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SUMMARY

Topological insulators (TIs) are bulk insulators with a metallic surface states that can be
described by a single Dirac cone. However, low-dimensional solids such as nanowires (NWs) are
a challenge, due to the difficulty of separating surface contributions from bulk carriers.
Fabrication of nanowires with high surface to volume ratio can be realized by different methods
such as chemical vapor transport, molecular beam epitaxy and electrodeposition. The last method

is used in the present work allowing the growth of structures such as p-n junctions, intercalation

.....

.....

BixTes, SboTes and p-n junction via electrodeposition. Structural, morphological and nano
structure properties of nanowires have been investigated by various characterization techniques.

Interface structures and lateral hetero junctions (LHJ) in p-n junction NWs has also been made.

Keywords: Electrodeposition, topological insulator nanowires (TIs NWs), STEM, interface

structures, lateral hetero junctions (LHJ), spin-coating.



INTRODUCTION

Discovery of new class of materials named TIs initiated intense research motivated by the novel
physical properties of TI’s and perspectives for device applications in spintronics and quantum
computation processing [Hasan and Kane, 2010; Hasan and Moore, 2011; Luo et al., 2013; Le et
al., 2014; Tu et al., 2015]. Electronic band structure of those materials is fully gapped in the
bulk, but with unusual gapless ‘protected’ 2D Dirac surface state [Liu et al., 2019; Moore, 2010;
Qi and Zhang, 2011]. This band structure arises in compounds containing high atomic mass
elements with strong spin-orbit (SO) coupling. This prediction was followed by several
experiments, Angular Resolved Photo Emission Spectroscopy (ARPES) and Scanning Tunneling
Microscopy (STM) demonstrating locked spins [Alpichshev et al., 2010; Chen et al., 2009; Hsieh
et al., 2009; Wang et al., 2011; Zhang et al., 2009.].

The presence of topologically protected and spin-locked surface states inhibits backscattering
and leads to very long dephasing lengths. These systems could be promising in the field of
spintronics and fault-tolerant quantum computing. However, access to this 2D quantum matter is
a challenge, due to the difficulty of separating surface contributions from the non-conductivity of
the bulk. In approaches taken thus far, such as nano-structured synthesis/growth, doping,
compositional tuning, or band- gap engineering via device gating, complete suppression of the
bulk conduction in TIs has not yet been realized. Existence of Dirac cone type surface states was
found in several systems, and one can distinguish several classes of TI's. Time reversal
symmetry protected family represented by layered BirTes, BioSes, SboTes, and crystal symmetry

protected, cubic PbixSnxSe, SnTe, and Kondo type SmBe.



Electronic transport properties specific to the surface conduction channel are difficult to separate
from bulk conductivity. In most cases, linear in field magneto resistance due to weak anti-
localization and Berry phase in Shubnikov-de Hass oscillations are observed on the large
background. This jeopardizes verification of theoretical predictions of novel quantum effects
such as Majorana fermions on the interface between TI and superconductor, Klein tunneling and
Mach-Zehnder interferometer on TI based p-n junction. The main obstacle is the fabrication of
high-quality TI materials and structures.

Nano scale topological insulator has a large surface-to-volume ratio that can manifest the
conductive surface states and are promising candidates for devices [Guo et al., 2015; Hong et al.,
2014; Tlan et al., 2015; Kong et al., 2010.]. There are number of studies focused on the
fabrication and characterization of thin-films and nanoplates [Fei et al., 2015; Jiang et al., 2015;
Le et al., 2017; Zhang et al., 2012.], much less attention has been given to the TIs nanostructured
such as nano wires (NWs), nanorods, nanotubes [Eschbach et al., 2015; Krieg et al., 2019; Zuev
et al., 2010.]. Three different technological methods are commonly used to produce TI NWs:
photolithography, vapor transport with seed and template electro-deposition growth. The last
approach offers a less expensive and convenient way to fabricate periodically aligned NWs with
uniform diameter which is very useful for nanostructured electronic applications [Pinisetty et al.,
2011]. It also has considerable advantages over other methods in fabrication of complex hetero-
structures such as p-n junctions, interfaces with magnetic or superconducting materials.
Although no systematic study of the layered structure (Sb,Te;/Bi,Te;) in p-n junction TIs NWs
has been performed.

