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Placement and orientation of individual DNA shapes on 
 lithographically patterned surfaces 

Rothemund & al. 
Nature Nanotechnology 4, 557 - 561 (2009)  
doi:10.1038/nnano.2009.220 

Scale bars are 500 nm 
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Using DNA for nano-electrode functionalization 

Descamps, ChemPhysChem 
2010, 11, 3541 – 3546  

vidual modification and characterization of each nanoelectrode
(100–500 nm wide and separated by a gap of 1 mm) within a
set of four arrays (a, b, d, and e) containing three nanoelectro-
des (named a1, a2 and a3 in Figure 1 b) using an electrochem-
ical technique developed on the basis of both electrospotting
and MICAM technology (Figure 1).

2. Results and
Discussion

2.1. Optimization of the Elec-
trochemical PPy–ODN Film
Synthesis at Microelectrodes

Optimizing the electrochemical
parameters to obtain reliable
and reproducible polypyrrole–
ODN electrodeposition at the
nanoscale is not at all a straight-
forward scaling down, but re-
quires significant modifications
of the physicochemical charac-
teristics of the electrospotting
methodology. In this way, a first
study based on the use of microelectrodes was carried out to
optimize the electrochemical conditions (potential and sup-
porting electrolyte). Tetraethylammonium perchlorate, which is
a chloride-free electrolyte (nanoelectrode electro-dissolution
was observed in chlorinated solutions, data not shown) and is
commonly used for polypyrrole (PPy) electrochemistry, was
employed and the potential range was optimized. We found
that the electrodeposition is effective in the range of 1.6–2.6 V
while the working-electrode potential is self-maintained at the
pyrrole oxidation potential (around 0.6–0.7 V vs the saturated
calomel electrode, SCE, unpublished results).

To obtain thin and well-controlled PPy–ODN films we slowed
down the electrodeposition rate by applying pulses of lower
potential (i.e. 1.6, 1.8 and 2 V, higher potentials arising to elec-
trode detachment, data not shown) and shorter electrodeposi-
tion time, that is, 100 ms. These new conditions were previous-
ly tested at microelectrode (6 ! 12 mm) arrays fabricated using

the same methodology as that for nanoarrays. Such previous
experiments allowed us to verify the compatibility of both
gold electrodes and the poly(methyl methacrylate) (PMMA) in-
sulating layer with electrospotting. Figure 2 displays chro-
noamperogramms recorded during the electrosynthesis of
PPy–ODN films (Figure 2 a) as well as an optical image of the
microelectrode array (Figure 2 b) and a fluorescence image fol-
lowing DNA hybridization (Figure 2 c).

As expected, the charges consumed during electrodeposi-
tion increased when pushing the potential from 1.6 to 1.8 and
to 2 V taking values of 24, 50 and 106 mC cm!2, respecitely
(Figure 2 a). According to Malhotra’s model,[26] such charges
correspond—in a first approximation—to respective PPy thick-
nesses of 41, 84, and 180 nm. However, the electrodeposition
conditions used in this work were previously optimized to
obtain thin polymer films (e.g. the presence of glycerol and di-
methyl sulfoxide, DMSO, strongly inhibits polymer
growth).[24, 25] Moreover, since the electrodeposition time,
100 ms, is rather short, this suggests electrodeposition rates
that are not consistent with such classically reported in the lit-
erature.[26] In such a context, the microelectrode architecture
may explain this abnormal charge consumption. Indeed, each

microelectrode is individually addressed by a gold connecting
pad that is isolated from the electrolytic solution by a thin
PMMA layer (100 nm). Thereby, a capacitive behavior—due to
charge accumulation at the gold–PMMA interface—and/or cur-
rent leakage through the PMMA film as a result of slight swel-
ling phenomena generated by acetonitrile uptake are ob-
served. In such context, chronoamperometric responses are
useless to predict the PPy electrodeposition process. Moreover,
such electrochemical characteristics do not provide any insight
on the ODN-probe accessibility (indeed, if the real polymer
thickness is of the aforementioned order of magnitude, ODN
probes may be buried within the electrogenerated film). To
characterize such accessibility, hybridization and revelation
measurements using steptavidi-R-phycoerithrin as a fluores-
cent label were performed. Figure 2 c displays the resulting flu-
orescent responses. No fluorescence was recorded after elec-
trodeposition at a potential of 2 V. Conversely, the two other

Figure 1. a) Schematic representation of an electrospotting microcell super-
imposed to the chip carrier image and chip’s optical image. b) Schematic
view of a nanoelectrode array (a1, a2 and a3) displaying characteristic di-
mensions. One can distinguish the opening on the PMMA insulating layer
that defines the effective electrochemical cell as well as the electrode
length.

