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ABSTRACT 

 
Our previous work on the electrodeposition of Re alloys 

with the iron-group metals has been extanded in the present 
work to study the Re–Sn system. Sn was also codeposited 
with Re, but the resulting structure was quite different from 
that obtained with the iron-group metals. 

Core/shell structures of nanowires (NWs) were 
observed, in which crystalline Sn is the core and amorphous 
Re is the shell. A mechanism was suggested acording to 
which Sn nanowires were first grown on top of Sn micro-
particles. Next, metallic Sn reduced the perrhenate ion, 
forming a shell of Re. This mechanism was confirmed by 
electroless deposition of Re on thin film of Sn. It is 
consistant with the mechanism proposed in our previous 
work, where Ni, Co or Fe were initially reduced to the 
metallic form and further acted as a reducing agent for 
reduction of the perrhenate ion to metallic Re.  
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1 INTRODUCTION 
 
Following our recent studies of electrodeposition of 

alloys of Re with iron-group metals [1–3], we have 
investigated the generality of this process and tried to 
identify other alloying elements that would allow 
deposition of coatings with high Re content. The metals 
tested were Cu, Mn, Zn, Mg, Ce and Sn, but among them 
only Sn gave possitive results. 

Nevertheless, the process of depositing Re–Sn alloys led 
to quite different behaviour than that observed for the iron-
group metal alloys. While high content of Re in the deposits 
as well as high Faradaic efficienies (FEs) were observed, 
the texture was quite different, leading to structures 
characteristic of nanowires and nanotubes. 

Although Re NWs [4] and tin NWs [5] were produced 
separately by different techniques, Re–Sn NWs have never 
been produced before, neither by electrodeposition nor by 
any other process. The purpose of this paper is to report the 
formation of these Re–Sn NWs.  

 
 

2 EXPERIMENTAL 
 
Rhenium–tin coatings, consisted of NWs, were 

electrodeposited, without the use of any template, under a 
wide range of operating conditions and bath chemistries. 
The coatings were characterized by scanning electron 
microscopy (SEM), X-ray photoelectron spectroscopy 
(XPS), X-ray diffraction (XRD), and high-resolution 
transmission electron microscopy (HRTEM). 

 
3 RESULTS 

 
The NWs were produced by three spontaneous 

consecutive steps: (a) formation of faceted micro-particles 
of Sn, (b) formation of NWs on the surface of the micro-
particles, and finally (c) the micro-particles could no longer 
be identified by SEM, and a dense network of NWs was 
evident on the surface of the sample. SEM images of the 
coating after each step are shown in Fig. 1. Crystalline β-Sn 
with preferred orientation {101} and amorphous Re were 
detected by XRD. Metallic Re and Sn were found by XPS 
characterization of the NWs. TEM images clearly showed 
the core/shell structure. Also, the HRTEM images showed 
lattice fringes in the core, implying a crystalline structure of 
the core material, and amorphous shell, which may be 
ascribed to amorphous Re-rich phase. Furthermore, 
electroless deposition of Re on Sn thin film yielded metallic 
Re, in addition to several Re oxides.  

 
 
 

 

 

 

 

 

 

 

 

NSTI-Nanotech 2011, www.nsti.org, ISBN 978-1-4398-7142-3 Vol. 1, 2011 419



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 1: SEM images taken from three different coatings: 
(a) Sn micro-particles, (b) NWs grown on the micro-
particles, (c) NWs coating. 

4 DISCUSSION & CONCLUSIONS 
 
The Re–Sn NWs exhibit a unique Sn core/Re shell 

structure. A mechanism was suggested, according to which 
Sn NWs were first grown on top of Sn micro-particles, and 
then the Sn NWs reduced the perrhenate chemically, thus 
forming a Re-shell and a Sn-core. This mechanism was 
supported by the electroless deposition of Re on Sn thin 
film, which gave evidence to the chemical reduction of Re 
by metallic Sn. This mechanism of unique electroless 
plating in which the reducing agent is formed in situ was 
also suggested for the electrodeposition of alloys of Re with 
the iron-group metals [1–3]. Finally, Re nanotubes can 
easily be produced, by melting the Sn core. They may be 
attractive for a variety of applications, which exploit the 
unique properties of Re. However, the as-obtained NWs 
may also be useful for diverse applications due to their 
exclusive composition of two very different materials. 

 
REFERENCES 

[1] A. Naor, N. Elieaz and E. Gileadi, Electrochim. 
Acta, 54, 6028, 2009. 

[2] A. Naor, N. Eliaz and E. Gileadi, J. Electrochem. 
Soc., 157, D422, 2010. 

[3] A. Naor, N. Eliaz and E. Gileadi, Electrochem. 
Solid-State Lett., 13, D91, 2010. 

[4] A.W. Hassel, B. Bello-Rodriguez, A.J. Smith, Y. 
Chen and S. Milenkovic, Phys. Status Solidi B, 247, 
2380, 2010. 

[5] T. Djenizian, I. Hanzu, M. Eyraud and L. Santinacci, 
C.R. Chimie, 11, 995, 2008. 

 
 

(a) 

(b) 

10 µm 

(c) 

NSTI-Nanotech 2011, www.nsti.org, ISBN 978-1-4398-7142-3 Vol. 1, 2011420




