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1 Size distributions of catalyst nanoparticles

Figure S1: Size distributions of NiRu and CoRu nanoparticles after pre-
treatement at 800 and 1000◦C.
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2 STEM-EDX study of catalyst nanoparti-

cles

Figure S2: From top to bottom: High annular dark field scanning TEM
(HAADF-STEM) images, and STEM energy dispersive X-ray spectroscopy
(STEM-EDX) chemical maps for the three catalyst systems (FeRu, CoRu,
NiRu). For each image the scale bar is 3 nm.
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A more detailed description of the catalyst and catalyst pre-
cursor syntheses and characterizations are available in ref1. The
atomic structures, morphology and composition of the Prus-
sian blue analogs used as catalyst precursors have been deter-
mined by infrared spectroscopy, X-ray powder diffraction, TEM
and SEM-EDX, demonstrating that small nanoparticles, in cu-
bic face centered structure and with an atomic composition of
Fe/Ni/Co:Ru = 1:1 have been obtained. The effective cata-
lyst nanoparticles are obtained through the pyrolysis of PBA
nanoparticles, and as we showed that diffusion of metals on the
surface is very limited during the catalyst formation process,
and that the STEM-EDX study (figure S2) shows that no phase
segregation occurs, the catalyst nanoparticles can be expected
to be close to 1:1 in metallic ratio, as the precatalysts.
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3 Methodology

Figure S3: Schematic view of the synthesis process implemented in order to
perform a parametric study.

The SWCNT growth process (including pretreatment and
growth) is performed in the d-HFCVD at 700◦C, 800◦C, 900◦C,
and 1000◦C. For each synthesis temperature, the synthesis of
SWCNTs is performed on three samples (one of each catalyst)
at the same time. Under this condition, we can analyze the ef-
fect of the synthesis temperature on the SWCNT structure for
a given catalyst (step A), or the effect of the catalyst chemical
composition for a fixed growth temperature (step B).
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4 Yield

SEM images can be used to give some indication of the cover
rate over the sample and show that our syntheses present an ac-
ceptable yield. Examples of SEM images in the case of SWCNTs
grown from FeRu for all the studied temperatures are shown in
Fig. S4. Similar results are obtained for the CoRu and NiRu
systems.

Figure S4: Typical SEM images of SWCNTs grown from the FeRu catalyst
at (a) 700◦C, (b) 800◦C, (c) 900 ◦C, and (d) 1000 ◦C. In each image, the
substrate appears to be covered by SWCNTs, with a seemingly higher yield
for growths at temperatures lower than 1000 ◦C.
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5 Reproducibility

Figure S5: SWCNT diameter distributions obtained from the FeRu catalyst
for three different syntheses at (a) 1000◦C, and (b) 800◦C. (c) Percentage
of semiconducting nanotubes obtained for three different syntheses at 800
and 1000◦C. Here, the diameter distribution was obtained through statistical
Raman spectroscopy analysis with three wavelengths (532 nm, 633 nm, 473
nm).
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6 Typical TEM images of the SWCNTs

Figure S6: TEM images of SWCNTs for syntheses at 800◦C from the FeRu
catalyst (top), and the NiRu catalyst (bottom).
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Figure S7: TEM image of SWCNTs for a synthesys at 800◦C from the CoRu
catalyst
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7 DNP/Dtube

Figure S8: Superimposed diameter distributions of FeRu catalyst nanopar-
ticles and as-grown SWCNTs (based on Raman spectroscopy) for syntheses
at (a) 800◦C, and (b) 1000◦C.

8 Bi-temperature synthesis

Figure S9: Size distributions of nanotubes grown from the FeRu catalyst
for growths at 800◦C (pretreatment + growth) (purple line), 800◦C with a
pretreatment at 1000◦C (red line), and at 1000◦C (pretreatment + growth)
(green line). Here, the diameter distributions were obtained through statis-
tical Raman spectroscopy analysis with three wavelengths (532 nm, 633 nm,
473 nm).
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9 SWCNT-FETs

9.1 Geometry

Figure S10: Schematic view of the transistor geometry.

9.2 Characterization

We check that an increased presence of amorphous carbon present
over the wafers’ surface for synthesis at low temperature is not
responsible for the higher percentage of ineffective transistor.
In Raman spectroscopy, presence of amorphous carbon can be
detected through the so-called D-band around 1350 cm−1. Gao
and co-worker, showed that for isolated SWCNTs, the full width
half maximum (FWHM) is between 20 cm−1 up to 40 cm−1 for
an excitation at 632 nm2. Picher and co-worker3, for an ex-
citation at 532 nm, reported a FWHM D-band between 50-60
cm−1 for CVD SWCNTs comparable with the FWHM D-band
of HiPco nanotubes in the same condition (FWMH 45 cm−1).
On the contrary they found a D-band FWHM in the range of
130-190 cm−1 for amorphous carbon. In our synthesis, the full-
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width half-maximum of the D-band is found between 60-80 cm−1

and no significative difference in the FWHM is observed for the
different synthesis temperature for any of the studied catalysts
(see table in Figure S11).

catalyst growth temperature FWMH (excitation at 532nm)
800 ◦C 72.6 ± 2.4

FeRu
1000 ◦C 79.9 ± 2.2
800 ◦C 59.8 ± 2.5

CoRu
1000 C 63.9 ± 5.1
800 ◦C 71.4 ± 0.98

NiRu
1000 ◦C 72.4 ± 2.66

Figure S11: (a) Percentage of transistors presenting an Ion/Ioff ratio inferior
to 10 for integrated SWCNTs grown from each catalyst at 800 and 1000 ◦C
(before electrical breakdown). (b) Percentage of transistors presenting an
improvement of their Ion/Ioff ratio superior to 103 after electrical breakdown
for integrated SWCNT grown from each catalyst at 800 and 1000 ◦C Table
Table of the FWMH of the Raman D-band of samples grown from each
catalyst at 800 or 1000 ◦C.
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Figure S12: Ion/Ioff ratio versus Ioff of FET-device after electrical breakdown
fabricated from a FeRu catalyst b CoRu catalyst c NiRu catalyst
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