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One-dimensional (1-D) nanostructures, such as wires, rods, tubes,
and belts, have received increasing interest from various fields of
sciencé. In the past decade, remarkable advances have been made
in the synthesis and characterization of such materials, which are
expected to open the way for nanoelectronics, ultra small optical
devices, biosensors, etc. The challenge is how to build desired
architectures from long and rigid 1-D nanostructures. In the past,
isotropic nanoparticles were used as building blocks of superldttices
and 3-D microsphereésDNA templates, biotir-streptavidin inter-
action, Langmuir-Blodgett technique, etc. were employed to obtain
ordered arrays of short nanorad#t. was possible to manipulate
micrometer- and millimeter-sized objects by controlling their surface GOSN\ R,
and magnetic propertiédHowever, few researches have aimed at : 2 N |
assembling inorganic 1-D nanostructures at surface and in sofution. - O m : S /CAKN) m

Yang et al. reported that 1-D inorganic nanowires were obtainable Figure 1. TEM (a) and SEM (b-d) images of the nanostrand/dye
by exchanging lithium ions of LiMgSe; with cationic surfactants. composites. The composites were prepared at the concentrationgbf 10
The mesostructures of the nanowires were changed from hexagonafB (& b), 80uM EB (c), and 10uM DATS (d). The inset in (a) shows a
to lamellar ones by choosing the structure of surfactants. They higher magnification image of the nanostrand/EB composite.
reported that these nanowires tend to form bundles with a width of
10—200 nméb-cRecently, we found that extremely long nanostrands

of cadmium hydroxide were spontaneously formed in water just of Figure 1a. Distances between the nanostrands were 4.5 nm or
by increasing the pH of dilute cadmium nitrate solutiofihe more. Considering the diameter of the nanostrand (1.9 nm), the

nanostrand had a constant width of 1.9 nm and an astonishing minimum interval of 2.6 nm was consistent with the molecular size
number of positive charges on its surface. These properties wereys gg (27.4+ 1.1 Ain length)® It is clear that the dye molecules

applied to the effective separation of short DNA fragments from 56 inserted between the inorganic nanostrands. The elemental
the dilute aqueous solutiofisThe nanostrand strongly adsorbed composition was estimated to be 52.3 wt % for cadmium and 10.7
anionic dye molecules, too. In the present study, we employed the : o4, for carbon, separately, from ICP measurements and elemental
organic dyes asrholecular fastenefsfor the cadmium hydroxide  5n3yses. From these values, atomic ratio (Cd/C) and composite
nanostrands. Their bundle-like assemblies with unique-uig ratio (Cd/EB) were calculated to 0.52 and 17.8, respectively. The
absorption properties were systematically investigated for the |ater was close to the mixing ratio of EB in the nanostrand solution.
molecules listed in Scheme 1. The bundle-like assemblies were readily immobilized on porous
substrates by suction filtration. The film formed on a polycarbonate
membrane filter is shown in Figure 1b. A highly entangled network

parallel to each other. The width of the bundle-like assemblies was
in a range of 820 nm. The enlarged image is shown in the inset

Scheme 1. Structures of Sulfonated Dye Molecules

*Na'0;8 OH HO SOy Na*

’Na'OgsN:N N:N Zsoa-Na‘ {Snn=) structure of the er>§ibIe assemblies was obseryed in a Iarge.area.
ol oH, “ { ) P, When the assemblies were prepared at the high concentration of
3 Na* 05 Na* R ot . . . .
N Evans Blue (EB) s Na0S  parg SN EB (80uM), the significant narrowing of the width was observed
AHe NHe §0s Na’ HOH $0s Na’ (Figure 1c). The whole surface of the cadmium hydroxide nano-
” . N=N—</ >—N-C-N—< \>—N=N ] )
"'N OO N el - strand is probably coated with an excess number of dye molecules.
0N ongoRed (CR) * 507N et Yellow 50 (DYS0) " In fact, we found that a major part of the dye molecules remained
in the filtrate after suction filtration. Figure 1d shows the bundle-
An aqueous solution of Cd&(4.0 mM) was quickly mixed with like assemblies prepared by using DATS at the concentration of

an equal volume of aminoethanol (0.8 mM). In this condition, about 10 uM. The morphology of the nanostrand/DATS composite
10% of Cd&" ions were converted to cadmium hydroxide nano- appeared to be somewhat rigid as compared with that of EB. Other
strands within a few minutes. The pH of the solution was 8.2. Then, polysulfonated dyes, Congo Red (CR) and Direct Yellow 50

a given amount of Evans Blue (EB) solution (1.0 mM) was added (DY50), gave very similar morphology to the nanostrand/EB
under constant stirring. The blue precipitates immediately formed composite. We should stress here that these fibrous assemblies are
were centrifuged, washed with deionized water, and dried. Figure 10—100 times narrower than the polymer fibers prepared by an
la shows a TEM image of the nanostrand/EB composite preparedelectrospinning proceds.

at the dye concentration of 1M, about!/,, of cadmium ions in Figure 2a shows an enlarged TEM image of a nanostrand/DATS
the nanostrands formed. A few nanostrands started to assemblesssembly. The cadmium hydroxide nanostrands aligned in parallel
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It is apparent that strong—s* interaction exists among the dye
molecules. This must significantly contribute to the structural
stabilization of the bundle-like assemblies, as well as electrostatic
interaction between the nanostrands and the dye moletwgs.
have estimated that abolfz of cadmium atoms located at the
surface of nanostrand were positively charged at neutral pH, as
shown in Figure 2&.In that case, there are enough excessive
dye (1.2 nm) . 4agsass positive charges to neutralize the negative charges of dye molecules
Figure 2. TEM image of nanostrand/DATS composite (a) and the schematic that are one-dimensionally stacked. It was possible to produce
illustrations (b, c). In the cadmium hydroxide nanostrands in (c), positively Similar assemblies by using sodium dodecylsulfonate (SDS). In this
charged cadmium atoms and neutral ones are colored dark blue and bluecase, however, we needed to use SDS solution near the critical

nanostrand (1.8 nm)

respectively. micelle concentration (see Supporting Information). In contrast,
@, ® |, bundle-like assemblies of nanostrand/dye composites were obtain-
' T — ' — GHIOH), rerestrord able from the dye solutions at the concentration @i\ or less.
L2 | Qs R— o8 e AT These indicate how strong the interaction between the nanostrands
§ oo § os] and stacked dye molecules is.
£ s £ s In the past, mesoscopic structures of inorganic materials have
< 0] < 0] been created with the help of surfactaft$The use of organic
o) o0 dyes of peculiar molecular configuration will be a way to design

R e e PR e N o e i o w7 st new supramolecular architectures with strong absorption for visible
Wavelength (nm) Wavslength (nm) light. Furthermore, morphological features of the immobilized
Figure 3. UV —vis absorption spectra of cadmium hydroxide nanostrand membranes of the fibrous nanocomposites will be an advantage
(black line), dyes (red line), and nanostrand/dye composites (blue line). for future applications.
The concentration of EB in (a) and DATS in (b) was 101. The
concentration of the nanostrands was 2 mM in terms of cadmium ions. Supporting Information Available: Formation of cadmium hy-
droxide nanostrands. Photo images of nanostrand/dye composites. TEM

Table 1. UV—Vis Absorption of Organic Dyes and Their . . )
ave P g y image of bundles formed from cadmium hydroxide nanostrands and

Composites ] = g -
- - SDS. This material is available free of charge via the Internet at http://
Absorption Maxima (Amax) pubs.acs.org.
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