Figure 2. a) Chronoamperogramms recorded during microelectrode electrospotting (E = 2, 1.8 and 1.6 V, respec-
tively, for d1, d3 and d2 electrodes, t = 100 ms, 20 mm Py and 10 mm Py-Zip6). b) Optical image of the modified mi-
croelectrode (6 ! 12 mm) array. Fluorescence image following hybridization (Zip6comp strand 0.1 mm) and revelation
using streptavidin-R-phycoerythrin (nature of the coating and applied potentials as summarized in Table 2).
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tained at 1.6 V, they show excellent stability with more than
ten cycles of hybridization and denaturation without recorded
loss in the fluorescence response.

To demonstrate the specific biological recognition of the ob-
tained films, we performed a second series of experiments
where each electrode was modified by a different oligonucleo-
tide probe (as reported in Table 2). The pyrrolated probes, Zip6,

Zip7 and Zip9, were designed to obtain a specific and kineti-
cally rapid recognition behavior at room temperature owing to
their ability to overcome secondary structures. In such a con-
text, the two nanoelectrodes e1 and e2 (500 ! 100 nm2) of a
same array e were respectively functionalized through the elec-
tro-copolymerization of pyrrolated Zip6 and Zip7 with pyrrole.

The last electrode e3 was covered with unmodified PPy to
be used as blank reference.

Figure 4 presents the white-light optical image and the relat-
ed fluorescence images of the array following hybridization
with Zip6 complementary ODN (Zip6comp Figure 4 b), Zip7 com-
plementary ODN (Zip7comp Figure 4 c) and a mixture of zip6, Zip
7, and Zip9 (Zip9comp) complementary ODN (Figure 4 d). As ex-
pected, fluorescence was observed only at electrode e1 in the
presence of Zip6comp and at electrode e2 in the presence of
Zip7comp. Following interaction with a mixture of the three
ODN targets Zip6comp, Zip7comp and Zip9comp, electrodes e1 and
e2 were lighted. No nonspecific fluorescence was recorded in

the described three configurations, which were successively
observed along three hybridization/denaturation cycles.

This experiment clearly demonstrates the biological specifici-
ty and localization of the PPy–ODN coatings as well as repro-
ducibility and robustness of the recognition process on elec-
trodes having sizes ranging from 100 ! 100 to 100 ! 500 nm2.

Fluorescence microscopy enabled us to prove the selective
modification of the nanoelectrodes as well as the bioactivity of
the obtained coatings. To obtain further information about the
lateral resolution of the electrodeposition process at the nano-
meter scale, we performed AFM characterization. The AFM
images also allow us to gain an insight into the homogeneity
of the polypyrrole layer and the robustness of the film coating
onto the nanoelectrodes.

Figure 5 a displays the AFM images of a set of three electro-
des with a size of 100 ! 500 nm2 size on which only one nano
electrode (number 3) was modified (applied potential : 1.6 V,

pulse duration: 100 ms). The images were recorded after the
removal of the PMMA film. Note that some traces of PMMA
residues corresponding to window edges are still visible in Fig-
ure 5 a and highlighted by the pointers. The image reported in
Figure 5 b is a zoom on the modified nanoelectrode b3. It
clearly exhibits a sharp delimitation step in thickness corre-
sponding to the PMMA window edges contrary to unmodified
electrodes b1 and b2 (magnification not shown). This step
allows us to evaluate the thickness of the electrodeposited PPy
coating. The recorded step height is about 2 nm, which corre-
sponds to the PPy–ODN film thickness typically obtained using
electrospotting on gold slides.

