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ABSTRACT: Ultrathin film preparations of single-walled carbon
nanotube (SWNT) allow economical utilization of nanotube properties in electronics applications. Recent advances have enabled
production of micrometer scale SWNT transistors and sensors but
scaling these devices down to the nanoscale, and improving the
coupling of SWNTs to other nanoscale components, may require
techniques that can generate a greater degree of nanoscale geometric
order than has thus far been achieved. Here, we introduce linkerinduced surface assembly, a new technique that uses small structured DNA linkers to assemble solution dispersed nanotubes into
parallel arrays on charged surfaces. Parts of our linkers act as spacers to precisely control the internanotube separation distance
down to <3 nm and can serve as scaffolds to position components such as proteins between adjacent parallel nanotubes. The
resulting arrays can then be stamped onto other substrates. Our results demonstrate a new paradigm for the self-assembly of
anisotropic colloidal nanomaterials into ordered structures and provide a potentially simple, low cost, and scalable route for
preparation of exquisitely structured parallel SWNT films with applications in high-performance nanoscale switches, sensors, and
meta-materials.
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scales have proven elusive. Alternatively, we previously attached
SWNTs to self-assembled DNA origami templates that can
have sub-10 nm feature resolution,24 but this increases
complexity and cost; the ordered structure cannot be larger
than the limited size of the DNA nanostructure and the
chemical and geometric details of wire-template attachment
introduces 10 nm scale uncertainties in wire spacing. Thus,
both top down and bottom up methods have notable
shortcomings.
Our new linker-induced surface assembly (LISA) process
combines top down and bottom up forces to assemble
ultradense parallel SWNT arrays. In the LISA process, pristine
SWNTs are sonicated in an aqueous salt solution with
multidomain DNA linkers (Figure 1a) that cooperatively
disperse each nanotube via noncovalent wrapping of single
stranded DNA1,25 around the nanotube sidewall. The resulting
colloid (Figure 1b) can remain stable for weeks under ambient
conditions, but the DNA-SWNTs will deposit onto charged
substrates in the presence of divalent counterions, which form
salt bridges26 between nanotube-anchored DNA linkers and

he self-assembly of solution dispersed single-walled
carbon nanotubes (SWNT)1 and other geometrically
anisotropic colloidal nanomaterials2,3 into ordered arrays4,5
requires alignment and orientation of irregularly shaped
nanoscale objects along multiple axes to achieve particular
desired arrangements. Satisfactory general solutions could
enable scalable and economical continuous manufacturing
processes that use liquid phase handling1,6 to take bulk
synthesized nanomaterials through multiple stages of chemical
modification7 and purification8,9 before incorporation into real
products as high performance nanostructured elements.5,6,10
An important example of anisotropic nanoassembly is the
arrangement of nanowires11 and carbon nanotubes5 into
monolayer parallel arrays, which can maximize packing density
without compromising each wire’s electrical isolation and
accessibility, thus enabling defect tolerant nanofabrics12−14 and
other technologies with transformative logic, memory, interface,
and sensor applications.15−17 Existing top down methods can
create parallel arrays from solution-dispersed nanowires or
SWNTs by applying alignment forces during deposition or film
formation,18−21 or by creating chemically patterned deposition
substrates,22,23 but array densities greater than 30 μm−1 (vs
∼1000 μm−1 maximum possible density for SWNTs) have not
been achieved, and control over wire spacing at sub 100 nm
© 2012 American Chemical Society
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Figure 1. The assembly process. (a) Structured DNA linkers are combined with unmodified SWNTs and sonicated to produce (b) SWNTs with
noncovalently anchored DNA linkers. (c) Upon deposition, the nanotubes can diffuse along the surface and assemble into (d) parallel arrays. The
DNA duplex in each linker positions itself between the adjacent SWNTs as a rigid spacer.

