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	Schematic of most common approaches for preparing bimetallic CuM NW-based transparent electrodes


Metallic nanowire percolating networks are one of the promising alternatives to conventional transparent conducting electrodes. Among the conductive metals, copper appears as a relevant alternative to develop electrodes in a more sustainable and economical way (abundance of the supplies, geo-political risks regarding the supplies, environmental impact, and cost).[1]  However, Cu nanowires suffer from high instability in air, and one of the ways to increase stability as well as to boost properties related to transparent electrodes is to combine the Cu with another metal, resulting in bimetallic nanowires. Even though the field of fabrication of nanoalloys has been advancing at a rapid pace in the last two decades, binary nanowires are difficult to produce due to a wide range of parameters that must be aligned in regard to metals that are being combined. We are currently experimenting how the allowing of Cu-based nanowires with nickel can be exploited for the development of metal nanowire networks with high oxidation resistance. We report a novel synthesis and a new way of optimizing performance of a CuNi transparent electrode through enhancing interconnectivity of NWs, based on a reducing treatment at room conditions. [2]   
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The Kirkendall effect can also be used to convert the starting 
Cu NWs into a core@shell nanostructure with a textured 
and/or porous shell [39, 41]. It refers to the movement of the 
atoms of metallic species at a bimetallic interface. The 
phenomenon is observed when one of the two metals has a 
significantly higher diffusion rate than the other. It can occur, 
for instance, during galvanic replacement reaction and/or upon 
annealing treatment.  Depending on the diffusion rates of both 
metallic atoms Cu0 or M0, unexpected shell compositions and 
configurations can be formed. The atomic movement can lead 
to voids (Kirkendall voidening), and/or alloying due to 
interdiffusion. Finally, repeated occurrence of the Kirkendall 
effect can result in a generation of multilayered core@shell 
nanostructures. 



Core@shell nanostructures can also be prepared by 
electrodeposition (Fig 2 bottom left panel). The Cu NW 



templates deposited on a side of a given substrate can be used 
as nanoelectrodes to produce the CuM NWs. The reduction of 
another metal species onto the pre-deposited Cu NWs can take 
place by applying an external current output. Given the great 
enough difference in the redox potentials of the metal species, 
a galvanic reaction can also occur.  



Generally, these multi-step strategies are the most 
commonly reported ones in the literature [42]. In the next 
sections, we review some of the most common wet-chemistry 
synthesis used to prepare Cu-based NWs. 



Cu-Ni 



The most promising bimetallic NW reported in the 
literature is the composite CuNi. The interest for combining 
Cu with Ni lies in three primary reasons: 1) high abundance of 



 



 
 
Figure 2. Schematic of most commonly reported approaches for preparing CuM NW-based TEs. The bimetallic NWs are prepared either 
by a one-step approach or by a multi-step approach, upon which they are deposited onto a flexible substrate, followed by a post-treatment. 
The post-treatment enables to fuse the wire-wire junction in NW network. Scanning electron microscope image of bimetallic NW network 
deposited by spray-coating (mean NW diameter: 30 nm). 
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T he   K i r k e nd a l l   e f f e c t   c a n  a l s o  be   us e d  t o  c onv e r t   t he   s t a r t i n g 

C u  N W s   i nt o  a   c o r e @ s he l l   n a nos t r uc t ur e   w i t h  a   t e xt ur e d 

a nd/ o r   por ous   s h e l l   [ 39 ,   41 ].   It   r e f e r s   t o   t h e   m ove m e nt   of   t h e  

a t om s   of   m e t a l l i c   s pe c i e s   a t   a   bi m e t a l l i c   i n t e r f a c e .   T h e  

phe nom e n on   i s   obs e r v e d   w he n  o ne   of   t h e   t w o   m e t a l s   ha s   a 

s i gni f i c a nt l y  h i gh e r   d i f f us i on  r a t e   t ha n   t h e   ot h e r .   I t   c a n  oc c ur ,  

f or   i ns t a n c e ,   dur i ng  g a l va n i c   r e p l a c e m e n t   r e a c t i on  a nd/ o r   upo n 

a nne a l i ng   t r e a t m e nt .     D e pe n di ng   on   t h e   di f f us i on   r a t e s   of   bot h 

m e t a l l i c   a t om s   C u 0   or   M 0 ,   un e xp e c t e d   s he l l   c om pos i t i ons   a n d 

c onf i gur a t i o ns   c a n  b e   f or m e d.   T h e   a t om i c   m ove m e nt   c a n  l e a d 

t o  vo i ds   ( K i r ke nda l l   voi d e ni ng) ,   a nd/ or   a l l o yi ng   due   t o 

i nt e r di f f us i on .   F i na l l y ,   r e p e a t e d   oc c ur r e nc e   of   t h e   K i r k e nd a l l  

e f f e c t   c a n   r e s ul t   i n   a   g e ne r a t i on   of   m ul t i l a y e r e d   c or e @ s h e l l  

na nos t r uc t ur e s .  

Co r e @ s he l l   na nos t r u c t ur e s   c a n  a l s o   b e   pr e p a r e d  by 

e l e c t r ode pos i t i on   ( F i g   2   bot t om   l e f t   p a ne l ) .   T he   C u   N W  

t e m pl a t e s   d eposited on a side of a given substrate can be used 

a s   na n oe l e c trodes to produce the CuM NWs. The reduction of  

a not h e r   m e t al species onto the pre-deposited Cu NWs can take  

pl a c e   by   a pplying an external current output. Given the great  

e nough   di f ference in the redox potentials of the metal species,  

a   g a l v a ni c   r eaction can also occur.  

G e ne r a l l y, these multi-step strategies are the most  

c om m onl y   reported ones in the literature [42]. In the next  

s e c t i ons ,   w e 

r

eview some of the most common wet-chemistry 

s ynt he s i s   used to prepare Cu-based NWs. 
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T he   m ost promising bimetallic NW reported in the  

l i t e r a t ur e   i s  the composite CuNi. The interest for combini
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C u  w i t h   N i   lies in three primary reasons: 1) high abundance of  

 

 

 

F i gu r e   2.   S c he m a t i c   o f   m o s t   c om m onl y  r e por t e d  a pp r oa c he s   f o r   pr e pa r i ng   C u M   N W

-

ba s e d   T E s .   T h e   bi m e t a l l i c   N W s   a r e   p r e p a r e d   e i t h e r  

by  a   on e - s t e p  a pp r oa c h  o r   by  a   m u l t i - s t e p  a pp r oa c h ,   u pon   w hi c h  t h e y  a r e   de po s i t e d  o

nt

o  a   f l e x i b l e   s ub s t r a t e ,   f o l l ow e d  by  a   p os t - tr e a t m e nt .  

T he   pos t - t r e a t m e n t   e n a bl e s   t o  f u s e   t he   w i r e - w i r e   j unc t i on   i n   N W   ne t w or k .   S c a n ni ng e

l

ec t r on  m i c r os c op e   i m a g e   of   b i m e t a l l i c   N W   n e t w o r k 

de po s i t e d   by   s pr a y - c oa t i ng   ( m e a n   N W   d i a m e t e r :   30   nm ) .  


