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Discussion of nickel oxide nanowire/whiskers growth on the sample NCO-1/1 
There are several mechanisms of nanowire/whisker growth are presented in the lit-

erature, which can be used to describe the morphology of the NCO 1/1 sample. One of the 
currently widely used methods for the growth of nanowire/whisker is the vapor-liquid-
solid (vapor-liquid-solid) method using nanocatalysts on the substrate surface [1–3], in-
cluding for the growth of metal oxide whiskers [4]. Another way to obtain nanocrystals of 
transition metal oxides is thermal oxidation [5,6]. Thus, the work [5] emphasizes the im-
portance of the composition of the NiCr bimetal for the formation of conditions for the 
growth of NiO whiskers during oxidation, and the temperature range is important, which 
determines the way copper oxide grows in the work [6]. 

Let us consider a possible model of the formation of nanowire/whisker on the surface 
of an NCO-1/1 sample and the effect of nickel and cobalt elements on the film growth 
process. An estimate of the density of whiskers on the NCO-1/1 sample and large crystal-
lites on the CoO surface gives an identical value. Hence, it can be assumed that large CoO 
crystallites on the film surface can act as nano-catalysts for the growth of NiO whisker 
nanocrystals. However, the vapor-liquid-solid method is unlikely to be implemented, 
since the substrate temperature is 300C, which is insufficient for the formation of a liquid 
solution. It is known from the XPS results that in the sample NCO-1/1 the weight content 
of nickel is 1/6 of the mass of cobalt, while for the samples NCO-3/1 and NCO-5/1 the 
content of nickel atoms relative to cobalt is about 2/3 and 3/2 respectively. Apparently, the 
determining factor is the presence of a free surface with a given composition, which pro-
motes the growth of a whisker [5]. Aligning the ratio of nickel and cobalt atoms in the film 
changes the conditions necessary for the formation of one-dimensional growth, which ul-
timately leads to a more uniform growth of the Ni-Co-O film without the formation of 
whiskers/needles. The construction of a more detailed model of the growth of on the 
NCO-1/1 sample requires additional experiments that are beyond the scope of this work.  

The height of whiskers is close to the thickness of deposited film but not enough to 
cause any short circuits during cycling since the thickness of separator is much higher - 
25 mm. However, in case of use of liquid electrolyte whiskers might serve as centers for 
transition metal deposition and their height might augment during cycling and cause in-
ternal short-circuit. For all-solid-state thin film batteries, the thickness of electrolyte layer 
(solid electrolyte - separator layer) is much thinner than in LIBs with liquid electrolyte. 
Thus, the presence of whiskers on anode leads to the necessity of formation a thicker solid-
electrolyte layer to diminish the probability of its destruction and short circuit.  
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Figure S1. NiO XRR pattern. 

 
Figure S2. NCO-5/1 XRR pattern. 
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Figure S3. NCO-3/1 XRR pattern. 

 
Figure S4. NCO-1/1 XRR pattern. 
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Figure S5. CoO XRR pattern. 

 

 
Figure S6. Cyclic voltammetry curves of NCO-1/1 sample in 0.08–3.00V range. 
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Figure S7. SEM image of NCO-5/1 thin film at 200 kX magnification, after CV (205 cycles). 

 
Figure S8. SEM image of NCO-5/1 thin film at 97.6 kX magnification, above figure 1 area after 24s. 
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