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Nanowires derived from the Chevrel compound, L§8e; 12
are remarkable in terms of their structural, chemical, and electrical
properties. As condensation polymers of stacked triangulaSi|o
units (Figure 1a), the nanowires have a diameter of only 0.85 nm
(from crystal data¥. That is, they are smaller than single—2
nm) and multiwalled (225 nm) carbon nanotubésDiSalvo’s
group discovered in 1985 that LiMBe can be exfoliated in polar
organic solvents to form dispersions that contain LiSBig as
nanowire bundle$.The fact that the nanowires remain metallic in
the exfoliated stabeé was exploited for the fabrication of electrically
conducting films and nanowirenanoparticle composités1® We LilosSe, film
recently found that thin films of the LiMg®e; nanowires respond
to molecular vapors with a decrease of their electrical conductivity.
This observation is remarkable considering that as metallic conduc-
tors with three conduction channéld,iMo ;Se; nanowires should
only be mildly sensitive to the adsorption of molecules. To better IO or gold electrode ~
understand this phenomenon and to evaluate the potential of the Borosilicats glass™ et i
metallic nanowires as chemical sensors, we have systematicallyFigure 1. (a) Schematic structure of LiMBe; nanowires, (b) space filling

; - ; i £ ; model of a single nanowire (Li in estimated positions) and (c) of a nano-
studied the conductivity of LiMgSe; nanowire films in the presence wire bundle, (d) schematic drawing of the senshrfgm thickness: 16-

of chemical vapors. We present here initial results from this 150 nm: s electrode separation: 051.27 mm), (e) SEM image of
investigation. nanowire film and electrode, and (f) HRTEM image of a single nanowire
To fabricate the sensors, a solution of the nanowires was bundle.

deposited onto a homemade electrode array of patterned thin (100
nm) films of indium tin oxide (or gold) on borosilicate glass (Figure (
1d). After evaporation of the solvent (water or DMSO), a porous
network forms (Figure 1e) that contains nanowire bundles of mean
4—6 nm diameter and with an average length of 4. High-
resolution TEMs confirm that the bundles are crystalline and contain
several LiM@Se strands. Assuming that the strands are packed
e e e 50 play a 1ol n e sensingprocess

i _In addition to the nature of the analytes, the response of the
temperature measurements of the lateral resistance of the nanowwele_iMOSS% nanowire films is also a strong function of the analyte

films using both a four- and a two-probe configuration reveal ol pressure (Figure 3a and b). While for acetonitrile the response
resistivities of the films of (34) x 10°° Qcm, which agrees well i creases linearly in the measured pressure interval, other solvents,
with previous measuremerfts? _such as DMSO and methanol, produce a nonlinear response (see
When a nanowire film is exposed to molecular vapors of organic Supporting Information). The smallest pressures that give a
solvents, the resistance of the film increases, as shown in Figure 2easurable response (based on iher@eriort?) are 2 mTorr (2.6
(see ref 23). The observed relative resistance chanyB&, ppm) for DMSO, 400 mTorr (520 ppm) for MeCN, and 100 mTorr
(AR =R — Ry), are always positive; their magnitude is on the (130 ppm) for MeOH. These detection limits are comparable to
order of 1-70%; they occur within seconds of the exposure, and sensors based on organic filt#s but are not as low as those of
they are entirely reversible. To determine the nature of the analyte sensors based on individual carbon nanotifbasd silicon nano-
nanowire interactions that lead to the observed resistance changesyires16 The physical dimensions of the nanowire films also affect
we systematically studied the reaction of the sensors to analytes ofthe sensitivity of the sensor. Figure 3a shows that the magnitude
variable molecular sizes, polarities, and with different functional of the response increases with the electrode separation (conductance
groups. It can be seen (lower part in Figure 2) that the strongest path length), and Figure 3c reveals an inverse relationship between
responses are caused by analytes with electron pair donors, whichresponse and film thickness (determined by AFM). Increasingly
suggests that coordinative interactions between analytes and nanothick films also lead to longer response times of the sensor (see
wires play a role in the sensor response. In the case of DMSO andFigure 3d), suggesting that the response is limited by analyte
methanol, coordinative interactions are also supported by the finding diffusion into the film. Together, these observations clearly show
that residual bands of these molecules can be detected in the infraredhat the resistance changes are due to processes in the film and not
spectra of the nanowires even after prolonged drying in vacuum at the film—electrode interface.

.
$d, ',,'

see Supporting Information). For these “sticky” solvents, it usually
takes several injection/evacuation cycles before the resistance
response becomes stable. Aliphatic hydrocarbons and chlorinated
solvents (chloroform), on the other hand, can be easily removed in
vacuum. The fact that these noncoordinating solvents still produce
a measurable resistance increase of the films suggests that van der
Waals and dipolar interactions between analytes and the nanowires
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R drastically affect the conductance. However, it is possible that the

v conductivity changes are caused by adsorbate-induced variations
of the mean free path of the conduction electrons in the wires.

- Adsorbent-induced scattering of conduction electrons in thin (5 nm)

metallic films has been shown to produce resistance increases of

up to of 4% of the base resistan@e?? The larger resistance changes

of the LiMozSe; nanowire films might be a result of the smaller

14 diameter of the wires and the fact that the electrons in the wires

4z methanol ?lre confined in two dimensions and not just in one, as in metallic
iims.

il + THF In conclusion, we have shown that films derived from Chevrel

- cetonitrile phase LiM@Se nanowires quantitatively and reversibly respond

_W R with their electric conductivity to molecular analytes of variable
molecular sizes, functional groups, and polarities. Studies are

il I : I . L E ] underway to elucidate the mechanism of the nanowire sensors and

to utilize the effects in the quantitative and selective detection of
analytes.
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At present, it is not clear if the observed resistance changes are

a result of solvent-induced variations of the electron tunneling
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Because LiMgSe; nanowires contain three conduction channéls,

changes in the band structure of the wires are not expected to
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