deposited SWNTs under these conditions revealed substantial
surface movement, while larger multinanotube assemblies
appeared to have substantially lower surface mobility than
individual SWNTs (Supporting Information Figure S1). When
mica substrates with SWNTs incubated under NaCl were
washed in 1xTAE Mg buffer and imaged with the addition of 1
mM Ni Acetate (known to inhibit DNA surface movement), we
found that the majority of nanotubes had assembled into
structures composed of two or more parallel SWNTs
(Supporting Information Figure S2). This occurred regardless
of nanotube concentration on the mica surface or the presence
or absence of perturbation by tapping mode AFM. Interestingly, varying the NaCl concentration and the surface density of
deposited SWNTs seemed to have little effect on the width of
the SWNT arrays (2 to 6 SWNTs on mica). We suspect that
the nonlinear drop in surface mobility observed for multinanotube arrays may be a self-limiting mechanism for the array
size. Taken together, these observations strongly suggest that
SWNTs assemble due to surface diffusion.
In addition to Muscovite mica, we also experimented with
array assembly on substrate-supported Dipalmitoylphosphatidylcholine (DPPC) lipid bilayers.27 These bilayers can form on a
variety of substrates, are compatible with lithographic
patterning, and are frequently used to model biological
membranes. At room temperature, DPPC bilayers are in the
solid phase (Tm = 41 °C) with a smooth surface composed of
densely packed polar headgroups that allow counterion
mediated surface diffusion of DNA modified SWNTs. The
adhesion of DNA-SWNTs to the bilayer surface seems very
sensitive to NaCl concentration. In the presence of 1xTAE Mg,
all SWNTs desorbed from the surface when the solution
concentration of NaCl exceeded 0.45 M. This suggests that
even relatively large SWNT arrays may have some degree of
surface mobility on DPPC at ∼0.45 M NaCl concentrations.
This makes it easier to control array diffusion and assemble
wider arrays, and we were able to produce parallel SWNT
arrays up to 11 nanotubes wide by incubating SWNTs under
1xTAE Mg + 0.35 M NaCl buffer at room temperature
(Supporting Information Figure S3).

surface charge groups. When monovalent counterions are then
introduced to the deposition droplet, the DNA-SWNTs diffuse
in 2D along the deposition surface (Figure 1c) (likely due to
disruption of salt bridge interactions26). Under surface
confinement, weak dispersive interactions between DNA
linkers on one nanotube and the sidewall of neighboring
nanotubes can cooperatively induce assembly of parallel
SWNTs arrays. The double-stranded domains of the DNA
linkers then sit between the adjacent nanotubes to keep them at
a fixed distance, resulting in arrays with uniform pitch (Figure
1d).
We first discovered the self-assembly process when
examining SWNTs dispersed using DNA oligonucleotide
linkers possessing both single-stranded and double-stranded
domains (Figure 1a). Deposition of nanotubes bearing 20 base
pair DNA duplexes on Muscovite mica at near monolayer
surface coverage under 1xTAE Mg buffer (10 mM tris acetate, 1
mM EDTA, 12.5 mM magnesium acetate in water) resulted in
formation of a large number of dimers and trimers of parallel
SWNTs. The internanotube separation appeared to be uniform
(∼ 7 to 9 nm from center to center). When the process was
repeated at lower surface concentration of SWNTs or in the
presence of 1 mM Ni acetate (known to inhibit DNA duplex
mobility on the mica surface26), there were far fewer assembled
nanotubes. Since we had observed that DNA dispersed SWNTs
under 1xTAE Mg buffer can move on the mica surface as they
are imaged by tapping mode atomic force microscopy (AFM),
we hypothesized that the dimers and trimers might be forming
via association of neighboring SWNTs on the deposition
substrate.
To test the surface assembly hypothesis, we experimented
with a procedure aimed at encouraging surface diffusion. Past
studies 2 and our experiences have shown that DNA
nanostructures adhering to mica under Mg2+ solutions can
exhibit substantial surface diffusion in the presence of a high
concentration of Na+, which disrupts mica-Mg2+ -DNA salt
bridges. To utilize this effect, we first deposited the DNASWNTs using 1xTAE Mg buffer, and then we replaced the
solution covering the substrate with phosphate buffered NaCl
at 0.75−2 M concentrations. Tapping mode AFM images of
1130
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Figure 2. Tapping mode AFM showing topography of SWNT arrays on mica under fluid. (a,d,g,h) Arrays formed with 7 bp DNA spacers. (g,h) The
5 SWNT array from panel d with the dashed lines in panel h representing the approximate positions of the SWNTs. The measured array pitch was
determined to be less than 3 nm. SWNT arrays with 20 bp (b,e) and 60 bp spacers (c,f) have array pitch of ∼8.5 and ∼22 nm, respectively. (i) The
structure of DNA linkers with 7, 20, and 60 bp. Notice that the linker with the 7 bp spacer is a hairpin while the larger linkers are constructed from 2
strands.

