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Gram-Scale, Low-Cost, Rapid Fabrication of batteries? and photodetectofd.Basically, 1D conducting
High-Quality Width-Controlled One-Dimensional polymer nanostructures can be obtained chemically or
Conducting Polymer Nanobelts electrochemically using hard- and soft-template methods.
Although the hard-templatémethod is an effective route
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Since the discovery of semiconducting oxide nanobelts in "€Sulting in a waste stream that must be treated. More
20011 beltlike nanomaterials have been the focus of intense "€cently, our group has reported that uniform p(gy-
research because they present a good system for examininghe”yle”ed'am'”e) (PPD) nanobelts could be synthesized
dimensionally confined and structurally well-defined physical Tom ano-phenylenediamineHAuCl, aqueous solution at
and chemical phenomel®and potential applications in ~ foom temperature without using any template or surfaéfant.
numerous areas such as field-effect transistomnometer- However, the resulting precipitates are not “pure”, and there
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Figure 2. EDX image (A), XRD pattern (B), FT-Raman (C), and FTIR

(D) of the nanobelts obtained. The inset of Figure 2C shows the phenazine-
like structure. The concentration of OPD is 0.1 M.
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B and C in Figure 1 show typical SEM images of the
resulting precipitates. A low-magnification image (Figure 1B)
reveals that the precipitates consist of a large quantity of
uniform one-dimensional structures. The higher-magnifica-
tion image (Figure 1C) demonstrates that these nanostructures
in the radial direction are plat (transparent nanobelts) several
tens of nanometers in height. Transmission electron micros-
copy (the inset of Figure 1B) indicates that these nanobelts
are uniform with 500 nm in width. It is important to note
that all these nanobelts are separated from each other with

1000 nm

Figure 1. Optical microscope (A) and SEM (B, C) images of the PPD high lit
nanobelts prepared. The inset of B shows corresponding TEM image of Igh quali Y-' - ]
the PPD nanobelts. The concentration of OPD is 0.1 M. The chemical composition of these nanobelts obtained was

o ) ~further determined by energy-dispersive X-ray spectroscopy

Therefore, it is necessary to introduce an easy, rapid, (EDX) analysis of the resulting precipitate coated on indium
inexpensive, environmentally friendly, and gram-scale one- tin oxide (ITO) glass slide. The peaks of C and N are noticed
step method to produce highly pure, uniform nanobelts with (other peaks originated from ITO glass substrate), as shown
controllable average widths in bulk guantities to meet the Figure 2A. It can be concluded that these nanobelts are
requirements for potential uses in nanodevices and nanosengpp polymer. The X-ray diffraction (XRD) analysis of the
sor, etc. In this communication, we develop a rapid approach resulting precipitates was carried out on a D/MAX 2500
for the synthesis of width-controlled, high-quality ultralong \/pc X-ray diffractometer using Cu (40 kV, 30 mA)
PPD nanobelts via simply mixing o-phenylenediamine (OPD) ragiation. Figure 2B shows the XRD pattern obtained. The
and FeCJ aqueous solution. The advantage of the process proad peak centered a25° can be ascribed to the formation
includes simplicity, high speed, high quality, ease of scale- of amorphous OPD polymer, and the occurrence of a strong
up, good reproducibility, and low cost. Gram-scale products iffraction peak at a low Bragg angle can be attributed to
can be synthesized that contain almost exclusively polymer e larger crystalline siz&:1°
nanobelts. . _ Raman spectroscopy and Fourier transform infrared (FTIR)

The PPD nanobelts with controllable width were success- spectroscopy were used to characterize the structure of PPD
fully prepared by chemically oxidative polymerization. FeCl  nanobelts. It is found that the Raman spectrum of PPD
and OPD were purchased from Beijing Chemical Factory. nanobelts (Figure 2C) is similar to those found in the
In a typical synthesis, 1 mL of 0.5 M FeQiqueous solution  |iterature202! The peaks at 1404, 1484, and 1367 ém
was rapidly added into 5 mL of 0.1 M OPD solution under correspond to the phenazine-like structure, the stretching
vigorous stirring. A quick color change was observed upon yjiprations of &N and C-N groups, respectively. Figure
the addition of FeGl After stirring for 15 min, the solution  2p is the FTIR spectrum of PPD nanobelts. The peak at
was centrifuged two times and stored at ambient condition 3310 cnyt corresponds to the NH stretching vibrations of

for characterization. . o the NH group, and the two peaks centered at 3148 and 3184
The morphology of the resulting precipitates was charac-

terized with optical microscope and a XL30 ESEM FEG (19) Huang, M.; Li, X.; Yang, YPolym. Degrad. Stat2001, 71, 31.

