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Since the discovery of ordered mesoporous matetigigat |_a
efforts have been made to modify their morphologies. Acid-
catalyzed mesostructure synthesis has proven to be particularly
successful in this regafdand the concurrent synthesis and pro-
cessing of mesostructured fibérsspheres, and tubule%on the
microscopic to macroscopic scale has been demonstrated. Meso-
porous materials with designed nanoscopic pores and nanometer-
to-larger-scale morphologies are an important new class of materials
with enormous potential in sieving, catalysis, and nanofluidics.

An important issue in the applications of nanoscopic mesoporous
materials is pore orientation. For example, if the pores in nanoscale
mesoporous fibers are aligned parallel to the fiber axis, these fibers
could function as nanofluidic channels in applications for electrophor-
esis and biologically sensitive transistors. Moreover, incorporation
and alignment of chemical speciesuch as polymers, into these
nanofibers could offer opportunities for studying transport properties
of individual or highly aligned polymer chains, providing valuable
information for optimizing polymer-based transistors and diodes.

_ Early gpproaches to mesoporous silica fibgrs employed.mechan-,:igure 1. Mesostructured nanofibers with the circular pore architecture.
ical drawing and two-phase reactiodddechanically drawn fibers (@) SEM image. The inset is a TEM image. (b) High-magnification TEM

have diameters of 30100 um and consist of multiple ordered image of a 214-nm-diameter nanofiber. The double-arrowed line indicates
the fiber axis direction. The inset is a representative electron diffraction

domains. The fibers grown from two-phase reactions have diameters : X

. . . pattern. Measurement of the hexagonal lattice constant gives a value of 4.7
f.rom lto 40/4rT1,.Wlth a SI.I’lgle-CrystaI-Ilke mesostructure. These nm, in agreement with that determined from XRD. (c) TEM image taken
fibers were originally believed to have pore channels oriented on microtomed nanofiber samples. The diameter of the nanofiber is 113

parallel to the fiber axida?but further investigations showed that ~nM. The measured inter-ting spacing is 3.3 nm, smaller than the value of
the pore channels run circularly around the fiber 4%is 4.1 nm determined from XRD, which might be due to compressive strain

. . induced by solidified resin for microtoming.
Here, we report a simple one-phase route to mesostructured fibers

with diameters ranging from 50 to 300 nm and lengths up t0 \4n4ing from tens of micrometers to several millimeters (Figure
millimeters. They are _smgle-cr_ystal-llke WI-th hexago_nally organized 1a). The remaining 10 wt % or less of the content are particles in
pores and possess either a circular architecture with pore channel$,atyre. Examination of individual fibers using transmission electron
running around the fiber axis or a longitudinal architecture with microscopy (TEM) indicates that the fibers are smooth with uniform
pore channels oriented parallel to the fiber axis. Significantly, we giameters along the axis direction and that their diameters range
have demonstrated that the internal architecture of these nanofibergrom 50 to 300 nm (Figure 1a, inset).
can be readily controlled via the synthesis. X-ray diffraction (XRD) patterns reveal a hexagonal mesostruc-
Nanofibers with the circular architecture can readily be made ture possessed by the nanofiber sample shown in Figure 1 (Sup-
using a one-phase route. In a typical synthesis, the silica precursor porting Information, Figure S1). Because XRD only probes the aver-
tetraethyl orthosilicate (TEOS), was added into a cetyltrimethy- age structure of bulk nanofiber samples, TEM imaging was carried
lammonium chloride (C16TMACI) aqueous solution under a strong out to investigate the internal architecture of individual nanofibers
acidic condition at room temperature, with the molar ratio of and their relation to the fiber shape. With the viewing direction
100H,0:7HCI:0.02C16TMACI:0.03TEOS. The mixture was then perpendicular to the fiber axis, a hexagonally packed array of pore
covered and moved into an isothermal oven set &i@0where it channels oriented perpendicular to the fiber axis was observed over
was kept without stirring for 44 days. Spontaneous growth of  the whole fiber length (Figure 1b). A representative electron diffrac-
suspended flocculates and precipitated particles was observed. Théion pattern (Figure 1b, inset) further confirms the hexagonal pack-
flocculates were taken out, washed with water, and then dried in ing of pore channels. To view the pore channel arrangement parallel
air. 20-30 wt % of the overall product from each synthesis are to the fiber axis, TEM imaging was performed on microtomed thin
flocculates. Scanning electron microscopy (SEM) images show that Sections of nanofibers, where the pore channels are visible as

greater than 90 wt % of the flocculates consist of fibers of lengths concentric rings and the cross section is circular (Figure 1c). Further
efforts are needed to determine whether these pore channels are

