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Abstract

We checked the catalytic activity of Ni nanoparticles prepared by pulsed-laser ablation. The transmission electron microscopy images
showed that Ni metal particles would have an inhomogeneous size distribution at%.8) om. The UV absorbance spectrum exhibited
metallic Ni characteristics. Ni nanoparticles appeared to exhibit the catalytic activity in the oxidative addition reaction without anynactivatio
for the preparation of 3-arylpropanenitrile from benzylchloride and bromoacetonitrile in glyme with a yieRD&6. We could not find this
catalytic effect for the larger sizes of submicrom 8, and 100 mesh Ni particles.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ditions, Rieke and coworkers reported that oxidative addition
could occur from the metallic nickel prepared by the reduc-
Since physical properties of metals can vary depending tion of nickel halide with lithium[11-19]
on dimensions, the ability to prepare nanosized particles will  Although chemical reduction of metal salts is one of the
open significant opportunities in chemistry and material sci- most frequently used methods for producing colloidal met-
ence[l]. The catalytic activity of Au/TiQ for the CO oxi- als, laser ablation of a metal plate in solution is found to be
dation reaction was found to depend on the size of Au clus- an alternative method to prepare metal colld@3]. One of
ters in diameter from 1 to 6 nif2]. Magnetic properties of ~ the mostimportant advantages of this approach is an absence
Ni nanowires prepared by electrodeposition were examined of organic or ionic species in solution and its simplicity in
using vibrating sample magnetometer measurenjghtBi- sample preparation. Noble and transition metal nanoparticles
functional AuNi nanorods were used for gene transfer since have been prepared by such a laser ablation mgg#igd?2].
the carboxylate end group could bind to the Ni segnjéht Halide-modified laser ablated Ag colloids were found to re-
Ni complexes have been widely employed as catalysts in aduce the cytochrome[23]. The absence of organic stabiliz-
variety of organic chemical reactiofs-10]. Although zero- ers in addition to the small sizes of laser ablated transition
valent Ni in the metallic state has not been known to usually metal particles are expected to show the enhanced catalytic
undergo oxidative addition of organic halides under mild con- effect in organic reactions. In this work, we report the cat-
alytic activity of laser ablated Ni nanopatrticles for a simple
* Corresponding author. Tel.: +82 2 8200434; fax: +82 2 8200434 oxidative addition reaction of benzylchloride with bromoace-
E-mail addresssjoo@ssu.ac.kr (S.-W. Joo). tonitrile for the preparation of 3-arylpropanenitrile.
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2. Experimental and methods
2.1. Preparation of Ni nanoparticles

The spherical nanopatrticles were produced by irradiation
of the Ni foil with or without adding~10-2M of sodium
dodecyl sulfate (SDS) as surfactants for stabilizing nanopar-
ticles. Aqueous metal nanoparticle solutions could be pro-
duced by laser ablation using a second harmonic of Nd-YAG
laser (Continuum Minilite I) at 532 nm with the delay time of A e
~200p.s. A 10 cm focal length lens was used to focus to irra-
diate the sample. Ni foil (99.99%) from Aldrich was initially ~ F9- 2. High-resolution transmission electron microscopy image of Ni
placed and irradiated at the bottom of a plastic vessel filled nanoparticles: (a) with or (b) without the addition 10™“M of SDS.
with 7 ml of triply distilled water. The sample was obtained 3 Results and discussion
after the laser irradiation at30 mJ for 3 h on the metal foil.

The laser power was checked by a power meter (Gentec TPM  Fig. 2 shows a high-resolution transmission electron mi-

300). croscopy (TEM) image taken for a selected Ni sample with
and without the addition of~10~2M SDS, respectively.
2.2. TEM and UV measurements Fig. 3a and b shows a size distribution of the Ni nanopar-

ticles produced by laser ablation. The mean diameters of Ni
TEM images were obtained by JEOL JEM 3000F. The nanoparticles were measured to be 5:3.8) nm. After the
TEM sample was prepared by evaporating a drop of the sam-addition of~10-2 M SDS, the size and its distribution were
ple solution on a copper mesh coated with carbon film. The found to be slightly smaller to be 5.2-:2.3) nm with an elim-
size distribution was obtained by measuring the diametersination of larger particles with the diameter larger than 15 nm
of at least 150 particles. UV—vis absorbance spectrum of theas shown irFig. 2b. Although more controlled experiments
Ni nanoparticle solution was taken using Shimadzu 3100 PC at different laser conditions and surfactant concentrations

spectrophotometer. should be performed, SDS appeared not to change greatly
the size and size distribution of Ni patrticles, differently from
2.3. Catalytic reaction the case of Pt particlg®1]. Dissimilar physical properties