The electrogenerated film ob-
tained under optimized condi-
tions is homogeneous—with a
complete coverage of the nano-
electrode—and finally exhibits
well-defined edges and a post-
functionalization width conform
to the initial 100 nm electrode.
This demonstrates the excellent
spatial resolution of the herein
described biological modification
methodology. We believe that
this is related to the very short

Table 2. Oligonucleotide sequences of Py–ODN probes and biotinylated
ODN targets.

Target and
probes[a]

Sequences[b]

Py-Zip6 5’–Py–(T)10–GAC.CGG.TAT.GCG.ACC.TGG.TAT.GCG–3’

Py-Zip7 5’–Py–(T)10–TGC.GAT.CGC.AGC.GGT.AAC.CTG.ACC–3’

Zip6comp 5’–Biotine–CGC.ATA.CCA.GGT.CGC.ATA.CCG.GTC–3’
Zip7comp 5’–Biotine–GGT.CAG.GTT.ACC.GCT.GCG.ATC.GCA–3’
Zip9comp 5’–Biotine–GGT.CTA.CCT.ACC.CGC.ACG.ATG.GTC–3’

[a] Biological probes are the pyrrole derivatized sequences whereas syn-
thetic targets are the biotynilated ODN sequences. [b] Zip sequences are
artificial sequences that where computed to avoid the formation of sec-
ondary structure and enable room-temperature accurate hybridization.

Figure 4. a) White-light optical image of a nanoelectrode array e consisting of differently functionalized nanoe-
lectrodes (Py-zip6 at e1, Py-zip7 at e2 and Py at e3, experimental conditions as in Figure 3). Fluorescence images
consecutive to hybridization and revelation using streptavidin-R-phycoerythrin using: b) Zip6 complementary
strand (0.1 mm), c) Zip7 complementary strand (0.1 mm), and d) a mixture of zip6, zip7, and zip9 complementary
strands (0.1 mm each).

Figure 5. a) AFM image of the nanoelectrode array b following b3 nanoelec-
trode functionalization b) Magnified image of the right-hand side of the b3-
functionalized nanoelectrode.
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1 µm 

•  Electrochemical functionalisation 
•  Hybridization of complementary 

fluorescent strands 
•  Each nano-electrode is 100–500 nm 

wide and separated by a gap of 1µm 
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Using DNA for connecting (wiring) nanometric Au islets 

Scale bars are 300 nm 
Nano Lett., 2010, 10, 5065–5069 
DOI: 10.1021/nl1033073 

•  DNA bundles 

•  The diameter of the DNA tubes is 
about 7 nm; the gold islands’ 
diameter ranges from 40 nm to 80 
nm with a height of 20 to 30 nm.  

•  For AFM imaging, the sample was 
on a Si surface 

•  AFM tapping-in-air 
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Using DNA for connecting (wiring) nanometric Au islets 

Nano Lett., 2010, 10, 5065–5069 
DOI: 10.1021/nl1033073 

•  Patterning of gold islets 

•  DNA origami nanotubes 

•  Thiolated oligos DNA 
pending on the origamis 

•  no electrical conductivity 
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Metallization of nanowires: Inorganic growth on DNA 

Nature 391, 775-778 (19 February 1998) 
doi:10.1038/35826 

•  First example in the litterature 

•  2-step process, making silver NW 

•  16 µm long, 100 nm large 

•  Fluorescent labelling of DNA: 
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Metallization of nanowires: Inorganic growth on DNA 
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finally, fully metallized with silver using 
an electroless plating method.

Following the innovative three-step 
DNA metallization process developed 
by Braun, researchers have intensively 
worked on improving the process to 

achieve NWs with a diameter under 
20  nm built from DNA and with high 
conductivity. A wide range of metallic 
NWs built from DNA has emerged in the 
literature [10], [11], [21]–[31]. Such NWs 
were made from different metals, such 

as copper, gold, platinum, palladium, or 
silver and sometimes even a combination 
of two of them (Figure 2).