In this article, we present a convenient method to fabricate the p-n junction TIs NWs with defect

free interface by electrodeposition. We also discuss on comparative studies of structural and



morphological properties of Bi,Te;, Sb,Te; and p-n junction TIs NWs. We believe that our
results add a new approach for further study of interface structure in p-n junction NW. To the
best of our knowledge this is the first report on the lateral heterojunction in Sb,Te;/Bi,Te; p-n

junction TIs NW.

RESULTS AND DISCUSSIONS

Nano structural analysis of Bi2Tes, Sb2Te3; and p-n junction NWs

X-ray diffraction (XRD) patterns of Bi,Te;, Sb,Te; and p-n junction TIs NWs embedded in
polycarbonate template [Figure S1(A), (B) and (C)] show diffraction peaks of all the three
samples correspond to the rhombohedral phase with R3 space group of Bi,Te; (JCPDS card: 00-
015-0863), Sb,Te; (JCPDS: 00- 015-0874) and p-n junction. The peaks from gold (JCPDS card
00-04-0784) are clearly observed. The peak around 26 ~17.2° (shown by *) corresponds to two
peaks, one from the sample and other from the polycarbonate membrane so we decided to focus
our analysis only on pure peaks of the samples. XRD patterns of Bi,Te; [Figure S1(A)] and
Sb,Te; [Figure S1(B)] are mostly similar and there is no trace of any secondary phase was found
although broadening in the background has been detected for SboTes nanowires which could be
attributed to amorphous phase or poor crystallinity exist in the antimony telluride. The peak
(015) for both samples Bi,Te; and Sb,Te;, indicating a highly preferential orientation of the
NWs along the [015] direction and the same orientation maintained in the p-n junction NWs
[Figure S1(C)]. Figure 1A shows the comparison of XRD of three samples. In Figure 1B clearly

the strong peaks (015) of both SboTes and BioTes are well observed in the p-n junction,



indicating the nice phase separation in the sample. However, a small shift of peaks has been
found ~ 0.03° which is small enough to consider error bar in XRD analysis. Figure 1C depicts
that all observed peaks of Bi,Te; and Sb,Te; are present in p-n junction which indicating bi-
metal structure. In addition, we noticed that the peaks oriented in (110) are broader than the peak
(015) indicating a smaller crystallite size or a greater lattice strain more effective in [110]
direction. To investigate the lattice strain and crystallite size of the wires, we followed the
procedure recommended by Langford [Langford & Wilson, 1978]. Here we used the Halder-
Wagner plots for analyzing the crystallite size (Dv) and microstrain (€) of the wires (discuss in
next section microstructure analysis). Figure 1D clearly shows, for each of the three samples,
that the points are aligned along a line without y-intercept (or very small value), indicating that
the broadening is mainly due to a crystallite size effect. In that case, the Scherrer formula can
also be used to extract the average crystallite size, according to the well-known formula:
B =K A/ (D cosB)

Where K = 1.0747 is the Scherrer’s constant (in the case of the use of integral breadth () to
characterize the broadening). It can be seen that the calculated value of crystallite size agreed
well with the two approaches [Table 1] and an anisotropy in size is observed on Halder-Wagner
plots. Considering the weak intensities of the peaks, the calculated crystallite sizes should be
taken as tendency instead of absolute values, while the average value ~30 nm is well
corresponded with the diameter of the polycarbonate membrane.

