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Template-directed synthesis represents a straightforward . — 50nm AT

approach to generating one-dimensional (1D) nanostru.ctures.'ln,:igure 1. SEM (A) and TEM (C) images of uniform nanowires of
this approach, the template serves as a scaffold against whichag,se that were synthesized through a reaction between the 32-nm
other materials are assembled with a morphology similar (or nanowires of-Se and an aqueous solution of Agh room temperature.
complementary) to that of the template. A variety of 1D templates The EDX spectrum obtained from these nanowires is given in (B). The
have been successfully demonstrated for use with this processstrong signals for Cu came from the copper grid on which thesSég
and examples include channels in porous matetiaksxagonal nanowires were supported. The inset gives a typical microdiffraction
assemblies of surfactants or block copolynteasid 1D nano- pattern that was obtained by focusing the electron beam on an individual
structures synthesized using other chemical methédhese wire. This low-temperature Age has a tetragonal structure, and the
templating processes, although very versatile, often led to the longitudinal axis of each wire is along ttiB010direction. The single-
formation of polycrystalline 1D nanostructures that are limited crystallinity of these wires was further confirmed by the high-resolution
in use for device fabrication or property measurements. Highly TEM image in (D).

crystalline nanowires were only produced at temperatures around
800—-1200°C when carbon nanotubes were allowed to react with
proper chemicals under carefully controlled conditidnA.
template-directed process that could generate single-crystalline . . i . .
nanowires in the solution phase and at room temperature is yet Uniform nanowires of trigonal Se were synthesized using a

to be demonstrated. Here we describe a template-directed reactiong][(i;]/iousIy repor ted fprocigut?elllgocouIdbcontrql th(tahdiame'[tgrs
in which single-crystalline nanowires of trigonal SeSg) were ese nanowires irony LU to nm by varying the reaction

guantitatively converted into single-crystalline nanowires of CO”d't'OUS- During the templating process, tl@e_nanowwes (as
Ag,Se by reacting with aqueous AgN®@olutions at room tem- suspensions in water or supported on TEM grids) were allowed

perature. The single-crystalline 1D morphology of the wire-like EF)hreact(;NitT an aquterzlous AgN.@OICl;tL?n a}t r(t)om temperature. d
templates was retained in the final products with high fidelity. € products were then examined Dy €electron microscopy an

; : e : ; ; X-ray diffraction (XRD). Figure 1 shows the SEM, TEM, and
Silver selenide exhibits many interesting and useful propétties. . .
Its high-temperature phasg-£g,Se, >133°C) is a superionic HR-“'EM images ofséAgSe nanovylres(sfhagrxverseE'%lene(rja_f_eledey
conductor that is useful as the solid electrolyte in photochargable t€MPIating against 32-nm nanowirestdse. The an
secondary batteries. The low-temperature phasAd,Se) is a measurements indicate that the wire-like morphology of the

narrow band gap semiconductor, and has been widely used as demplates was retained with high fidelity during this selid
photosensitizer in photographic films or thermochromic materials. S0lution reaction. The phase and composition of the as-synthesized

a-Ag,Se is also a promising candidate for thermoelectric ap- nanowires of AgSe were analyzed using several other techniques.
plications because of its relatively high Seebeck coefficiert50 The XRD pattern indicates that these nanowires were crystallized

WVIK at 300 K), low lattice thermal conductivity, and high in the tetragonal structure with lattice constaats b = 0.698

electrical conductivity. Large magnetoresistance has also been nm, andc = 0.496 nm. The energy—_dispersiv_e X-ray (.EDX)
reported for a nonstoichiometric derivative of this sdlitd.is spectrum shown in F'g!”e 1B also confirms the right st0|chlometry
reasonable to expect that the availability of,8g in the form of for these AgSe nanowires. The smooth surfaces and the uniform

contrast observed along individual wires under TEM (Figure 1C)
*To whom correspondence should be addressed. E-mail: xia@ suggest that these as-synthesized nanowires sSé\gere single-

well-controlled nanowires could bring in new applications, and
greatly enhance the performance of many currently existing
devices as a result of their one-dimensiondlity.

Ch?mﬁ;@i?gtgf”ﬁi;’mn ton crystalline. The electron microdiffraction pattern (the inset of
3 Universitz of Ca”forn?a. ’ Figure 1C) obtained from the individual nanowires confirmed this
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Figure 2. (A) The TEM image and microdiffraction pattern (inset) of a
Ag,Se nanowire whose diameter waS0 nm. The diffraction spots could
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involved in this templating process can be presented as the
following:

3Sef) + 6Ag‘(ag) + 3H,0 — 2Ag,Sef) +
Ag,SeQyaq) + 6H"(aq)

We believe a minimal reorganization of the parent solid structure
(topotactic characteristics) is the key to the formation of single-
crystalline products from single-crystalline templates. When silver
cations diffused into single-crystalline nanowiresteel! the
silver ions might catalyze a disproportional process df i@

Se&~ and Sé'. The Sé' species then diffused out of the solid
matrix and reacted with Agand HO to generate AgSeQ in

the agueous medium around the templates. Thie Species
combined with trapped Agto generate single-crystalline nanow-
ires of AgSe. Note that the lattice constant in tbeor a-axis

was essentially unchanged during the formation of tetragonal or
orthorhombic AgSe, respectively. In particular, a change in the
fringe spacing from 0.16 to 0.25 nm (as shown by the HRTEM
images) indicates that only one layer of Se atoms (perpendicular
to the c-axis) needs to be removed from each primitive lattice
when the tetragonal A§e is formed. As a result, the atomic
arrangement in the template might be largely unaffected during

be indexed as the orthorhombic structure; this assignment is further the course of this reaction, and one could obtain single-crystalline
supported by the high-resolution TEM image shown in (B). (C) The XRD products by templating against single-crystalline nanowires. The
pattern ofa-Agz.Se nanowires that were synthesized by reacting 80-nm topotactic characteristics of this process resembles many intercala-

nanowires ot-Se with an aqueous AgNGolution. The AgSeQ phase
had been removed by rinsing with hot water9Q °C).

Interestingly, we also found that the crystal structure of these
single-crystalline nanowires of A§e strongly depended on their
lateral dimensions: For wires with diameters~40 nm, an
orthorhombic structure (with = 0.705 nmb = 0.782 nm, and
¢ = 0.434 nm) was found to be more favorable. Figure 2A shows
the TEM image of a AgSe nanowire whose diameter wa$0
nm. The inset shows a microdiffraction pattern observed for this
nanowire, which could be readily indexed according to the
orthorhombic crystal structure. This lattice structure was also in
agreement with the HRTEM image shown in Figure 2B; and the
fringe spacing observed in this image matched well with the

tion reactions that are well-documented for their minimal structural
reorganizatiof? but differs in that an additional product (in this
case, AgSeQ) was also involved in this templating process.

In summary, we have described a template-directed reaction
through which the morphology and single crystallinity of the
template were both retained with high fidelity. This synthetic
strategy might be extendible to other systeiftse only require-
ment seems to be that the reconstruction of the parent crystal
lattice is kept minimalSince anions generally occupy most of
the spaces of an inorganic solid, this requirement could be readily
met by designing a system where the anions of the product will
come directly from the template, rather than the gaseous or liquid
reagents.
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Although the exact transformation mechanism froi8e to
single-crystalline AgSe is still not completely understood at this
point, a plausible one is described below. As confirmed by the
XRD studies (see the Supporting Information), the net reaction
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