A review of the literature on NW fab-
rication processes and performance high-
lights the main issues researchers have 
faced working on DNA. First, an impor-
tant focus has been on the DNA molecule 
itself because of its fragility. Process and 
environmental parameters, such as the 
power of the hydrogen (pH), the tempera-
ture, or even the metal concentration of 
the solution used to metallize DNA, can 
easily and irremediably damage the DNA 
structure during the metallization process 
[32], and so special care must be taken on 
metallization recipes to make them com-
patible with DNA material.

Second, much effort has been put 
into finding the best metallization pro-
cess and metals that could form a con-
tinuous wire with a low diameter fewer 
than 20 nm. However, researchers faced 
complications on these two tasks, lead-
ing to the main difficulty of achieving 
DNA metallization in a reproducible 
process [10]. Most of the time, the fab-
ricated NWs have made a compromise 
between their diameter and their per-
formance. Both targets could not be 
achieved at the same time because low-
diameter NWs returned poor electrical 
performance. Figure 2 highlights this 
fact with the NW diameter and conduc-
tivity evolutions over the years extract-
ed from the most relevant works since 
1998. Note that the conductivity of the 
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FIGURE 2 (a) The most relevant works presenting DNA-based NW diameter evolution over the years. (b) The most relevant works presenting  
DNA-based NW electrical resistivity evolution over the years.
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FIGURE 1 The DNA structure composed of four nucleobases and a double phosphate–deoxyribose 
backbone. Nucleobases are linked by hydrogen bonds. Free oxygen anions are available on the 
phosphate DNA backbone and link to salt cations such as Mg2+. (Figure courtesy of Wikipedia.)

The fabricated NWs have made a compromise between their diameter and 
their performance. both targets could not be achieved at the same time 
because low-diameter NWs returned poor electrical performance.  

C.Brun et al, IEEE Nanotechnology Magazine, Vol. 11 (1), 2017 
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Metallization of nanowires: Inorganic growth on DNA 
Starting with soluble metallic ions 

•  A broad range of metals have been templated on 
DNA; examples include Ag, Au, Pt, Cu, Ni, Fe, Co 
and Pd  

•  The typical reaction involves mixing DNA with a 
solution of a metal salt and then adding a 
reducing agent.  

•  The DNA may be dissolved in solution, or 
immobilised on a solid substrate.  

•  Metal ions bind strongly to DNA at a variety of 
sites by electrostatic interaction with the 
phosphate groups and by coordination to the 
nucleobases.  

involve dimerisation of the initial radical cations followed by
loss of protons and reoxidation of the dimer, which typically has
a lower oxidation potential than the monomer. The polymeri-
sation proceeds by further coupling of radical cations to the
oxidised oligomers and eventually the polymer becomes insol-
uble as the molecular weight increases. This type of polymeri-
sation maybe carried out electrochemically or using chemical
oxidants such as ferric chloride. The polymer is cationic as-
formed and the oligomers bear some resemblance to minor
groove binding molecules such as Hoechst 33258 (charged
aromatic heterocycles). Examples of such DNA-templated
conductive polymers include poly(aniline),2,3 poly(pyrrole),4

poly(dithienylpyrrole)46 and poly(indole).47 Conductive poly-
mers are particularly attractive materials to template on DNA
because they form smooth, conductive NWs and they provide
access to a wide range of chemical functionality for subsequent
applications.

Whilst inorganic NWs are may be functionalised using
methods originally developed for bulk substrates, e.g., oxide/
chlorosilane or gold/thiol chemistries, the polymer NWs can be
functionalised simply by derivatisation of the monomer and the
density of functional groups adjusted by copolymerisation. This
method has been used to incorporate alkynyl groups to enhance
the nucleation of subsequent Ag layers,48 or to allow the func-
tionalisation of the NWs by the copper-catalysed azide–alkyne
Huisgen cycloaddition, ‘click’, reaction.49

2 Structure of DNA-templated
nanowires and the mechanism of
templating
The details of the mechanism of DNA-templating are of funda-
mental interest, but also have signicance for the major
proposed applications of NWs as interconnects in electronic
devices and as transducing elements in chemical sensors. In the
case of interconnects, it is clearly desirable for the NWs to be
uniform and continuous to attain the maximum possible
conductivity. For sensing, where the signal is typically the frac-
tional change in conductivity upon exposure to the analyte, itmay
be more important for the NW to have a high surface : volume
ratio in order tomaximise the sensitivity and therefore a uniform,
smooth morphology is not necessarily optimal.