Moving now to explaining the morphology and crystallinity of the BixTes, SbsTes and p-n
junction NWs. Figure 2(A-F) which clearly display the uniformity in morphology with the
smooth surface for all the three samples which makes them good candidate for future fabrication

of a nanostructured devices. High resolution TEM and SAED patterns with shiny fringes [Figure



S2 (A) and Figure S3] for BiTes shows a good crystallinity and can be indexed to the
rhombohedral crystal structure (JCPDS card no. (15-0863) with the lattice spacing of the shell is
1.49 A corresponding to the [1115] plane which is in good agreement with XRD. On the
contrary for the antimony telluride we found that most of the nanowires are completely
amorphous [Figure S4(D)]. While few of them are the mixture of amorphous and crystalline
phase [Figure S4(E)]. Notably crystalline phase corresponds to the rhombohedral crystal
structure (JCPDS card no. (15-0874) with the lattice spacing of the shell is 3.29 A corresponding
to the [015] plane which matches with the most intense peak of XRD [Figure S1(B)]. Through
careful investigation, as discuss in later section (Structural and chemical analysis of antimony
telluride), amorphous phase was also found in XRD although crystalline phase was well
observed with pure intense peaks which arouses the fact that crystalline phase could be improved
and possibly antimony telluride could be maintain the layered structure in p-n junction and
provide us with the opportunity to further investigate their electronic properties through this

structure.

Microstructure analysis

The recommended procedure:

Computing the integral breath (IB) and the full with at half maximum (FWHM) of a pseudo-
Voigt curve from the broadened profile to obtain the shape factor (Q = FWHM/IB), calculating
the breadths of the constituent profiles corrected for instrumental broadening (using NIST LaB6
standard to determine the instrumental broadening using the Caglioti function) and analyzing the
Williamson-Hall and Halder-Wagner plots [Izumi and Ikeda, 2004]. These plots are a very useful

overview of the microstructural properties of the sample, highlighting possible anisotropic



behaviour according to (hkl) planes and giving an approximate values of the crystallite size Dv
(volume-weighted average size) and microstrain € (r.m.s) for root mean square of the variation in
the lattice parameter due to the effect of several defects.

The well-known Williamson-Hall plot follows the equation:

BcosB/A=CesinB/ A +K/D (1)
A slope close to zero indicates that the broadening is due to crystallite size effect only, with
crystallites exhibiting an average spherical shape. C = 2 and K = 4/3 are recommended by Izumi
et al., assuming the hypothesis of a spherical crystallite shape [Ida et ai., 2003].

When this approach is used with Lorentzian peak shape), a negative microstrain can be
obtained that is not physically meaningful. For the determination of Dv and ¢, Halder and
Wagner [Halder and Wagner, 1966] proposed an alternative equation adapted for 0.663662<
@ < 0.93949 corresponding to the pseudo-voigt function containing the integral breadth, B* of
the reciprocal lattice point (B* = Bcos® / A ) and the lattice plane spacing, d* for the reciprocal
cell (d* =2sinB/ A) as:

(B*/d*)?>=K/D . B*/(d*)> + (2e)> (2)
The value of K = 4/3 is believed to be valid for the size (as the volume-weighted average) of
spherical crystallites [Langford and Wilson, 1978]. This equation does not contain the constant
C, for which the value is still under discussion. As our factors were calculated between (¢ <

0.63662) we selected HW method for our study.

Structural and chemical analysis of antimony telluride



In this study we have analysed the structure and the chemical composition of antimony telluride
(Sb2Tes) nanowires by using X-Ray Diffraction (XRD) and Transmission Electron Microscopy
(TEM).
Figure S1(B) shows the XRD of SboTes nanowires imbedded in polycarbonate membrane. We
can see the well-defined peaks, corresponding to the crystalline phase (JCPDS 15-0874)
excepted the broadening in background. This may be due to the polycarbonate membrane Figure
S4(B) but by careful investigation we detected the broadening in the base of the main peak (015)
which is due to the sample [Figure S4(A), inset Figure S4(B)], it can be explained by the
existence of amorphous phase in the antimony telluride. Furthermore, the composition difference
between index SbyTes; and sample observed is confirmed by EDX [Figure S4(C)] which indicates
a stoichiometry of the sample nearly SbsTe.
With (SAED) and (HRTEM) we can see that the majority of antimony telluride nanowires are
amorphous [Figure S4(D) & Figure S4(E)]. Nevertheless, a few nanowires are crystalline in the
core, as can be seen in [Figure S4(E)]. This crystalline phase corresponds to Sb>Tes phase
(JCPDS 17-0874). Some reports said that at room temperature it is common to find
noncrystalline / amorphous structure for Sb>Tes which can be transformed to the crystalline
structure by the annealing [Kim and Oh, 2010]. It has also been reported that it is difficult to
synthesize compositionally controlled crystalline Sb>Tes by electro-deposition [Lensch-Falk et
al., 2012].