of DNA-SWNTs with the mica surface. After ∼2.5 h, the
clamped surfaces were carefully peeled apart. AFM scans
showed that a large number of SWNT arrays transferred onto
the glass surface while maintaining their parallel structure and
uniform pitch of ∼8.3 nm. While stamping from the DPPC
surface resulted in transfer of some DPPC patches along with
the nanotubes, transfer from mica was relatively clean
(Supporting Information Figure S5). This demonstrates a
simple method for transferring assembled arrays onto silica
based substrates suitable for lithographic device fabrication.
Supporting Information Figure S6 shows a high-resolution
AFM scan of a SWNT dimer assembled using DNA linkers that

Since DNA-modified SWNTs adhere to the negatively
charged mica and polar DPPC surfaces via relatively weak
Mg2+ mediated electrostatic interactions, we reasoned that a
surface with densely packed positive charges might adhere
more strongly to the DNA phosphate backbone groups and
out-compete mica and DPPC for retention of assembled arrays.
Thus, we clamped (Supporting Information Figure S4) mica
and DPPC substrates carrying assembled SWNT arrays onto γamino propyl silane functionalized glass slides (Corning Life
Sciences), which had a high surface density of positively
charged primary amine groups. To facilitate the transfer, we
first added NaCl to the assembly substrates to weaken binding
1131
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Figure 3. Tapping mode AFM of SWNT arrays with biotin-modified 60 bp spacers and attached Streptavidin proteins on mica under salt buffer
solution. The boxed area in panel a is magnified in panel b. Streptavidin proteins (bright spots) are seen on DNA duplexes bridging adjacent
SWNTs. Note that some Streptavidin proteins are attached to DNA duplexes that are pointing away from the adjacent SWNT. (c) The position of
the biotin linker on the modified DNA linker.

Approximately 82% of nanotubes with 20 bp spacers and
52% of nanotubes with 60 bp spacers assembled into parallel
arrays (Supporting Information Table S1). This resulted in the
formation of arrays with ∼2.9, ∼8.5, and ∼22 nm pitch, as
measured by AFM. To our knowledge, the ∼2.9 nm arrays
(Figure 2a,d,g,h) represent the highest density packing of
parallel SWNTs achieved to date (∼345 SWNTs μm−1).
Although the limitations of our AFM prevented consistent
resolution of 7 bp and 20 bp spacers, the 60 bp spacers were
clearly imaged (Figure 2f). Most spacers between adjacent
SWNTs spanned the gap from one nanotube to the next, thus
giving strong evidence for the hypothetical structure depicted in
Figure 1d. Interestingly, most of the 60 bp spacers appear to be
oriented nearly perpendicular to the axis of their nanotubes. To
better understand the interaction of our DNA linkers with the
SWNT sidewall, we attempted array assembly for HiPco29 P2
SWNTs (Carbon Solutions Inc., Riverside, CA) using a series
of linkers possessing 30 nt anchor, 20 bp spacer, and 0, 5, 7, 9,
or 11 nt toehold domains. Using identical procedures, we also
attempted to array assembly using P2 SWNTs dispersed with
single-stranded DNA. As expected, SWNTs dispersed using
single-stranded DNA did not assemble into parallel arrays. For
linkers with spacer domains, all toehold lengths resulted in
array assembly. The portion of nantoubes that assembled into
arrays increased with toehold length (Supporting Information

possessed 20 bp spacer domains. This scan revealed a ladderlike
structure with dense “rungs” connecting adjacent parallel
SWNTs. From our previous work,24 we knew that the 30
nucleotide (nt) long polythymine dispersal domains of our
linkers likely adsorbed strongly onto the SWNT surface. We
also knew that our duplex spacer and short toehold domains
(Figure 1a) likely remained free from the nanotube surface
(Figure 1b). Of the two, the duplex is the only one large
enough (6.8 nm) to appear as the ladder rungs in Supporting
Information Figure S6. Thus, we suspected that the DNA
duplexes were situated between the SWNTs as rigid spacers
while the toeholds adsorbed weakly onto accessible sidewall
surfaces on the adjacent nanotube. Together, the rigid
separators and sticky ends of numerous DNA linkers along
each DNA-SWNT can cooperatively induce the assembly and
alignment of diffusing SWNTs and keep them at a uniform
internanotube separation. If true, then the array pitch should
closely correlate with the length of the DNA duplexes.
To test the above hypothesis, we created DNA linkers with 7
bp (2.38 nm), 20 bp (6.8 nm, and 60 bp (20.4 nm) long duplex
domains and used them to assemble arrays of CoMoCat
SWNTs28 (Southwest Nanotechnologies Inc., Norman, OK)
(Figure 2) (the linker with the 7 bp spacer was formed from a
single hairpin DNA due to energetic stability considerations;
see Methods and Materials for detailed explanation).
1132
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Table 1. Sequences of DNA Strands
strand
7 bp hairpin linker
20 bp anchor side
20 bp toehold side:
0 base toehold
5 base toehold
7 base toehold
9 base toehold
11 base toehold
60 bp anchor side
60 bp toehold side; no
biotin
60 bp toehold side;
internal biotin

