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There has been an extensive effort to construct one-
dimensional (1D) metal-nanoparticle (NP) arrays because
their exceptional magnetic, electronic, optical, and catalytic
properties are expected to be appropriate for nanoscale
devicest As compared with two- or three-dimensional NP
arrays, assembling 1D NP arrays is much more challenging
to achieve because of the isotropic structure and the °
nondirectional interaction of NPs, which makes NPs ag- Figure 1. SEM images of [Ag C=C—Ph]. (a) AS, (b, c) wire/EtOH

. . . . . . bundles, (d) wire/1-BuOH bundles.
gregate three-dimensionally in a solution or two-dimension-

ally on a surface. To circu'mvent the difficulty in constructing we expect thin wire-shaped crystals because of their highly
1D structure from isotropic NPs, most previous studies have anisotropic crystal structufewhereas the strong reducing

focused on assembling NPs on 1D templates such as DNA,,qyer of ethyny! anion allows us to convert the raw material
nanotubes, 1D structure of substrate, “efsithough the 15 the assembly of Ag NPs under mild conditions.
existing template techniques have brought a lot of impressive Furthermore, phenylacetylene molecules will polymerize and

results, it is still fascinating to develop new preparation form an organic matrix surrounding Ag NPs in the decom-

methods of 1D NP arrays because more facile production yition process, which seems to be suitable for keeping the
m?thths in large que:jntlty ar(i dteS|rabIe mfapT)Il(;ago_ns.t_ wire shape and protecting the Ag NPs from oxidation.
n this paper, we demonstrate a new facile fabrication o U
method for diameter-controlled 1D Ag NP arrays. To create [Ag—C=C Ph] and [MQP Ag—C=C Ph]_w_ere pre-
pared according to the literatuteThough it is well-

1D NP arrays, we employed the decomposition of nanowires : - :
consisting of metal cations and reducing ligands. Metal recognized that [AgC=C—Ph] cannot be recrystallized

cations in a nanowire are reduced by the ligands and form beca}use of _its poor solubility, we succeeded in it by.using
metal NPs during the decomposition process caused bythbeb“g"".nd dISSOCIatlondOf [I\:ij—Ag—C"=.CaPh]. Vgigr':l
heating or UV irradiation. This decomposition method has ? rewattla as—preE)Aa;% ag B r_ec;yslta 'Z? L vel ] .
the following two advantages: First, the decomposition rom a so vent as -~ and wire so.vent ’ respectwe_ Y, In
this article. The scanning electron microscope (SEM) images

method automatically gives 1D NP arrays without any £ AS and wire/solvent h in Fi 11 trast t
templates because of the wire shape of the starting material and wire/solvent are shown in Figure 1. In contrast to

This feature greatly simplifies the assembling process andthe rodlike CrySt"_"ls of AS, recrystallized samples are obtair_1ed
enables the large-scale production. Second, because each p ang Nanowires. AS generally known, the crystal size
of a nanowire is essentially homogeneous, it is hard to expect0 t-am(.ad by rec_rystalllzat!on largely depends on the recrys-
any part to be excessively or insufficiently accumulated in tallization conditions, which suggests that we can control

a 1D NP array. In this work, we use silver phenylacetylide th? natncl)v:/;re ddlte;]m%t_er b¥ ch]?{;]gmg the_ recrystallltzalllt]ond
(JAg—C=C—Ph)) as a raw material. By using the complex, solvent. Indeed, the diameter of the nanowires recrystallize
from one solvent clearly differs from that from other solvent.
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Figure 2. Histogram of diameter distributions for wire/solvent derived from
SEM images. NPs causes the red shift of surface plasmon resoraince.

addition, the high dielectric constant of the matrix is thought
diameter distributions of the nanowires recrystallized from g |ower the plasmon frequenéyThe matrix of the decom-
different solvents are summarized in Figure 2. The histogram posed nanowires mainly consists of?4nded carbons
clearly indicates the controllability of the nanowire diameter formed by the polymerization of phenylacetylene, whose
in the range of 36100 nm. Roughly speaking, a faster PMe  ;_system will show a high dielectric constant. The absorption
dissociation rate in a higher-polarity solvent leads to thinner peak is slightly red-shifted and weakened by longer UV
[Ag—C=C—Ph] nanowires, whereas a slow crystal growth jrradiation time. These variations are due to the increase in
in & lower-polarity solvent brings thicker nanowires. The the Ag particle size, which weakens the surface plasmon
lengths of wire/ROH are approximately in proportion to their  ahsorption and lowers the surface plasmon frequéidye
diameters with an aspect ratio of ca.-3D, whereas that  plasmon absorption of the 15 min UV-irradiated nanowires
of wire/CHCN is obviously longer (aspect rat100) and s as strong as that of 3 h, suggesting that most of the-{Ag
sometimes reaches 1@n. This difference probably origi-  c=c—ph] complex is decomposed into Ag NPs in tens of
nated from the coordination of acetonitrile molecules to silver yinytes.
atoms during the recrystallization process, but the detail The formation of Ag NPs is also evidenced by powder
remains unclear. In both cases, the nanowire lengths can bex_ray diffraction (XRD) patterns. Figure 3b shows the XRD
shortened by stirring, whereas the diameters show only smallpatterns of wire/EtOH before and aféh of UV irradiation.
changes. Because the penetration depth of X-ray is much longer than

