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Abstract
Ag2Te is a relatively unexplored promising material, having a variety of potential applications. This paper
reports the growth of highly uniform and single crystalline Ag2Te nanowires by a simple vapor transport
method without using a catalyst. The morphology, structure and phase purity of the nanowires were
investigated by X-ray diffraction, scanning electron microscopy and transmission electron microscopy.
The chemical composition of the individual nanowire was examined by X-ray energy-dispersive
spectrometry. Our results revealed the growth of monoclinic Ag2Te along (Ī13) planes. At lower
temperatures, hexagonal Te nanowires instead of Ag2Te nanowires were grown along (001) planes. This
strong dependence on the growth temperature suggests a candidate growth mechanism.

1. Introduction
Synthesis of nanostructure materials exhibiting unique properties have become the focus of intensive
research due to its potential applications in the fabrication of nanodevices [1–4]. Certain non-magnetic
compounds such as silver chalcogenides are promising materials since it exhibits magnetic properties
even though their electron spins do not align under external magnetic �eld. In addition to its interesting
giant magneto resistance, silver chalcogenides are attracting widespread interest due to their special
semiconducting properties, ionic conductivities and polymorphic phase transitions [5–9]. Especially, silver
telluride (Ag2Te), a relatively unexplored material, has promising applications in low �eld sensors,
optoelectronics, thermoelectric devices and in nanoscale memory devices [10–15]. It exhibits remarkable
magneto resistance (MR) at room temperature comparable to the colossal magneto resistance
compounds and shows linear �eld dependence down to 10 Oe. The classical picture seems incapable of
explaining the MR of Ag2Te and the origin is still uncertain though there are some speculating reports
[16]. Ag2Te compound exhibits a �rst order phase transition at around 418 K. The low temperature phase,
monoclinic Ag2Te referred as hessite, is a semiconductor with a narrow band gap, high carrier mobility
and low lattice thermal conductivity, whereas its high temperature phase, cubic, gives rise to super ionic
conductivity. An additional silver de�cient phase of this compound, referred as empressite (Ag(5−x)Te3),
having a hexagonal structure is also argued to exist [17].

Silver tellurides in bulk were synthesized by the solid state reaction at high temperatures, by the reaction
of metal-salt solutions in the presence of toxic gas or by the reaction of metal and chalcogen in
ammonia, but yielded a mixture of Ag2Te and 5–10% Ag7Te4 [18]. Nanoparticles and nanotubes of
crystalline Ag2Te were also synthesized by high intensity ultrasonic irradiation in organic solvents [19],
and by the hydrothermal process [20], respectively. In addition to nanoparticles and nanotubes, nanowires
are also unique in their properties relative to the bulk due to the con�nement effects and surface effects.
Earlier, using electro deposition in anodic alumina membranes and hydrothermal techniques, Ag2Te
nanowire (NW) bundles were synthesized [21], but the NWs were not single-crystalline with a preferred
growth orientation. Different morphologies of Ag2Te nanostructures and nanowires were synthesized by
a hydrothermal method [10, 22]. Chang et al, prepared Ag2Te nanowires by one-step solvothermal method
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without templates and surfactants [23]. They also proposed a possible growth mechanism. Growth of
high-purity, high-performance nanowires is of considerable technological importance due to many of its
unique applications. This paper report the growth of highly crystalline uniform Ag2Te NWs by a simple
vapor transport technique without using a catalyst. As no catalysts are used for the synthesis, the NWs
are highly pure.