sequence

special instructions

5′-GCCGGGCTTTTTTTTTTTTTTTTGCCCGGCTTTTTTTTTTT TTTTTTTTTTTTTTTTTTT-3′
5′-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGTTGCGAGGTCT TGCCGACA-3′

standard desalting
standard desalting

5′-TGTCGGCAAGACCTCGCAAC-3′
5′-TTCGTTGTCGGCAAGACCTCGCAAC-3′
5-TTTTCGTTGTCGGCAAGACCTCGCAAC-3
5′-TTTTTTCGTTGTCGGCAAGACCTCGCAAC-3′
5′-TTTTTTTTCGTTGTCGGCAAGACCTCGCAAC-3′
5′-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGTTGCGAGGTCT
TGCCGACAACGAAAATTTTCGTTGTCTCTATCCCATTGGATAGAGACA-3′
5′-TTTTCGTTGTCTCTATCCAATGGGATAGAGACAACGAA
AATTTTCGTTGTCGGCAAGACCTCGCAAC-3′
5′-TTTTCGTTGTCTCTATCCAATGGGATAGAGACAACGAAAA/iBiodT/
TTTCGTTGTCGGCAAGACCTCGCAAC-3′

standard desalting
standard desalting
standard desalting
standard desalting
standard desalting
ultramer, no
purifiaction
ultramer, no
purifiaction
page purified

dimensional rods with extreme length to width ratio), surface
confinement can limit the orientation and conformational
freedom of anisotropic nanomaterials and their conjugated
linkers to allow rapid assembly of arrays not easily obtainable in
three dimensions. Second, it may be possible to corral surface
diffusion using top-down alignment forces5,6,20 or micro or
nanoscale surface patterning,22,23,32 and this may allow control
over array alignment, placement, and size.
A key enabler of the LISA method is the use of structured
DNA linkers. Although single-stranded DNA has long been
used in colloidal nanoassembly,33,34 only recently have we24
and others35 begun utilizing rational design of secondary and
tertiary structure to control the kinetics of the assembly process
and the geometry of the resulting structures. In the present
study, the duplex spacer and single-stranded toehold domains
influence solution phase aggregation and surface diffusion, drive
surface assembly, determine array geometry, and provide
scaffolding for additional modifications. It may be possible to
develop LISA-like assembly processes for other anisotropic
nanomaterials by designing conformational mismatches and
entropic barriers that can be alleviated by surface confinement.
Indeed, surface-mediated assembly has recent been achieved for
pure DNA nanostructures.36
Parallel SWNT arrays with sub-20 nm uniform spacing
present new opportunities in basic and applied nanoscience.
Uniformly metallic or semiconducting SWNTs8,37 arrays may
substantially improve the performance of SWNT based
nanoelectronics.38 Further improvements in the assembly
technique could allow the implementation of nanofabric type
architectures12,16,39 at densities approaching 1 device every 10
nm2. The use of ultradense SWNT arrays to create electronic or
optical metamaterials should also be considered. Indeed
theoretical calculations have shown40 that the application of
superlattice electrical potentials with 10 nm scale periodicities
to graphene could lead to supercollimation of electrons
propagating in graphene in the direction of the periodicity,
and experimental measurements have shown SWNTs to be
ideal excitonic optical wires that can exhibit optical coupling
when arranged in parallel.39 Finally, the macromolecular scale is
the operating scale of biological machinery. Recent developments41−44 suggest an emerging convergence of nanoelectronics and single molecule biophysics. SWNTs have advantageous geometric and chemical properties for applications in
bioelectronics.42,43,45,46 Arrays assembled with LISA can have
nanotube spacing adjusted to match the size of biomolecular
components and their integral DNA spacers can scaffold