The nanowires can be rapidly converted into Ag NP arrays that of UV light, the pattern after UV irradiation contains

embedded in polymerized phenylacetylene matrices by UV not only the diffraction peaks from the decomposed material
irradiation. Figure 3a shows the UV/vis spectrum of wire/ pyt also those from the raw material. Four new peakdat 2
EtOH before and after UV irradiation. The broad absorption =38 2 44.1, 64.6, and 77.4re found after UV irradiation,
peak at around 485 nm appears after 15 min irradiation. Thiswhich are assigned to the (111), (200), (220), and (311)
strong absorption is attributed to the surface plasmon planes of fcc-silver, respectively. The Ag particle size of ca.
resonance band of Ag NPs. The absorption maximum s nm s estimated from the peak widths and Scherrer
wavelength of 485 nm is somewhat longer than that of typical equation, but it should be noted that this value is probably
Ag NPs at around 400 nfThis red shift is most likely due
to the short distance between Ag NPs (see later in the text). (7) (a) Rast, L.; Stanishevsky, Appl. Phys. Lett2005 87, 223118. (b)
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(6) (a) Mohan, Y. M.; Premkumar, T.; Lee, K.; Geckeler, KM&acromol. Li, Q. J. Appl. Phys2005 97, 114303. (e) Sakata, J. K.; Dwoskin,
Rapid Commur006 27, 1346. (b) Eustis, S.; Krylova, G.; Eremenko, A. D.; Vigorita, J. L.; Spain, E. MJ. Phys. Chem. B005 109, 138.
A.; Sminova, N.; Schill, A. W.; EI-Sayed, M?hotochem. Photobiol. (8) Mie, G.Ann. Phys1908 25, 377.
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with the red shift of the surface plasmon resonance for longer
irradiation. Interparticle distances are approximately 1 nm
for 15 min and 3 nm for 3 h oirradiation, respectively.

The heating also brings the decomposition of silver
phenylacetylide. For example, the heat treatment of the
nanowires at 110C for 3 h gives 1D arrays of Ag NPs
with the diameter of 2.4t 0.7 nm, the value of which is
roughly the same as that of 15 min UV irradiated material.
In contrast to low-temperature decompositions, a higher heat-
treatment temperature such as 1%D is not suitable for
creating a 1D NP array. Because the degree of polymerization
of phenylacetylene is low in the pyrolized sample, the organic
part of the decomposed nanowire is melted and evaporated
at higher temperature, where Ag NPs are spread on a
substrate and no longer keep thin 1D structure. However,
this melting and evaporation process of the organic matrix
allow us to fix NPs on a substrate as follows; First, wire/
solvent deposited on a substrate is decomposed by UV
irradiation for 1 h. This process not only decomposes the
nanowires but also promotes the polymerization of phenyl-
acetylene. The nanowires are then heated at°Cs50nder
vacuum conditions, where most of the organic matrix is
removed by evaporation. During the evaporation process, a
small amount of highly polymerized phenylacetylene keeps
Ag NPs one-dimensional like as a net, resulting in 1D Ag
NP arrays fixed on a substrate as shown in Figure 4e.

In summary, we have developed the new method for
constructing 1D Ag NP arrays via decomposition of silver
Figure 4. (a—d) TEM images of UV-irradiated silver phenylacetylide — phenylacetylide nanowires. Using this method, we can easily
nanowires: (a) wire/EtOH, 15 min of irradiation; (b) wire/1-BuOH, 15 min  construct 1D Ag NP arrays in large scale without any
of irradiation; (c) wire/EtOH 3 h of irradiation; (d) wire/1-BuOH 3 h of .
irradiation. (e) SEM image of decomposed wire/EtOH. Ag NPs are fixed templates. The diameter of arrays can be controlled by
on a Si substrate by heating after UV irradiation (see text). changing the recrystallization solvent, whereas the particle

diameter is roughly controlled by UV irradiation time. The
affected by the limited penetration depth of UV light, Ag NPs can be fixed on a substrate by heating, where the
bringing smaller particles at the inner part of the sample 1D alignment of NPs is kept during the evaporation process
tablet. of the organic matrix.

The transmission electron microscope (TEM) images of
UV-irradiated nanowires are shown in Figure 4. Itis obvious  aAcknowledgment. This work is supported by Grants-in-Aid
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