2. Experimental Section
A typical horizontal two-zone temperature furnace with a 1 inch diameter quartz tube, as shown by a
layout in Scheme 1, was used to grow Ag2Te NWs. The setup is equipped with pressure and mass �ow
controllers. In order to remove any impurities and to maintain an inert atmosphere, the furnace was
evacuated to less than 100 mTorr and then purged with Ar gas for 30 minutes. The precursor, Ag2Te
powder (0.04 g, 99.999%, Sigma-Aldrich) placed in an alumina boat, was evaporated at a temperature of
around 1000°C in the upstream zone of the furnace maintaining a pressure at 10 Torr. The vapors carried
over by 500 sccm Ar carrier gas were deposited on to Si substrates placed at a distance d (Scheme 1)
from the alumina boat kept at the junction between downstream and upstream. The experiment was
performed for 30 minutes, keeping a steady �ow rate and pressure. The downstream was not heated
during the course of the experiment. After the completion of the experiment the furnace was allowed to
cool down to room temperature. The NWs that had grown on the substrate were analyzed by X-ray
diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and
energy dispersive X-ray spectroscopy (EDS). The crystal structure of the precursor powder and the �nal
product on the substrate were examined by XRD using Cu Kα radiation (λ = 1.5418 Å). The morphology,
structure and phase purity of the NWs were investigated by SEM and TEM. The TEM images, high-
resolution TEM (HRTEM) images, and selected area electron diffraction (SAED) patterns were obtained on
a JEOL JEM-2100F TEM operated at 200 kV. Chemical composition of the individual NW was examined
by X-ray energy-dispersive spectrometry (EDS) attached to the TEM. The samples for TEM analysis were
prepared either by dispersing the NWs in solvent followed by placing a drop of the solution on a carbon
coated copper grid or by dragging the grids along the surface of the sample.

3. Results And Discussion
Ag2Te nanowires were grown on Si (111) substrates placed at the junction between upstream and
downstream zones using a characteristic two-zone temperature furnace with an inner quartz tube (a
layout in Scheme 1). The precursor, kept in an alumina boat and placed at the centre of the upstream
zone, was evaporated at 1000°C with a heating rate of 50°C/minute. Figure 1(a) shows the morphology
of the NWs as examined by SEM using a Philips XL30SFEG. The high magni�ed SEM image of a typical
single NW (inset of Fig. 1(a)) and the TEM image (Fig. 1(c)) demonstrate that the NWs are clean and
highly uniform. The NWs were of 10 to 15 micrometers long and 50 to 250 nm diameter. The XRD pattern
of the as-grown NW ensemble (Fig. 1(b)) shows the Bragg diffraction peaks, which were indexed to the
monoclinic Ag2Te structure (JCPDS �le: 65-1104), denoting the growth of monoclinic Ag2Te NWs. The
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XRD spectrum did not exhibit any signi�cant characteristic Bragg peak of Ag or Te metal, which excludes
signi�cant Ag/Te phase segregation and formation of Ag/Te metal clusters/precipitates in the Ag2Te
nanowires. The TEM image from a representative NW with a diameter of 60 nm is shown in Fig. 1(c). The
inset of the �gure depicts the selected area electron diffraction (SAED) patterns of the NW. It shows a
regular spot pattern, revealing the single-crystalline phase of the NW. The diffraction spots pattern were
indexed to monoclinic Ag2Te structure (JCPDS �le: 65-1104), in accordance with XRD pattern of NW
ensemble. The NW growth direction was along (Ī13) plane. The lattice spacing (d) of 3.96 Å and 4.13 Å
were identi�ed as (011) and (Ī02) planes respectively, of monoclinic Ag2Te. Figure 1(d) depicts a HRTEM
image and the clear lattice fringes con�rm the single crystalline nature of the NWs. The interplanar
spacing (d) perpendicular to the growth direction was estimated as 2.34 Å �tting well with the interplanar
distance of the (Ī13) plane, endorsing the (Ī13) growth direction of the NWs in agreement with the SAED
�ndings. The observed interplanar spacing is in concurrence with d = 2.31 Å of (Ī13) planes in bulk
monoclinic Ag2Te.

Figure 2 depicts the EDS composition line pro�le measured across the diameter of the NW and the
corresponding spectrum from a single Ag2Te NW. The spectrum in Fig. 2(c) illustrates that the NW
consists of Ag and Te elements. The quantitative analysis indicates that the atomic ratio of Ag to Te is
close to 2:1, con�rming the growth of Ag2Te NWs (lines due to Cu is from the TEM grid). The composition
line pro�le measured along the diameter of the NW (Fig. 2(b)) shows a uniform composition of Ag and Te
along the cross-section of the NW.