Overall XRD and TEM experiments bring out the presence of both amorphous and crystalline
phases in antimony telluride nanowires however crystalline phase was dominated in XRD. It has
been also observed stoichiometric defects or impure phase in the antimony telluride which is

quite common for electrodeposition due to deposition potential and it could be improve during



the deposition. Since the electrodeposition was carried out at the room temperature which could

be the reason for amorphous phases in antimony telluride nanowires.

Layer structured p-n junction NWs analysis

Grazing incidence- XRD (GIXRD) technique was used to study the layer of Sb,Te; and BioTes
in p-n junction NW represented systematically in Figure 3A [see in Supplemental Material,
Figure S5(A) & (B)]. The p-n junction sample was made in order to obtain a layered structure as
depicted in Figure 3B and C. In this experiment we use grazing angle (o) starting from 3° to 6° to
see the layer structure in the p-n junction, Figure 3D. At ®=4° we clearly observed the peaks only
for SboTes: (PDF 15-0874), indicating the first layer of the p-n junction [Figure S6 (A)]. The
peaks for Bi;Tes (PDF 15-0683) have been found when (®) is increasing up to 5° [Figure S6
(B)]. Once () reached 7°, GIXRD shows peaks for gold (PDF 65-2870) that defines surface of
the substrate [Figure S6 (C)]. Interestingly, we can see that the crystal structure of SbaTes and
Bi>Tes in p-n junction remain the same as the pure phase, indicating that formation of p-n
junction does not lead to the formation of a ternary phase made by Sb,Te; and BixTes. No
evidence of solid solution was detected in the p-n junction which may explain the abrupt
interface between p and n-type.

To investigate the interface structure in p-n junction NWs, we performed STEM. Figure 4A
Depicts an elemental mapping by EDX of the p-n junction. STEM measurement reveals that the
NW has two compounds: SboTe, and BiTes which respectively correspond to p and n types
layered structure in p-n junction NW. Figure 4B shows the homogeneous spatial distribution of

the Bi and Sb elements in the p-n junction NW as well as the presence of Te throughout the
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whole wire. The two-contrast dark and bright were respectively found to be composed of SbaTes
and BixTes in Figure 4C due to the difference of the mean atomic numbers of both regions. This
contrast change is also observed in boundary of the NW which implies the loss of resolution at
the edge of the wire [Fang et al., 2013]. Notably, existence of lateral heterojunction (LHJ)
(SbaTes/Bi2Tes) in transition region has been observed (shown by dotted line) which was also
reported by [fei et.al, 2015]. In topological insulator physics LHJs play a more interesting role
than vertical ones because new interface state generated between two SS region in the same
plane [Hasan and Kane, 2010; Ilan et al., 2015]. Additionally, we can see the explicit interface of
the lateral layers (SboTes/BixTes) in p-n junction which proves that our strategy to control over
the mixture between two layers in transition region during the synthesis by deposing the amount
of initial precursor is quite successful.