scanning electron microscopy (SEM) at an accelerating (20) Jiang, H.; Sun, X.; Huang, M.; Wang, Y.; Li, D.; Dong,l&ngmuir

voltage of 15 kV. Figure 1A shows the optical microscope @1 2006 22, 3358.

| ) o ) Li, X. G.; Huang, M. R.; Duan, W.; Yang, Y. LlChem. Re. 2002
image of the product, which exhibits a yellow color. Images 102, 2925.
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cm ! are assigned to the-N\H stretching vibrations of the
NH, group. Two sharp peaks at 1633 and 1531 tiare
associated with the=€N and C=C stretching vibrations in 1
the phenazine ring, respectivélyThe peaks at 1240 and 7 £ R
1369 cm?! are ascribed to the -©N stretching in the
benzenoid and quinoid imine units, respectiv&Ngoth of
the above Raman and FTIR data reveal that PPD nanobelt}®
has the structure shown in the inset of Figure 2C. On the
basis of the Raman and FTIR data and referéficd,the -
formation mechanism of these nanobelts was proposed
initially. Dong'’s groug® reported a large-scale facile repre-
cipitation route to fabricate uniform PPD 1D nanomaterial
on the macroscopic length scale. It was found thatr
interactions between OPD oligomers that facilitated the
formation of 1D structures became predominant when they
were transferred fromN-methyl pyrrolidone (NMP) to Figure 3. SEM images of the precipitate obtained with concentrations of
deionized water. In this process, sudden changes in thel/5 (A) and 1/20 (B) under identical conditions used for preparing sample

. L . 1; with 4:1 (C) and 8:1 (D) Fe@IOPD molar ratios, the concentration of
environment (reduced solubility) induce the self-assembly opp is 20 ﬁn,zﬂ ®)

of the molecule. Many literatures have been reported to theimage (the inset of Figure 3B) indicates that the width of
synthesis of 1D conjugated organic nanomaterial using thethe nanobelts is close to 200 nm. It is noted that some
above method"?* In fact, in our synthesis system, a positions of nanobelts were broken, which indicates these
phenazine-like structure (OPD oligomer) was formed quickly nanobelts are thin. Thus, the width of nanobelts can be
through the redox reaction between Fedlid OPD. Because  controlled by simply changing the concentration of reactants.
there are a great number afelectrons in the phenazine- In addition, when the concentration of OPD was un-
like structure, which was proved by the Raman and FTIR changed (20 mM), the influence of the molar ratio of
data,7— interactions between OPD oligomers formed are gactants on the morphologies of the resulting product was
quite large. Because of their strong- interactions between investigated. When the molar ratio of Fe@® OPD was 4,
the phenazine-like structures and limited solubility in water, the mixture of nanobelts and nanobeams was obtained, as
these OPD oligomers will self-assemble into a 1D super- shown in Figure 3C. Specifically, uniform PPD nanobeams
structure, resulting in these novel nanobelts. However, the yominated in the product after changing the molar ratio to 8
detailed mechanism of the formation of the nanobelts in this (Figure 3D). Therefore, the morphologies of PPD nanostruc-
synthesis is not very clear at present time and needs furtheryres can be controlled from the width-controlled nanobelts
Investigation. to nanobeams, which will find potential applications in
We also examined the influence of the concentration of nanodevices and nanosensors, etc.
reactants on the morphologies of the structures thus formed. In conclusion, we have demonstrated a facile, rapid, and
We prepared two samples, under identical conditions usedsimple approach for fabricating uniform PPD nanobelts on
for preparing sample 1 (see the above part), by decreasinga large scale. It is found that the width of nanobelts can be
the concentration of reactants to 1/5 and 1/20, respectively.easily controlled by changing the concentration of reactants.
To our surprise, the width of nanobelts can be controlled by In addition, when changing the molar ratio of reactants,
changing the concentration of reactants. When the concentrauniform 1D PPD nanobeams can be easily produced. Raman
tion of reactants was decreased to 1/5, the width of nanobeltsand FTIR spectra indicate that—s interactions between
was about 300 nm (Figure 3A). Figure 3A shows typical OPD oligomers might facilitate the formation of the 1D
SEM images of the obtained precipitate. Higher magnifica- nanostructure. Large amounts of PPD 1D nanobelts and
tion reveals that most of the nanobelts own the width of about nanobeams can be fabricated in a simple, rapid, and low-
300 nm. By continuously decreasing the concentration of cost process, which will make industrialization of these novel
reactants, the width of nanobelts is further decreased. FigurelD nanostructures easy.
3B shows the SEM image of the obtained product. Uniform
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