It is noticed that Te NWs were grown on the Si substrate if the experiment was performed at an upstream
temperature of 900°C or less, indicating temperature dependence on the growth of NWs. Figure 3(a)
shows the morphology of nanowires as examined by SEM. The magni�ed image in the inset illustrates
that the NWs are clean and highly uniform. The XRD pattern (Fig. 3(b) ) of the as-grown Te NW ensemble
on the Si substrate shows Bragg diffraction peaks that were indexed to hexagonal Te structure (JCPDS
�le: 36-1452). Figure 3(c) depicts the TEM image of a typical Te NW. The upper inset in the �gure depicts
the SAED patterns of the NW which shows a regular spot pattern, re�ecting the single-crystalline nature of
the NW. The diffraction spots pattern were indexed to hexagonal Te structure (JCPDS �le: 36-1452), in
agreement with XRD pattern of NW ensemble. The NW growth direction was along (001) plane. The
lattice spacing (d) of 2.1 Å was identi�ed as (111) plane. Figure 3(d) depicts the high resolution (HR) TEM
and the clear lattice fringes indicate that the NW is single crystalline in nature. The interplanar spacing (d)
perpendicular to the growth direction was estimated as 5.92 Å �tting well with the interplanar distance of
the (001) plane, con�rming the (001) growth direction of the NWs. The relevant Fast Fourier
transformation pattern is shown in the inset of Fig. 3(d). The EDS spectrum obtained from the marked
portion on panel ‘c’ is shown in the lower inset of Fig. 3(c), which con�rm that the NW consists of only Te
element (lines due to Cu is from the TEM grid).

To deduce a possible NW growth mechanism systematic experiments were carried out at various
upstream temperatures and �ow rates. Subsequently, EDS analysis was performed at each stage to
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determine the type of NWs (i.e. whether the grown NWs are Te, Ag or Ag2Te). It is found that Te, Ag2Te or
a mixture of Te and Ag2Te NWs were grown on the substrate, depending on the upstream temperature
whereas the �ow rate has negligible effect. Further, EDS analysis was also carried out at several spots on
the same substrate deposited at each upstream temperature to determine the type of NWs formed. It is
observed that the percentage of Ag2Te NWs increases with temperature whereas that of Te NWs shows
the opposite trend. For example, Te NWs were grown for an upstream temperature equal to 900°C or less.
In contrast only Ag2Te NWs dominate in the temperature range 1000–1050°C. In the intermediate
temperature at 950°C, EDS analysis indicated the presence of both Te and Ag2Te compound on the
substrate.

This strong dependence of the Te and Ag2Te NWs percentage on the temperature can be explained in the
following way. Ag2Te compound is known to start to dissociate even at temperatures as low as 750°C,
depositing mostly Te on the substrate at low temperature [24]. This is because the evaporation rate of Te
atoms is greater than those of Ag atoms and Ag2Te molecules. The strong reactivity of Ag and Te ((G

Ag2Te)298 = -81.66 kJ mol− 1) is also known [25]. Thus during the heating of Ag2Te powder in the upstream,
the precursor dissociates and the vapors of Ag and Te carried over to the downstream of the apparatus
by the Ar carrier gas recombine on the Si substrate to form Ag2Te nuclei, which may act as seeds
facilitating the growth of Ag2Te NWs. The nucleation of Ag2Te from Ag and Te elements requires

diffusion of the two species. It is also well known that the diffusivity of Ag in Te (4×105 Å2/s at 300 K) is
larger than that of Te in Ag (2.429×10− 12 Å2/s at 300 K) [26]. Therefore the structure and phase formation
of the material grown on the substrate must be dictated mostly by the diffusion of Ag in Te lattice. The
sequential growth of Ag2Te nanocrystals by diffusion and the phase formation was earlier studied by
high resolution transmission electron microscopy [27].