The STEM of the p-n junction gives additional information on the interface. First, STEM-
HAADF imaging brings out the fact that the transition between bismuth telluride and antimony
telluride is sharp from a chemical point of view, clearly evidenced by the difference in contrast
between the n and the p types regions. Second, we can see that this slantwise interface is not flat
and presents some rugosity from one side of the nanowire to the other. This is clearly evidenced
by the STEM-HAADF imaging and can explain the origin of the apparent Bi and Sb intermixing
on the STEM-EDX mapping Figure 4D.

p-n junction NWs synthesis for electronic application

According to requirement of the electronic applications, we used AAO porous membrane for
getting long and perfectly cylindrical NWs and we performed SEM to investigate influences of
AAO membrane on the growth of the NWs. [Figure S7] depict that the p-n junction NWs with

large quantity obtained after dissolving the membrane illustrate the nanowires with smooth
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contours and have a narrow size distribution with a diameter around 80 nm as expected. The
length of the nanowires ranges tens of microns to few millimeters, suggesting that the 100%
growth of nanowires. Figure 5A shows the top view of the p-n junction nanowires after
dissolving the template in aqueous NaOH solution. Only a few pores remain blank. The filling
ratio is quite higher than the porosity of the template. To get single dispersed p-n junction NW
for further application followed by lithography, we used spin-coating technique (depicted as
Figure 5B). Concentrated p-n NW suspension in ethanol was diluted by about one thousand
times. The suspension was the deposited on to the silicon wafer by spin coating at the rotatory
speed of 1000 rpm. It can be noted that uniform distribution of nanowires has been obtained
Figure 5C may be due to the balance between centrifugal force and viscous force of the liquid in
the spin coating process [Xie et al., 2013]. When we increased the rotatory speed to 2000 rpm
Figure 5D interestingly a unique morphology of the p-n junction nanowires is discovered which
are referred to as zig-zag nanowires. It may be due to the viscous force which is lower that
centrifugal force due to the high rotatory speed. It has also been reported that the appearance of
zig-zag morphologies comes from the partially low surface-interfacial energy on the surface of
the droplets [Park and Lee, 2014]. Some other reports show that low surface interfacial energy
break the continuous straight growth of nanowires [Ma et al., 2004; Moore and Balents, 2007].
This cause some p-n NWs break into small pieces but still some of them have length of 5-7 um
which could be used for applications. Since NWs are completely detached with one another they
shall be used for four probe measurements followed by photo lithography which is the object of a

forthcoming publication.

CONCLUSIONS
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In conclusion, we explored the comparative analysis of structural and morphological properties
of Bi,Te;, Sb,Te; and p-n junction NWs. We have demonstrated for the first time a template-
based growth strategy for the synthesis of hetero-structure (Sb,Te;/Bi,Te;) p-n junction NWs,
employing electrodeposition as the synthesis method. We have also described the layer structure
in p-n junction NWs by GIXRD technique. Stem reveals several important points; first, p-n
junction has two compositions p and n type; second, existence of lateral hetero junction in the
transition region has been identified; third, sharp interface about < 10 nm has been explored
which was observed first time in electrodeposition template growth. Thus, we believe that the
growth of the p-n NWs with explicit interface would have profound potential for offering a
promising building block for next generation spintronics devices. Spin-coating technique has
applied for dispersing p-n junction NWs and finding individual one would be interesting for

further potential applications.

LIMITATION OF STUDY

The spin coating technique is being improved to get single dispersed nanowire for electrical
measurements followed by lithography. There fore electrical properties of the p-n junction NW

will have to be further evaluated.
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FIGURES TITLE AND LENGENDS

Figure 1. X-ray diffraction patterns of Bi2Te3, Sb2Te3; and p-n junction NWs imbedded in
polycarbonate.

(A) Combined XRD graph of Bi,Tes, SboTes and p-n junction NWs imbedded in polycarbonate
membrane note that the peaks at ~ 17° and ~ 38° correspond to the polymer and gold respectively.
Two areas (blue) between 24-30° and 40-46° 26 is taken for zoom graph for clear visibility of the
peaks of each three samples (B, C) Zoom graph of Bi;Tes, SboTes and p-n junction NWs in the
range 24-32° 20 showing peak orientation (B) in the range 40-46° 26(C). (D) Halder-Wagner

plots used to micro-strain analysis in the Bi>Tes, SboTes and p-n junction NWs.

