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Figure S1 A) Raman shift of SiC nanowires presenting anomalies caused by nanosegments of different polytypes
produced during growth because of stacking faults (SF). B) FTIR spectra spectra of freestanding SiC nanowires web.

1


mailto:damien.tourret@imdea.org
mailto:juanjose.vilatela@imdea.org

26 (Cu Ka)
28.4 35I 7 431 5q.8 58.7 66.9
m
=
o
~ 220
=
‘@
3
E 200
— 6H-SiC powder =~ — 3C-SiC powder
L ! L ]
20 25 3.0 _ 35 4.0 4.5
q (A7)

Counts

iz
Fe Fe
I T T T T T T T T T A_

3 4 3
Energy (keV)

on—

A) Synchrotron X-Ray diffraction pattern. Sample (black) compared with the powder spectrum of
6H-SiC (red) and 3C-SiC (blue) phase. B) EDX map of SiC nanowires confirming that they are composed of Si and C,
with only a thin O shell layer from the native oxide formed from exposure to air. (Fe signal in the spectrum comes

from catalyst around the sample)




Figure S3. HRTEM images of two different catalyst particles A) FFT showing a lattice spacing of of 0.198 nm (220) and 0.144
nm (400), corresponding to the intermetallic Fe;Si phase! B) Catalyst composition map showing Fe and Si as the conforming
elements and a surrounding oxide layer.
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Figure S4 Samples recollected with the mullite rod at 30 cm (position A) and 60 cm (position B) from experiments
performed at same conditions but with different concentration of N; in the carrier gas, both at total flow of 3 Ipm. For
pictures highlited in green, pure H, was used; while for pictures highlighted in organge, the carrier gas was a mixture

50%/50% of Hz and N».
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Figure S5 Samples extracted with vacuum collection system at different positions of the reactor, using catalyst
produced by ferrocene decomposition. A-B) Samples taken above the nanowire formation zone do not present
nanowires, only nanoparticles produced from pyrolysis. C-E) Samples collected in the nanowire zone or bellow present
nanowires along with other by-products.
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Figure S6 Samples collected from experiments performed at same conditions but different catalyst source, namely,
ferrocene and SG. The samples collected with both sources are fairly similar, A) Si microstructures B) SiC NW.
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Figure S7. A) Comparison of the diameter distribution of the Fe catalyst produced with SDG (dashed line) obtained with in-
situ SMPS analysis at the reaction zone, and the diameter distribution of the nanowires grown with this catalyst source
(histogram) obtained from image analysis .The SiC NW diameter matches quite well with the floating SDG Fe catalyst. B)
Diameter distribution of NWs grown with different catalyst sources, spark discharge generator (orange) and Ferrocene

Figure S8. Experiment to probe the possible deposition on the ceramic rod of Fe particles generated with SDG. Particles were
only detected at positions 1 and 3, corresponding to temperatures below 600 °C. No evidence of attached particles were
found on the section of the ceramic rod at a tempearure corresponding to the “Reaction zone”
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Table S1 VLS Growth rate comparison between substrate assisted CVD and this work

Synthesis method Tem_p. and Precursors Catalyst Special observations ASP.ECt GrOWt!‘ time Growth rate Reference
carrier gas ratio (min) (nm/s)
CVvD 1200 °C, H, SiCl, (g) + Active carbon (s) Fe Grown in activated carbon pores 750 90 1.4 Meng 1998 [?]
Hot filament CVD 1000 °C, H, Si (s) + graphite (s) Ni, Cr, Fe impurities Low pressure 50 120 0.1 Zhou 1999 [3]
Therrrzg:_:)eatlng 1100 °C, Ar Si substrate (s) + graphite (s) Ni WO; to reduce graphite 2143 180 6.9 Park 2004 [4]
CVD 1300 °C, Ar I-PS (1) + Active carbon (s) Fe Polymer precursor 66667 180 925.9 Li 2009 [°]
CvD 1150 °C, H, HMDS (1) Ni 500 30 13.9 Panda 2010 [®]
cvD 1500 °C Si (s) + graphite (s) Fe 333 360 2.3 Wu 2012 [7]
cVvD 1250 °C, H, SH4 (g) + CH, (g) Fe 1000 5 166.7 Attolini 2014 [8]
Hot filament CVD 1400 °C, Ar Si (s) + Active carbon (s) LaNis Catalyst enhancer 375 120 1.0 Rajesh 2014 [°]
CVD 1100 °C, H, Si substrate (s) + CH, (g) Fe, Ga, GaN Catalyst enhancer 12500 45 185.2 Kim 2002 [1°]
. N .
Thermal heating 1550 °C, Ar " olvsilazane g(r:;ph'te substrate Al low pressure 300 30 16.7 Zhang 2010 [1]
R Floating catalyst- continuous .
FCCVD 1200 °C, H, HMDS (1) Fe 1871 0.15 3646 This work

synthesis




Table S2. Calculated composition of points (a) through (e) in Fig. 6b, in atomic fraction. Point (c) is calculated from
thermodynamic equilibrium of Liquid with FCC phase at composition (b), while compositions (b) and (d) are calculated by addition of C
and Si from points (a) and (c), respectively, with a C:Si ratio of 1:3 corresponding to HMDS.

