved into ryated
aged to form lyotropic liquid crystalline media.eX, the
electroless deposition bath was constructed byWliss)

a reducing agent into the liquid crystalline medidere,
electroless deposition of Ni particles progressed
automatically within the bath. After depositiorhet
particles were rinsed with ethanol to remove the
surfactant. The surface morphology of the depdsite
particles was observed by FE-SEM, and the struatfire
the particles was determined by low angle X-ray
diffraction and N adsorption isotherm.

First, the deposition behavior using sodium
borohydride, SBH or dimethylamineborane, DMAB, as a
reducing agent was investigated. Figure 1 showes th
SEM images of the Ni particles from SBH bath (a)l an
DMAB bath (b). From the SBH bath, Ni particles hwit
diameter of less than 100 nm were observed. Onottier
hand, from the DMAB bath, Ni particles with diametd#
300-800 nm were observed. It was suggested tlimt th
difference was due to the difference in the nuaieat
behavior of Ni between the two reducing agents.e Th
main effect of the oxidization reaction of DMAB wtw
grain growth at Ni nuclei because here, the eléetm
deposition reaction occurred autocatalytically. the
SBH bath, the oxidization was an autolytic reacsamce
the pH was low enough for the SBH reaction. Thaeef

the main reaction was the nucleation of Ni. Fig@re
shows the XRD profiles of the Ni particles from tBBH
bath (a) and the DMAB bath (b). No peaks at the lo
angle were observed for the Ni particles from tiBHS
bath. On the other hand, a peak at 1.5 degréke {(2at
corresponding to d = 7 nm, was observed for thégbes
from the DMAB bath. From the analysis of &ldsorption
isotherm, the formation of mesopores was observed.
Oxidization reaction of DMAB was very slow compared
with that of SBH, and the electroless depositicaction
may have occurred so that the surfactants wereperhp
in the Ni metal matrix. From these results, thecessful
formation of mesoporous Ni particles was confirmed.

Next, the combination of SBH and DMAB was
investigated. The aim of this investigation wasadatrol
both the Ni nucleation and grain growth during the
electroless deposition. From the bath containiwg t
kinds of the reducing agents, Ni particles withnaéder of
300-600 nm were observed by SEM observation. From
Fig.2(c), a very clear peak at 1.5 degree was gbden
the XRD pattern of the particles. The, l[ddsorption
isotherm showed the mesoporosity. From these tsgsul
the successful formation of mesoporous Ni partigldh
highly ordered porous-nanostructure was confirmed.
can be concluded that the selection of reducingntaige
very important to form mesoporous Ni particles by
electroless deposition.
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Fig. 1 SEM images of electroless-deposited Ni pledi
from SBH bath (a) and DMAB bath (b).
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Fig. 2 XRD profiles of electroless-deposited Ni tides
from SBH bath (a), DMAB bath (b), SBH and DMAB

bath (c).
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