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Supplementary Information 

Figure S1 shows a schemaƟc diagram of a SiNW growth experiment in a PECVD reactor. The NW 
growth process is applied aŌer the vacuum reaches 5 × 10-5 mbar in the PECVD chamber. The 
temperature of the substrate holder is firstly increased to 200 °C in vacuum with a heaƟng rate 
about 10 °C/min for a hydrogen plasma treatment. The substrate holder usually overheats 
compared with the target temperature; therefore, we introduce the gas when the substrate holder is 
overheaƟng and wait unƟl the substrate temperature stabilizes at 200 °C, then we ignite the 
hydrogen plasma for 2 minutes. Then we increase the temperature of the substrate holder in vacuum 
with the plasma off. The hydrogen + silane plasma is started when the temperature stabilizes at about 
420 °C for a SiNW growth process for 3 minutes. Then the chamber is cooled down with a hydrogen 
flow rate of 100 sccm. When the substrate temperature is below 80 °C, we open the PECVD 
chamber to take out the sample for TEM characterizaƟon. 

 

Figure S1. SchemaƟc diagram of a SiNW growth experiment using 1 nm In/1 nm Cu catalyst in a PECVD reactor.       

 

Figures S2 and S3 emphasize the influence of the plasma. In Figure S2, one analyzes the effect of 
plasma during Step II at 420 °C, taking the 200 °C H2-plasma treatment as a reference (Figure S2a and 
d, S2a is the same as Figure 1b of the text). One compares a treatment at 420 °C for 3 min in vacuum 
(Figure S2b and e) with a H2-plasma treatment at the same temperature and during the same Ɵme 



(Figure S2c and f). The figure includes selected area diffracƟon paƩerns (SADPs) recorded in each case 
over an area of the order of the µm2, delivering characterisƟc powder paƩerns (Figure S2d-f). 

 

 

Figure S2. TEM of bimetallic catalyst NPs obtained with a nominal thickness of 1 nm In/1 nm Cu: (a,d) aŌer H2-
plasma treatment at 200 °C; (b,e) aŌer the same treatment followed by a 420 °C anneal in vacuum; (c,f) aŌer a 
H2-plasma treatment at 420 °C. (a-c) TEM images; (d-e) corresponding SADPs recorded over large areas. The 
paƩern in (d) is indexed in terms of the Cu4In-β phase (see text). Note the similarity between (d) and (e), 
signaling the absence of phase change during the annealing at 420 °C without plasma, and the difference of (f) 
with respect to the two others: with new rings, which are indexed in terms of Cu11In9, and a significantly lower 
background, signaling a decrease of amorphous structures. 

 

 In the reference 200°C H2-plasma-treated sample, this powder paƩern exhibits characterisƟc features 
of the cubic-centered Cu4In β phase: d100=0.301 nm;  d110=0.213 nm; d200=0.151 nm; d211=0.123 nm 
[1] (ICSD file #109480). Quite remarkably, this phase is normally stable above 574°C [2]. Let us note 
that these rings could also have been interpreted in terms of Cu2O or the Cu2In δ-phase, both stable 
at room temperature. However, the former is unlikely aŌer a H2-plasma treatment, and the laƩer 
would also deliver a reflecƟon at 0.26 nm, with an intensity higher than that of the 0.30 here, which 
is not detected. Thus, this normally metastable phase at 200 °C would be stabilized by the H2-plasma 
and the liquid In shell. InteresƟngly, annealing this 200 °C plasma-treated sample at 420 °C in vacuum 
does not modifies its structure, which keeps the metastable Cu4In phase (Figure S2e). In contrast, 
treaƟng a same deposit with the same H2-plasma, but directly at 420°C, delivers the Cu11In9 phase 
[Figure S2f,  (ICSD file #238715)], which also differs from the Cu7In3-δ found when SiH4 is present in 
the plasma. Let us note, in this 420 °C H2-plasma treated sample, the large decrease of the 
background signal present in both the sample treated at the same temperature without plasma 
(Figure S2e) and in that only treated at 200 °C (Figure S2d). This decrease is most likely related with 
the diffusion of a significant part of the amorphous indium, present in the laƩer case (Figure 1c in the 
paper), into the new Cu11In9  compound.     

 



In Figure S3, one compares the 2-min H2-plasma-treated nanoparƟcles (NPs) (Fig. S3c; which is fig 1b 
in the text and fig. S2a above) with a deposit that has undergone only the 2-min 200 °C treatment 
without plasma (Fig. S3b), and with the as-grown state (Figure S3a; Fig 1a of the text).  

At 200 °C without plasma (Figure S3b), the NPs have started to coalesce but much less than with 
plasma (Figure S3c), and their worm-like shape has remained similar to that in the as-grown state 
(Figure S3a).  

 

 

Figure S3. TEM images of the bimetallic catalyst NPs obtained with a nominal thickness of 1 nm In/1 nm Cu: (a) 
as deposited (Fig. 1a of the text); (b) annealed at 200 °C for 2 minutes without hydrogen plasma; the structure  
keeps including significant amounts of amorphous maƩer (most of lighter areas); (c) same treatment but with 
H2-plasma (Fig. 1b of the text). 

 

Energy-dispersive X-ray spectroscopy (EDX) was carried out on several samples. We tried, for 
instance, to record maps of the two elements in the catalysts aŌer different treatments: 
unfortunately, the beam damage was such that, most of the Ɵmes, the NPs were lost aŌer a few 
scans, making it impossible to obtain such data. AŌer treatments at 420 °C, however, some records 
could be made, presented in Figure S4. Figure S4a,b shows EDX maps of nanoparƟcles aŌer Step I (H2-
plasma at 200°C) + 420°C vacuum anneal, where a core-shell structure exists before mapping. Note 
that the elements have been mixed up by the beam, leaving only a narrow In-segregaƟon at the 
surface (Figure S4b). This mixing is consistent with the metastability of the Cu4In phase present in this 
parƟcle before the analysis (cf. Figure S3b,e). Figure S4c,d presents a staƟc analysis carried out on a 
catalyst parƟcle staying at the top of a SiNW. A quanƟtaƟve treatment of the spectrum in Figure S4d 
gives  

 



  

Figure S4. (a,b) EDX mapping of a NP in the 1-nm In/1-nm Cu deposit treated with the 200°C plasma followed by 
the 420°C vacuum annealing; (a) the EDX maps were recorded over the red square in the high-angle annular 
dark-field (HAADF) image; (b) normalized atomic amounts of Cu (in red) and In (in blue), over the profile 
indicated by the yellow rectangle in (a); the profile of the In/Cu raƟo amplifies a segregaƟon of In at the surface. 
(c,d) SiNWs grown with the same 1 nm In/1 nm Cu mixed catalyst: (c) HAADF image; (d) EDX spectrum recorded 
in the red rectangular area in (a), showing the presence of In, Cu, Si and O in the catalyst NP; the height of the Si 
peak is probably due to the addiƟon of contribuƟons from the Cu3Si part of the catalyst and from the nearby 
SiNW. 

 

Supplementary Material, Movie S1 

Effect of plasma igniƟon on Cu-In NPs observed in situ in the TEM. Catalyst NPs obtained with a 
nominal thickness of 0.6 nm In/0.2 nm Cu. Hydrogen is conƟnuously introduced in the TEM column at 
the rate of 30 sccm, which gives a pressure 2×10-2 mbar; the sample temperature is 250 °C,  

 

Supplementary Material, Movie S2 

SiNW growing in situ in the NanoMAX TEM, with a catalyst from the In-0.6 nm/Cu-0.2 nm deposit. 
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