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Figure SI-1.  Cross-sectional TEM image of aligned nanotube on sapphire surface. The
nanotube was grown without applying the UHV annealing. The sample was sliced normal to the
nanotube’s orientation with a FIB. The image shows that the nanotube is single-walled.



Non-annealed 633 nm 514.5 nm 488 nm

920 80
80
80F 1.46+0.21 nm 70} 1.48+0.14 nm 1.52+0.16 nm
70
70 - 60l
~ 60f = =
< o £ 50+ =
> 50 > >
o o o
5 40 § 01 5
=1 g_ 3
8 a0l § sof g
e * a0l =
10f 10
0 : = 0 . . .
05 10 1.5 i 20 25 30 0.5 1.0 15 20 25 30 05 1.0 15 20 25 3.0
SWNT diamater (nm) SWNT diameter (nm) SWNT diameter (nm)
UHV anneal for 30 min
VST r LI 90
g % Ly i sof sof
’ 1.32+0.14 nm| o 1412013 nm| ! 1.41+0.16 nm
70
60 60 F
~ 6ol
< 3 <
5 sof S o S o
8 40l § “of § “of
o
2 o0r g 30 § sofp
20 = o0f = a0f
10} 10f 10
0 ! . : 0 . . . o .
05 10 15 20 25 30 o5 1.0 15 20 25 30 05 1.0 15 20 25 30
SWNT diameter (nm) SWNT diameter (nm) SWNT diameter (nm)
90
el 80 80
1.27%+0.06 nm 20l 1.36%£0.10 nm 20l 1.36%+0.17 nm
70} °
e 6o N _eop
== =
g s0p < < sof
S 0} g 2 aof
1 3 Fl
T 30t @ ] 30
20/ - “ 2l
10+ 10+
0 . L= . , . 0 .
05 1.0 15 20 25 30 0.5 1.0 15 20 25 3.0 05 1.0 15 20 25 3.0
SWNT diameter (nm) SWNT diameter (nm) SWNT diameter (nm)
90
sl 1.46+0.34 nm| ®f 1.40%+0.20 nm| %[ 1.40+0.24 nm
701
60 |
5 g sl
ug> qg; 30
& = 0}
10+
. 0 .
05 10 15 20 25 30 05 10 15 20 25 30 05 1.0 15 20 25 30
SWNT diameter (nm) SWNT diameter (nm) SWNT diameter (nm)
90
80 80
80 1.65+0.40 nm 1.58+0.37 nm 1.48+0.35 nm
70+ 70+
70 -
60 60 F
~ 60F =
< % 50 < 0
2 50f ~ 50 3 9r
g 5 40 & 401
s S 2
g S 30 8 3of
r w
" 20f 20!}
10 10
- 0 0
05 10 15 20 25 30 05 1.0 15 20 25 3.0 0.5 1.0 15 20 25 30
SWNT diameter (nm) SWNT diameter (nm) SWNT diameter (nm)
%° 80 80
8ol 1.68+0.47 nm " 1.68%£0.40 nm » 1.71+0.42 nm
70l [
o | 6o 60
e 0 e =
- {50 < sop
5 5 40r g 4ol
] 5 3
4 b 30 g 30t
2 r o
20} “ a0l
10 10 I I I
0 0

05 1.0 1.5 20 25 30 05 1.0 15 20 25 30 05 1.0 15 20 25 30
SWNT diameter (nm) SWNT diameter (nm) SWNT diameter (nm)

Figure SI-2. SEM images and histograms of diameter distribution of nanotubes grown with Fe metal
nanoparticles treated under different annealing conditions. N =50 for each wavelength.
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Figure SI-3.  AFM images and histograms of Fe nanoparticle height. The Fe nanoparticles was first
annealed in UHV (left), and then treated in H, flow at 900 °C under atmospheric pressure (right).
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Figure SI-4. AFM images of sapphire surfaces without sputtered Fe catalyst. The AFM was
measured after annealing in UHV at 900 °C for 3h. No apparent particles are observed.
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Figure SI-5. Reliability measurement for the AFM height analysis. A calibrated Si substrate
with 0.31 nm step height purchased from NTT-AT was used to check the reliability of our AFM
setup. (a) AFM image and (b) the measured histogram of the step height. The line is a Gaussian
fitting curve. The data shows that the observed large discrepancy between the AFM height of the
Fe nanoparticle and SWNT diameter (Raman analysis) is not due to error of the AFM height.



Frequency (%)

—T 7T T T T T T T T

1 2 S 4 5
SWNT height (nm)

Figure SI1-6. Histogram of the SWNT height measured by AFM. The sputtered Fe was annealed
in UHV for 1h, and then subjected to the CVD at 900 °C. Number of counted SWNTSs is 24.
Comparison with Figure 1f indicates that the AFM height underestimates the actual SWNT
diameter determined by the Raman spectroscopy.
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Figure SI-7. Histogram of the SWNT diameter measured by Raman RBM frequency. The
sputtered Fe was annealed in low vacuum of 102 Pa for 1h, and then subjected to the CVD at 900
°C. Number of counted SWNTs is 50 and the excitation wavelength is 514.5 nm. The average
diameter and the standard deviation are 1.41 and 0.13 nm, respectively. Although the diameter
distribution is narrower than that of the SWNTs grown over the non-annealed catalyst, it is wider
than that annealed in UHV (see Figure 1f, green). This result suggests the vacuum pressure is one
of important parameters to control the nanoparticle size.
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