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Unzipping Process of Wet Carbon Nanotubes Adsorbed on Cu(111) in Ultra-High Vacuum :
an STM/STS study
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Isolated single-walled carbon nanotubes (SWNTSs) adsorbed on an atomically flat and clean Cu(111) surface were
studied by means of ultra-high vacuum (UHV) scanning tunneling microscopy and spectroscopy (STM / STS) at 300
K. A dispersion of SWNTs without unzipping molecules was sprayed in vacuum. Subsequently upon annealing of 800
K atomically flat terraces were recovered. STM/STS measurements revealed that some of the SWNTs had similar
morphology and electronic local density of states as graphene nanoribbons (GNRs), indicating that the unzipping
process could occur even without unzipping molecules.
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Fig. 1. (color online). UHV-STM images of CNTs/GNRs
on Cu(111) : (a) 500X500 nm*, V,=—1 V, =40 pA, and
(b) 100X100 nm*, V,;=—1 V, =50 pA. CNT-+DCE
dispersion with 1,4-dioctyloxybenzene was sprayed. (c) En-
larged STM image of the boxed area in (b) : 10X2 nm’
Vi=—1 V, =169 pA. Two periodic patterns were ob-
served.
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Fig. 2. (color online). (a, b) UHV-STM images of (a) before
and (b) after the DMF spray on Cu(111) : (a) 100X 100 nm®,
Vi=—1 V, ;=100 pA, (b) 30X30 nm*, V,.=—1V, [=1
nA. (c) UHV-STM image of DMF sprayed Cu(111) surface
after the UHV anneal at 800 K, 30 min : (c) 100X92 nm?
Ve=—1 V, ;=100 pA. Right panels in (a—c) denote height
profiles along the arrow in each STM image and d//dV
curves. Red and black dI/dV curves in (c) were obtained at
different areas on the terrace.
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Fig. 3. (color online). (a) UV-vis-NIR absorption spectrum
of CNT dispersion with DMF. (m, n) denotes CNT chiral
index. (b—h) STM images obtained for CNTs on Cu(111)
before (b—d) and after (e-h) the UHV anneal ; (b) 500 X500
nm’, Vi=—1 V, =60 pA. (c) 50X23 nm’, V,;=—1 V,
=100 pA. (d) 10X4 nm’ Vi=—1 V, =60 pA. (e)
700X700 nm’, V,=—1 V, =20 pA. (f) Height profile
along the arrow No. 1 in (e). (g) 100X100 % Vi=—11V,
1,=90 pA. (h) 50X 50 nm’, Vi=—1V, =90 pA. (i) Height
profiles along No. 2—4 arrows.
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Fig. 4. (color online). STS measurements on isolated CNTs
absorbed on Cu(111). From left to right, STM topographic
images, dI/dV maps at —8 meV, and d//dV curves obtained
at No. 1-5 areas in the dI/dV maps. (a, ¢) 50X50 nm>,
Vi=—1V, II=1 nA, (b) 100X100 nm?*, V;=—1 V, =1
nA.
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