* Department of Chemistry and Biochemistry closed-off rings or helices with an extremely small pitch.
 Materials Department. It would be intriguing to be able to control the internal arch-
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Table 1. Synthesis Control of the Internal Structures of

Nanofibers
architecture synthesis condition?
circular 100H0:6.8-7.2HCI:0.01-0.04C16 TMACI:0.015
0.06 TEOS (80C)
100H,0:7HCI:0.016S:0.022TEOS (S: C16TMAB!,
C16PCl, or C16PBr, 86C)°
longitudinal 100H0O:6.8-7.2HCI:0.01-0.04C16 TMACI:0.015

0.06TEOS (50C)
100H,0:7HCI:0.016S:0.022TEOS (S: C16TMABT,

C16PClI, or C16PBr, 50C)
100H,0:7HCI:0.003-0.008C18TMABT:0.004
0.02TEOS (80C)
100H,0:7HCI:0.019C16TMACI:0.038TEOS:salt
(salt: 0.0001-0.0004NaF, 0.010.02NacCl,
0.02-0.2NaBr, 0.01-0.03Nal, 0.03-0.2K;SOy,
0.06-0.2N&aSOy, or 0.01-0.2KNG;, 80°C)

aThe reaction compositions are given in the molar rati616PCl and
C16PBr represent cetylpyridinium chloride and bromide, respectively.

30 nm

Figure 2. Mesostructured nanofibers with the longitudinal pore architecture. ; : ; ;
() SEM image. The inset is a TEM image. (b) High-magnification TEM have been synthesized. These nanofibers possess either a circular

image of a 93-nm-diameter nanofiber. The double-arrowed line indicates o.r a Iongitudinal_pore a_lrchitecture, Which_can be rea‘?”y controlled
the fiber axis direction. Measurement of the spacing between parallel pore Via the synthesis. This structure-selective synthesis could offer
channels gives a value of 3.9 nm, close to the average value of 4.1 nm opportunities for further understanding the fundamental mechanism
deterrlmne?hfrom X,RD-b(‘t:) TEM Imalllgtla tg\ken c])(r;hml;]:rotomeq n?;oflbe;h governing the cooperative organization of organic and inorganic
sampies. € spacing between parallel eages o € nexagon is nm. . . i .
measured hexagonal lattice constant is 4.1 nm. A value of 4.7 nm Wasei\'nol.e'cular speues. into three dlmen;lonally Struicture'd array_s. In
determined from XRD. addition, the nanofibers with longitudinal pores might find applica-
tions in nanofluidic electrophoresis and biochemical sensing.
itecture of a nanofiber via synthesis. We first tried lowering the  Acknowledgment. We thank M. H. Bartl, J. H. Harreld, and
growth temperature to SIC. High-quality nanofibers were obtained vy for helpful discussions. This work made use of MRL Central

(Figure 2a), and they also have a hexagonal mesostructure, as regacilities supported by the National Science Foundation under
vealed by XRD patterns (Supporting Information, Figure S1). gward No. DMR00-80034.

Individual nanofibers have uniform diameters and slight bends along  Note Added after ASAP: The version published on the Web

the fiber axis (Figure 2a, inset), suggesting that these nanofibers10/28/2003 contained errors in the caption to Figure 2 and the de-

might possess a different internal architecture. Indeed, highly scription of the control of architecture of nanofibers. The Web

organized pore channels parallel to the fiber axis were observedversion published 10/29/2003 and the print version are correct.

under high-magnification TEM imaging (Figure 2b). Remarkably,  supporting Information Available: XRD patterns, nitrogen sorp-

TEM images taken on microtomed nanofiber samples indicate that tion isotherms, SEM and TEM images, synthesis conditions, and a brief

the longitudinal pore channels are also hexagonally packed and thaidiscussion (PDF). This material is available free of charge via the

the cross sections of individual nanofibers are hexagonal (Figure Internet at http://pubs.acs.org.
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