Figure 2. SEM and STEM -BF image of Bi>Te3s NWs (a), Sb2Tes NWs (b) and p-n junction
NWs.
(A, B, C) SEM image of BioTes NWs (A), SboTes NWs (B) and p-n junction NWs (C) on silicon

wafer after dissolving the polycarbonate membrane in CH2Cl2 solution. (D, E, F) STEM-BF
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images of Bi2Te3 NWs (D), SboTes NWs (E) and p-n junction NWs (F) on carbon grid after

dissolving the polycarbonate membrane in CH2Cl; solution.

Figure 3. GIXRD of p-n junction NWs.

(A) Diagram showing the technique of GIXRD used for Bi-layer structure measurement in p-n
junction NWs. (B) model displaying growth of p-n junction NWs inside the membrane. (C)
Sketch of individual single p-n junction NW. (D) GIXRD of p-n junction NWs indicating layer

structure correspond to BixTes and SboTes. Incidence angles (w) taken from 3° to 6°.

Figure 4. Elemental mapping of p-n junction NW.

(A) Elemental mapping of the p-n junction single NW on carbon grid showing two components
SboTes and Bi;Tes respectively in single NW. (B) Bi (shown red), Sb (shown green) and Te
(shown yellow) contents of the p-n junction NW. (C) Lateral hetero-junction (LHJ) identified in
transition region in single p-n junction NW showing junction is abrupt (showed by black dotted

line). (D) Enlarge image of the interface in p-n junction NW.

Figure 5. Systematic diagram of dispersing p-n junction NWs by spin coating technique.
(A) Top view SEM image of p-n junction NWs spreading on silicon wafer after dissolving AAO
membrane in NaOH (B) Systematic diagram of spin-coating technique used for dispersing NWs
for electronic application. (C, D) SEM image of p-n junction NWs after using spin coating at

speed 1000 rpm (C) and at speed 2000 rpm (D).

TABLE
Table 1. Microstructural analysis for the BioTes, SboTes and p-n junction. Dv(HW) and Dv(S)

for volume-weighted average crystallite sizes from Halder-Wagner and Scherrer formalisms
respectively.
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Sample Dv (HW) (nm) | & (r.m.s.) Dv (S) (nm)

SboTes 24 0.0037 20

Bi,Tes 33 0 30

p-n Bi,Tes 23 0 22

junction

SboTes 30 0 30
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Materials



Bismuth nitrate (Bi(NO3);-5H,0, 99.997%, Sigma Aldrich chemicals, USA), Antimony chloride
(SbCl3, 99.997%, Sigma Aldrich chemicals, USA), Tellurium oxide (TeO2, 99.997%, Sigma
Aldrich chemicals, USA), Nitric acid (HNO3, 70% , Sigma Aldrich chemicals, USA) and sodium
hydroxide (NaOH, 98%, Sigma Aldrich chemicals, USA) were used as received. House distilled
water was further purified through a Milli-Q (Millipore) filtration system. Acetone and ethanol
were purchased from VWR. Si /SiO, were purchased from Sigma Aldrich. Anodic aluminium
oxide membrane (AAO) of pore diameter ~80 nm, pore length ~100 um was purchased from In
Redox materials innovation and Polycarbonate membrane of pore diameter ~47 nm and pore

length ~6 um was purchased from Millipore Sigma.

Synthesis of Bi,Te;, Sb,Te; and p-n junction NWs

In this work, we used two different types of membrane for template synthesis as required:
Anodic aluminium oxide membrane (AAQO) and Polycarbonate membrane. An AAO membrane
was used for NWs formation in the following manner: first, through a mask, 100 nm of Au is
sputtered on one side of the membrane using a sputtered coater (Quorum QTS50TS) at 40 mA, to
serve as a cathode (working electrode). The working electrode, is then connected with Ag paste,
to Cu leads on a Plexiglas sample holder made in house. The contact electrode is then connected,
with Au foil strips and Ag paste to another Cu leads on the same substrate. This assembly is
wrapped in Kapton tape with the working electrode is exposed by an opening previously cut in

the tape. The edges of the exposed contact electrode are sealed with nail polish. The exposed

2
area of the membrane is a 0.2 cm circle. The same protocol was used for polycarbonate
membrane [Wade and Wegrowe, 2005].