Table S1), and the highest assembly efficiency of 67% was
achieved using 11 nucleotide long toeholds. However, SWNTs
dispersed with 11 base long toeholds were also more prone to
aggregation while in solution.
Surprisingly, DNA linkers without toeholds were also able to
induce formation of parallel arrays. We believe that three types
of sticky end interactions may have contributed to SWNT
assembly. First, we did not purify the synthesized oligonucleotides. Thus, linkers composed of truncated DNA strands would
have been present in solution, and some of these may have had
dangling single-stranded DNA on the end of the spacer
domain. Second, the terminal A-T base-pair on the duplex
spacer is unstable at room temperature. Thus, one or more base
pairs may be able to dissociate and adsorbed onto the sidewall
of the SWNT. Finally, DNA duplex blunt ends may have
favorable dispersive interactions with the SWNT sidewall. This
may also contribute to the nearly perpendicular orientation of
DNA spacers relative to the axis of assembled nanotubes.
With the structures of the arrays known, an unresolved
question is why DNA-SWNTs can remain dispersed in solution
but assemble after deposition. We do not yet understand the
detailed causes. However, as our experience with the 11 nt
toehold linkers demonstrates, a likely significant factor is the
weakness of individual toehold−nanotube interactions and the
resulting requirement for cooperation between linkers to
induce nanotube assembly. On the deposition substrate, the
confinement of DNA linkers to the plane of the substrate may
then favor the cooperative toehold-sidewall sticky interactions
necessary for assembly.
DNA spacers in the assembled arrays offer convenient
scaffolds for arrangement of heterogeneous molecular, macromolecular, and nanoscale components between parallel
SWNTs. To demonstrate this we modified the 60 bp spacer
by changing one of its internal dTs to a biotin linked dT. The
position of this modification (35th base-pair from the base of
the toehold) puts it ∼12 nm from the toehold side and ∼8.5
nm from the anchor. We found that SWNTs with the
biotinylated linker assembled on mica without issue. When
Streptavidin was added to assembled arrays (∼18 nM
concentration), they attached to DNA spacers at the designated
positions between adjacent SWNTs (Figure 3).
Conclusion. LISA opens a new route for using DNAdispersed SWNTs to produce parallel SWNT arrays with
diverse applications. Unlike other methods,2,4,30,31 surface
diffusion plays a central role in the LISA process. This has
two advantages. First, as is the case with SWNTs (flexible one1133
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replacement of the solution with the 1xTAE Mg and Ni
acetate solution as described above.
Preparation on DPPC. DPPC was dissolved in 0.2 M NaCl
and 0.01 M mono and di sodium phosphate buffer (∼pH 7.5)
at 25 mg/mL concentration and ∼50 nm wide liposomes were
formed via either extrusion or sonication using standard
methods. The stock solution can be stored at 4 °C for 2
months. Immediately before formation of the bilayer, the stock
solution is diluted to 2.5 mg/mL concentration in either 1xTAE
mg buffer or in 2 mM CaCl2, 0.2 M NaCl and 0.01 M mono
and disodium phosphate.
For the substrate, glass coverslips or silicon wafers with
native oxide are cleaned and cleaved into ∼4 cm2 pieces.
Immediately before deposition of lipids, the coverslips are
treated to increase their hydrophilicity. (Thirty microliters of
spectroscopy grade ethanol is added to each cut piece, ignited
with a butane lighter, and allowed to burn. This can be repeated
one or two times as needed.)
A sample size of 50 to 100 μL of 2.5 mg/mL DPPC is then
added to the piece, which is then sealed in an airtight chamber
and incubated in a PCR thermal cycler for 30 min at 50 °C.
The temperature is then lowered to room temperature at a rate
of 1 °C every 10 s. The glass or silicon substrate is then washed
with 1xTAE Mg + 0.35 M NaCl buffer without exposing the
surface to air (a good method is to remove 50 μL from the
droplet with a pipet, add 50 μL of the washing solution, and
repeat 5−10 times). Finally, 50 μL of 1xTAE Mg + 0.35 M
NaCl buffer is left on the substrate.
Twenty microliters of dispersed SWNTs in 1xTAE Mg is
added to the 50 μL droplet and the substrate carrying the
SWNT solution is allowed to incubate at room temperature in a
wet chamber for at least 2 h. The substrate is then imaged
under 1xTAE Mg + 0.35 M NaCl buffer.
Addition of Streptavidin. For Streptavidin binding,
substrates with well-formed SWNT arrays are washed and
covered with 50 μL 1xTAE Mg. A 10 μL droplet of 200 nM
Streptavidin in 1xTAE Mg is then added and the mixture is
allowed to incubate at room temperature in a wet chamber for
1 h.
Stamping. For stamping the SWNTs formed on mica are
covered with 1.5 M NaCl, 0.1 M Na2HPO4 buffer and clamped
tightly to a piece of GAPS II microarray slide from Corning Life
Sciences for 2 h.
For stamping the SWNTs formed on DPPC, well-formed
SWNTs were covered in 1xTAE Mg + 0.35 M NaCl buffer and
clamped to GAPS II microarray slides in a similar fashion. (See
Supporting Information Figure S6.)
AFM Imaging. Images were collected by a Veeco (Plainview,
NY) Nanoscope III system equipped with a fluid cell and a J
scanner. The AFM was operated in tapping mode using Veeco
SNL silicon nitride soft contact mode AFM tips (2 nm nominal
tip radius, smaller cantilevers used). Amplitude set point was
typically ∼0.4 V, drive amplitude ∼50 to 200 mV, integral gain
of 0.3 to 0.5, frequency ∼10 kHz, and scan rate is typically 2 to
6 Hz.