of Ni would result in the deviating growth mechanism during

Benzylchloride, bromoacetonitrile, glyme, submicron, laser ablation.
3um, and 100 mesh Ni particles were purchased from  Several growth mechanisms can be suggested for the Ni
Aldrich. A mixture of benzylchloride (124 mg, 82.6d, nanoparticles. Since the irradiated spot of a metal plate sur-
0.982mmol) and bromoacetonitrile (118 mg, 107.27 face will locally reach a very high temperature instanta-
0.980 mmol) in glyme (0.5ml) was added to the dissolved neously after by laser ablation, a photo-annealing process
nickel nanoparticle solutionin glyme (0.5 ml) by syrir{gé]. would lead a growth of nanoparticles. It has been reported
This mixture was in reflux for 30 min. An additional heating that the plasma-confined bubbles should be instantaneously
was continued for 15 min, the mixture was cooled and poured generated at high temperature and pressure for the initial stage
into a separatory funnel containing 3% hydrochloric acid of nanoparticle formation by a laser impact on the metal
(10 ml), and was extracted with methylene chloride (15 ml). plate in the liquid phas¢4]. The nucleation and growth
The combined extracts were washed with water (20 ml), dried process of Ni nanoparticles in the liquid phase could be ex-
with anhydrous sodium sulfate, and concentrated. The resid-plained by the dynamic formation mechanif2i]. Contigu-
ual oil was purified by chromatography on silica gel eluting ously after the laser irradiation on a nickel metal plate im-
with methylene chloride. The product was checked by nu- mersed in the solution, the atoms in a plume formed over
clear magnetic resonance spectroscopy using Bruker Avancghe laser spot would conglomerate rapidly into small parti-
400 FT-NMR.'H NMR chemical shifi: 2H, 2.50 ppm; 2H, cles as the atoms interfuse mutually. Until the free atoms in
2.15ppm; 5H, 7.31-7.39 ppriig. 1 shows the scheme of the vicinity are completely used, a further nucleation should

organic reaction to check the catalytic activity. continue to make larger nickel particles in the solution. Such
CN
cl Ni catalyst
Br /\CN Glyme 85'C

Fig. 1. Scheme of oxidative addition to check the catalytic activity of Ni nanoparticles.
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Fig. 3. Size distribution of Ni nanoparticles: (a) with or (b) without adding
SDS.

nanoparticles would grow slowly by attracting free Ni atoms
and diffuse into the solution resulting in a colloidal disper-
sion. For Ni metal colloids prepared by laser ablation, the
shape of nanoparticles is nearly isotropic.

Our UV spectrum indicated metallic nickel characteristics
in the solution[25] as shown irFig. 4 UV-vis absorbance
spectra showed the feature~a205 nm due to the Ni parti-
cle solution. The weak and broad band-&50 nm for nickel
nanoparticles in the previous rep#6] was not conspicuous
in our UV spectrum. However, for the oxide of nickel parti-
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Fig. 4. UV-vis absorption spectrum of laser ablated Ni nanoparticles in
solution.
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cles, the electronic bands should shift to a longer wavelength
region[27]. Such oxide peaks were not clearly identified ei-
ther. Although an XPS stud®6] should be quite informative

to confirm the oxidation state of our Ni particles it was dif-
ficult to prepare enough Ni nanoparticle samples for an XPS
measurement. A further characterization of the sample by
a more efficient production of Ni nanoparticles by optimiz-
ing laser ablation condition is in progress to reach a precise
conclusion on the oxidation state.

Ni nanoparticles presumably with its zero valence state
should show the catalytic activity for the preparation of 3-
arylpropanenitrile from benzylchloride and bromoacetoni-
trile in glyme with a yield of~20% under the mild condition
without any activation. We could not find this catalytic ef-
fect for the commercial submicronu3n, and 100 mesh Ni
particles, however. Our laser ablated Ni particles with the
diameter of~5 nm are supposed to have higher catalytic ac-
tivity due to their smaller size and larger surface area. The
absence of organic stabilizers in addition to the small sizes of
laser ablated transition metal particles are expected to show
the enhanced catalytic effect in organic reactions.

It is admitted that we failed to increase the yield of the
catalytic reactions of Ni hanoparticles presumably due to a
facile oxide formation on the surface of Ni particles, however.
Only the laser ablated Ni particles without adding stabilizers
showed the catalytic activities. Although the presented ox-
idative addition reaction has been reported to occur for the
zero valence state, it is possible that the oxidation reaction
could occur on the nickel nanoparticle surfaces in the solution
phase. Such a low yield«20%) even for nanosized nickel
particles in the diameter of5nm suggests that the surface
of nickel particles could be oxidized at least partially. Infer-
ring from the previous repof26] for preparation of nickel
nanoparticles, it is likely that the nickel and nickel oxide
nanoparticle would coexist in the solution. A more detailed
study is in progress to better understand the catalytic stabili-
ties of Ni nanoparticles.

To check the catalytic activity reaction for the laser ab-
lated nickel particles, benzylchloride and bromoacetonitrile
are chosen for the present case mainly due to its simplicity
in the oxidative addition. In the previous repfi€], its yield
for 3-arylpropanenitrile was 57 and 21% with and without
refluxing in the glyme, respectively. These yields were not
greatly high for the other compounds used in the oxidative
addition reaction. We plan to check and compare the other
compounds in the future by optimizing each catalytic condi-
tion.

Colloidal nanoparticles in solution are assumed to be
promising candidates for catalytic reactions because of their
uniform dispersion and reusability. Recently, there have been
quite a few report$28,29] on the catalytic activities for the
supported metal nanoparticle catalysts. It will be interesting
to check the catalytic activity for supported nickel nanopar-
ticles on different substrates. Our future research should lie
in the development for facile and efficient catalysts based on
nanoparticles under various fabrication conditions.
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