Electrodeposition of Bi,Te;, Sb,Te; and p-n junction NWs

17



These NWs were fabricated by direct-current electrodeposition into AAQO /polycarbonate
membrane sample as prepared above. The plating solution was prepared by dissolving Te, Bi and
Sb into 1 M HNO3 was mixed for 24 hours at room temperature then the solution was diluted to
desired volume with distilled water. The electrodeposition using AAO (50um thick) was carried
out at a constant potential of -62 mV for 1500 s for Bi,Te; NWs and -300 mV for 2000 s for
Sb,Te; relative to an Ag/AgCl reference electrode at room temperature while for polycarbonate
(6um thick) the constant potential was for 500s and 650s for Bi,Te; and Sb,Te; respectively. A
pure Au wire was used as a counter electrode and AAO/polycarbonate membrane was used as a
working electrode. Crystalline NWs were obtained by dissolving the AAO and polycarbonate
membrane with 2 M aqueous. NaOH solution and dichloromethane respectively. The as obtained
product is centrifuged followed by washing with deionized water three-four times. The whole
procedure is shown in [Figure S8]. For p-n junction nanowire we deposited n- type Bi,Te; with
constant potential of -62 mV, time 500s in half of the wire and another half we deposited p-type
Sb,Te; with constant potential of -300 mV, time 1000s. For polycarbonate membrane, the time
was 50 s for Bi,Te; and 100 s for Sb,Te;,

Characterizations

The structural properties of the NWs were analysed by X-ray diffraction (XRD), (XRD, D8
Advance, Bruker AXS) dedicated to thin film analysis, in a parallel beam geometry (®-20)

equipped with Cu radiation (Kol = 1.54178 A). The data collection was performed from 21 to

50, 26, with a step of 0.03° and 15 seconds per step. Phase identification was performed with the
highscore software (PANalytical) and powder diffraction files (ICDD PDF2 2004 and COD
databases) [Grazulis et al., 2009]. Morphological properties of the wires were analysed with

Scanning electron microscopy (SEM) Hitachi S-4800. The SEM imaging was performed at 10
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kV and the sample were made by a solution of NWs was dispersed in 0.5 mL of absolute ethanol.
A droplet was then drop cast onto a silicon substrate and naturally dried in air for 20 min.

Selected Area Electron Diffraction (SAED) have been acquired on a JEOL 2010F operating at
200 kV. Scanning- TEM (STEM) experiments have been performed on a probe-corrected field
emission gun FEI Titan Themis microscope operating at 200 kV (probe size 1A). This
microscope 1s equipped with the’’Super-X” detector permitting quantitative elemental mapping
of Sb, Bi and Te (Cliff-Lorimer methods) by EDX.” The sample preparation for TEM was the

same as for SEM except that the drop cast onto a Cu coated TEM grid (agar scientific.).

KEY RESOURCE TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, peptides, and recombinant proteins
Bismuth nitrate Sigma Aldrich chemicals, CAS Number
USA 10035-06-0
Antimony chloride Sigma Aldrich chemicals, CAS Number
USA 10025-91-9
Tellurium oxide Sigma Aldrich chemicals, CAS Number
USA 7446-07-3
Nitric acid Sigma Aldrich chemicals, CAS Number
USA 7696-37-2
Sodium hydroxde Sigma Aldrich chemicals, CAS Number
USA 1310-73-2
Acetone VWR CAS Number 67-
64-1
Ethanol VWR CAS Number 64-
17-5
Deposited data
Bi2Tes - crystal structure This paper JCPDS card: 00-
015-0863
SbaTes- crystal structure This paper JCPDS card: 00-
015-0874
Membrane
Anodic aluminum oxide InRedox CAS Number
1344-28-1
Polycarbonate membrane Millipore Sigma Catalog number
DTTP04700
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