DNA-templated NWs show a range of morphologies: some
are smooth and uniform, whereas other examples show a
dendritic structure and may be hard to recognize in AFM or
TEM as individual wires. The morphology observed typically
depends on both the preparation conditions and the material
that is templated. CdS NWs may be prepared which appear
uniform in AFM images and which may be combed across gold
contacts to form a simple two-terminal device. These CdS NWs
have a conductivity of the order of 3 S cm!1 (in the absence of a
contact resistance measurement, this is a lower bound (ref. 7)),
which conrms the contiguous nature of the templated mate-
rial. The preparation involves deposition of CdS on freely-dis-
solved DNA molecules, followed by a slow annealing step. In
contrast, CdS templated on DNA under similar conditions, but

where the annealing step is omitted, or the DNA molecules are
immobilized on mica during the templating reaction, tends to
form electrically-insulating beads-on-a-string structures.7 We
have found the transition between the beads-on-a-string
morphology and the smooth NWs illustrated in Fig. 2 to be a
common phenomenon in DNA-templated materials7,10,42 and
others have also observed similar effects in templating, e.g., Au
on synthetic polymer molecules.50

Most investigations of DNA-templated NW structure rely
heavily on AFM, although TEM is oen also used to characterise
inorganic NWs.36,37,44 For AFM studies DNA-templated NWs may
be aligned on a substrate in a manner similar to bare DNA
molecules.51 So-called ‘molecular combing’ involves the exten-
sion and alignment of the molecule by a receding meniscus; it
can be performed very simply by dragging a droplet containing a
suspension of NWs with the tip of a micropipette across a at
substrate. Si/SiO2 chips are ideal and the oxide is oen silanized
to increase the hydrophobicity of the surface and reduce the
adhesion of the NWs to the substrate.52 NW diameters esti-
mated from the heights in AFM images lie in the range 5–20 nm;
bare l-DNA is well-known to show apparent heights of 1 nm or
less in such AFM images owing to substrate interactions and
tip/substrate effects. The NW diameters are towards the lower
end of the ranges accessible by other synthetic methods, for
example templating conductive polymers in porous alumina53

typically produces wires of diameter$10 nm and VLS growth of
crystalline semiconductors produces wires 20–100 nm in
diameter,6 although laser-ablation techniques can be used to
reduce the size of the metal catalyst particles and therefore of

Fig. 2 Schematic illustration of the transformation from a beads-on-
a-string morphology to a smooth nanowire observed in many DNA-
templating studies and described by the model represented by eqn (4).
The DNA template is shown as a green cylinder and the templated
material as blue. (a) Spherical nuclei formed on the template by
reduction or precipitation of metal ions, or oligomerisation of
heterocyclic monomers. (b) Formation of ‘necks’ between the particles
as material is transferred from the particles to the regions of bare
template. (c) Under the condition of eqn (2) the equilibrium state is a
smooth nanowire of uniform thickness, although the approach to
equilibrium is slow.

This journal is © The Royal Society of Chemistry 2014 Nanoscale, 2014, 6, 4027–4037 | 4029

Feature Article Nanoscale

O
pe

n 
A

cc
es

s A
rti

cl
e.

 P
ub

lis
he

d 
on

 2
6 

Fe
br

ua
ry

 2
01

4.
 D

ow
nl

oa
de

d 
on

 0
1/

07
/2

01
7 

17
:0

0:
29

. 
 T

hi
s a

rti
cl

e 
is 

lic
en

se
d 

un
de

r a
 C

re
at

iv
e 

Co
m

m
on

s A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
Li

ce
nc

e.