biomolecule placement. We believe that this may enable the
assembly of new bioelectronic (Supporting Information Figure
S7) or nanofluidic (Supporting Information Figure S8)
interfaces for sensing or processing biomolecules.
•
Methods and Materials. Materials. CoMoCat
single-walled carbon nanotubes were purchased from
Southwest Nanotechnologies (Norman, OK) in powder
form and used as received. Alternatively, P2 SWNTs can
be purchased from Carbon Solutions (Riverside, CA).
• Custom DNA was ordered from Integrated DNA
Technologies (Coralville, Iowa), dissolved in Milli-Q
water and kept frozen at −20 °C. Sequences are listed in
Table 1.
• Dipalmitoylphosphatidylcholine (DPPC) was obtained
in powder form from Avanti Polar Lipids (Alabaster,
Alabama).
• GAPS II microarray slides were obtained from Corning
Life Sciences (Lowell, Ma).
Formation of DNA Linkers. DNA linker strands are added to
∼33 μM concentration in 500 μL of 1xTAE Mg buffer (10 mM
tris acetate, 1 mM EDTA, 12.5 mM magnesium acetate). When
two strands are used for the linker, the toehold side strand is
added at 10% excess to the anchor side.
The linker solution is then partitioned into 100 μL aliquots
and annealed in a PCR thermal cycler (95 °C for 1 min, then
cool to 20 at 1 °C per minute).
Dispersal of SWNTs. The annealed linkers are added to
∼0.5−1 mg of SWNTs in a 1.6 mL PCR tube. This solution is
then sonicated for ∼60 min in a Branson 2510 bath sonicator
until the SWNTs are dispersed. For this operation the water
level in the sonicator can be reduced from the standard
operating level to increase applied power.
Following sonication, the SWNT linker solution is
centrifuged at 16 000 g at 4 °C for 90 min. The supernatant
is recovered and the retenate is discarded.
The dispersed SWNT solution can remain stable at 4 °C for
up to 1 month. The 100 μL aliquots can be stored indefinitely
at −80 °C.
Assembly of CoMoCat SWNTs on Mica. A sample of 2.5−
20 μL of dispersed SWNTs were added to ∼4 cm2 pieces of
Muskovite mica, then 1xTAE Mg is added to bring the drop to
20 μL. After 5 min at room temperature, 80 μL of solution
containing 1.5 M NaCl and 0.1 M Na2HPO4 is added to the
existing droplet. (The exact concentration of NaCl does not
seem to significantly affect the assembly process. NaCl (0.5 to
>2 M) with either no buffer, or 1xTAE, or 0.01 to 0.1 M
Na2HPO4 will all work).
Assembly is not very sensitive to incubation conditions. Best
results were achieved for 30 min incubations at 40 °C. But
room temperature incubations from 15 min to 12 h will
generally result in good assembly as long as measures are taken
to prevent drying of the deposition droplet.
For stable imaging using fluid mode AFM, the buffer is first
exchange to 1xTAE Mg by removing 50 μL from the droplet
using a pipet, then adding 50 μL of 1xTAE Mg. This is repeated
five times. Finally, 50 μL of the droplet is removed (leaving 50
μL), and a 10 μL drop of 10 mM Ni acetate is then added.
Assembly of HiPco SWNTs on Mica. HiPco P2 SWNTs
were dispersed in 1xTAE Mg buffer as described above. For
assembly, 5 μL of dispersed SWNTs were mixed in a vial with
45 μL of a solution with 1 M NaCl and (1/8)xTAE Mg. This
was deposited on freshly cleaved mica for 1 h before
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