When the experiment is performed at low temperatures, transportation of Te after dissociation of the
precursor is favored and hence the growth of Te NWs dominates at temperatures ≤ 900°C. As the
temperature increase, the evaporation rates of both Te and Ag increases so that a mixture Te and Ag2Te
was obtained on the Si substrate. The vapor pressure data for pure Ag and Te suggests that vapor
pressure of silver increases faster with temperature than that of tellurium [24]. Hence it seems that at our
experimental condition of 1000–1050°C, after the deposition of Ag and Te atoms on the substrate, Ag2Te
NWs have grown by self-seeded process through diffusion and reaction.

4. Conclusion
In conclusion, this report demonstrated the growth of highly uniform and single crystalline Ag2Te and Te
NWs by a simple vapor transport method without using a catalyst. The morphology, structure and phase
purity of the NWs were investigated by XRD, SEM and TEM. The HRTEM and SAED analysis revealed the
growth of monoclinic Ag2Te and hexagonal Te NWs along (Ī13) and (001) planes, respectively. The
possible NW growth mechanism is deduced from various experiments carried out at different growth
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conditions. It is expected that these NWs could be used for studies of transport properties and magneto
resistance behavior. Further, this simple approach will provide growth of Ag2Te NWs and related silver
chalcogenides in a controlled manner for many important applications in nanodevices.
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Figure 1

(a) Representative SEM image of Ag2Te nanowires grown by vapor transport method on Si (100)
substrate at an upstream temperature of 1000 ºC. The inset represents high magni�cation SEM image of
a typical nanowire. (b) XRD Pattern of the as-grown Ag2Te nanowire ensemble on Si substrate at an
upstream temperature of 1000 ºC. The Bragg diffraction peaks were indexed to monoclinic Ag2Te
(JCPDS �le: 65-1104). (c) Representative TEM image of Ag2Te nanowire grown along (Ī13) plane. The
arrow mark indicates the growth direction of nanowire. Inset shows SAED pattern, indexed to monoclinic
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Ag2Te structure. The lattice spacing of 3.96 Å and 4.13 Å were identi�ed as the interplanar distances of
(011) and (Ī02) planes, respectively. (d) Representative HRTEM image of the nanowire shown in panel (c).
The lattice spacing 2.34 Å corresponds to the interplanar distance of (Ī13) plane. Inset in the �gure shows
the two dimensional Fast Fourier transform.

Figure 2
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EDS composition line pro�le analysis along the diameter of a typical Ag2Te nanowire. (a) TEM image of
a typical nanowire (white region) and the scan direction is along the marked line AB. (b) EDS
compositional (Ag and Te) line pro�les along the diameter of the nanowire from A to B as shown in panel
(a). (c) EDS spectrum illustrating the composition elements in the nanowire (lines due to Cu is from the
TEM grid).

Figure 3
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(a) Representative SEM image of Te nanowires grown on Si (100) substrate at an upstream temperature
of 900 ºC. The inset represents high magni�cation SEM image of a typical nanowire. (b) XRD Pattern of
the as-grown Te nanowire ensemble on Si substrate at an upstream temperature of 900 ºC. The Bragg
diffraction peaks were indexed to hexagonal Te (JCPDS File No: 36-1452). (c) Representative TEM image
of a nanowire grown along (001) plane. The arrow mark indicates the growth direction of nanowire. Upper
inset shows SAED pattern, indexed to hexagonal Te structure. The lattice spacing of 2.1 Å was identi�ed
as (111) plane. Lower inset shows EDS spectrum of nanowire examined from the marked portion in panel
(lines due to Cu is from the TEM grid). (d) Representative HRTEM image of the nanowire shown in panel
(c). The lattice spacing 5.92 Å corresponds to the interplanar distance of (001) plane. Inset in the �gure
shows the two dimensional Fast Fourier transform.
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