Phase X(Fe) X(Si) X(C)
a 1.0 0.0 0.0
b 0.906 0.0235 0.0705
c 0.832 0.0202 0.1475
d 0.814 0.0248 0.1615
e 0.693 0.273 0.034

Length Measurement:

Determining the length of high aspect ratio nanomaterials is established as a long-standing challenge.
Despite extensive research on CNTs produced by FCCVD, the only reported estimates of length are a
calculation based on the number of ends found in a sample,’? and indirect measurements using
polarised IR spectroscopy.® The high aspect ratio of the nanowires in this work makes TEM unsuitable
for length measurements. Observation under TEM requires the material to be very thin, essentially as
individualised NWs. This implies that they need to be fully dispersed in solvents and then deposited
on TEM grids, without shortening them. Previous work on CNTs, SiNWs and now SiCNWs has proven
this method unsuccessful. Instead, taking advantage of the relatively large diameter of SiCNWs, we
directly image them by high resolution SEM. In this pristine sate though, the NWs are highly entangled,
requiring extensive observation to identify NWs with their whole length exposed.

To measure the mean length we used a web collected with the ceramic rod which was then introduced
in isopropanol, subjected to mild sonication for 3 minutes. After sonication, a droplet of the material
was deposited on top of a flat substrate. Multiple high-resolution images were taken and joined
together to create a high quality maps of the nanowire networks, as shown in the example in Figure
3c. Next, the resulting image was visually inspected to identify nanowires whose entire length could
be resolved, typically corresponding to those on top of the network and/or near its edges. Their length
was determined using Image J. Fig S9 shows an example. This process was applied to five different
samples, and a total of 170 nanowires.



B

A) Average NW B) Longest NW

Figure S9. Example of a nanowire with average length and diameter (a) and a SEM micrograph map of the
longest nanowire found in sonicated samples synthetised at standard conditions (L =123 pum, D =55 nm).
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Figure $10. Length of NW collected by the ceramic rod at different experiment times. Standard synthesis
conditions were used in all experiments shown.
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By-product analysis:

Figure S11 shows examples of high resolution TEM images of the principal solid by-product of the
reactor, their FFT confirms the composition as c-Si and amorphous Si-C nanoparticles with some SiC
crystalline phases. Examples of samples collected with ceramic rods at different experimental
conditions, and the Raman spectra of their different solid products are shown in Figure S12.

Solid reaction products

c-Si

SiC NWs

a-C
a-SiC NP

Figure S11. TEM micrographs of the different solids produced at different reaction temperatures and collected
on a ceramic rod instered in the reactor tube: Si nanoparticle aggregates, SiC nanowires and SiC/C soot.
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Solid reaction products

Variahle — — —
Nominal Temperature 1300 °C 1300 °C 1250 °C 1300 °C
Carrier gas flow 3lpm 31lpm 3lpm 3lpm
% H2 in carrier gas 100 % 100 % 100 % 90 %
Precursor injection rate 0.5 ml/h 0.5 ml/h 0.5 ml/h 0.5 ml/n
Catalyst Source Ferrocene SDG SDG SDG
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Figure S12. Raman spectra of the different solids produced at different reaction temperatures and collected on
a ceramic rod instered in the reactor tube. The composition of the solid products is the same for the range of
synthesis conditions studied (Ferroce or SG as catalyst source, 1300 C or 1250 °C, and carrier gas with 10% of

nitrogen), although their concentrations may differ.

Sample Collection systems

The ceramic rod and vacuum filter used in this work are expected to have very different collection
efficiencies for the different solid particles formed in the reaction. Nanowires, particularly those of
high aspect ratio can aggregate, entangle in the gas phase and attach to the surface of the ceramic
rod and/or the reactor tube walls. Soot particles are less prone to aggregation and instead more likely

11



to be collected by the vacuum system. Hence the observation that the material collected on the
ceramic cold finger has a higher fraction of NWs than that collected at the cold end of the reactor with
the vacuum system. Save for recent work on the formation of carbon nanotube aerogels,'>1¢ the
dynamics of high aspect ratio nanoparticles floating in a gas stream is a largely unresolved problem.
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Figure S13. Reactor configuration. Pointed lines represent collection systems that are not used at the same
time. Dash lines represent the configuration used when ferrocene is used instead of spark generation to
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