View Article Online

involve dimerisation of the initial radical cations followed by
loss of protons and reoxidation of the dimer, which typically has
a lower oxidation potential than the monomer. The polymeri-
sation proceeds by further coupling of radical cations to the
oxidised oligomers and eventually the polymer becomes insol-
uble as the molecular weight increases. This type of polymeri-
sation maybe carried out electrochemically or using chemical
oxidants such as ferric chloride. The polymer is cationic as-
formed and the oligomers bear some resemblance to minor
groove binding molecules such as Hoechst 33258 (charged
aromatic heterocycles). Examples of such DNA-templated
conductive polymers include poly(aniline),2,3 poly(pyrrole),4

poly(dithienylpyrrole)46 and poly(indole).47 Conductive poly-
mers are particularly attractive materials to template on DNA
because they form smooth, conductive NWs and they provide
access to a wide range of chemical functionality for subsequent
applications.

Whilst inorganic NWs are may be functionalised using
methods originally developed for bulk substrates, e.g., oxide/
chlorosilane or gold/thiol chemistries, the polymer NWs can be
functionalised simply by derivatisation of the monomer and the
density of functional groups adjusted by copolymerisation. This
method has been used to incorporate alkynyl groups to enhance
the nucleation of subsequent Ag layers,48 or to allow the func-
tionalisation of the NWs by the copper-catalysed azide–alkyne
Huisgen cycloaddition, ‘click’, reaction.49

2 Structure of DNA-templated
nanowires and the mechanism of
templating
The details of the mechanism of DNA-templating are of funda-
mental interest, but also have signicance for the major
proposed applications of NWs as interconnects in electronic
devices and as transducing elements in chemical sensors. In the
case of interconnects, it is clearly desirable for the NWs to be
uniform and continuous to attain the maximum possible
conductivity. For sensing, where the signal is typically the frac-
tional change in conductivity upon exposure to the analyte, itmay
be more important for the NW to have a high surface : volume
ratio in order tomaximise the sensitivity and therefore a uniform,
smooth morphology is not necessarily optimal.

DNA-templated NWs show a range of morphologies: some
are smooth and uniform, whereas other examples show a
dendritic structure and may be hard to recognize in AFM or
TEM as individual wires. The morphology observed typically
depends on both the preparation conditions and the material
that is templated. CdS NWs may be prepared which appear
uniform in AFM images and which may be combed across gold
contacts to form a simple two-terminal device. These CdS NWs
have a conductivity of the order of 3 S cm!1 (in the absence of a
contact resistance measurement, this is a lower bound (ref. 7)),
which conrms the contiguous nature of the templated mate-
rial. The preparation involves deposition of CdS on freely-dis-
solved DNA molecules, followed by a slow annealing step. In
contrast, CdS templated on DNA under similar conditions, but

where the annealing step is omitted, or the DNA molecules are
immobilized on mica during the templating reaction, tends to
form electrically-insulating beads-on-a-string structures.7 We
have found the transition between the beads-on-a-string
morphology and the smooth NWs illustrated in Fig. 2 to be a
common phenomenon in DNA-templated materials7,10,42 and
others have also observed similar effects in templating, e.g., Au
on synthetic polymer molecules.50

Most investigations of DNA-templated NW structure rely
heavily on AFM, although TEM is oen also used to characterise
inorganic NWs.36,37,44 For AFM studies DNA-templated NWs may
be aligned on a substrate in a manner similar to bare DNA
molecules.51 So-called ‘molecular combing’ involves the exten-
sion and alignment of the molecule by a receding meniscus; it
can be performed very simply by dragging a droplet containing a
suspension of NWs with the tip of a micropipette across a at
substrate. Si/SiO2 chips are ideal and the oxide is oen silanized
to increase the hydrophobicity of the surface and reduce the
adhesion of the NWs to the substrate.52 NW diameters esti-
mated from the heights in AFM images lie in the range 5–20 nm;
bare l-DNA is well-known to show apparent heights of 1 nm or
less in such AFM images owing to substrate interactions and
tip/substrate effects. The NW diameters are towards the lower
end of the ranges accessible by other synthetic methods, for
example templating conductive polymers in porous alumina53

typically produces wires of diameter$10 nm and VLS growth of
crystalline semiconductors produces wires 20–100 nm in
diameter,6 although laser-ablation techniques can be used to
reduce the size of the metal catalyst particles and therefore of

Fig. 2 Schematic illustration of the transformation from a beads-on-
a-string morphology to a smooth nanowire observed in many DNA-
templating studies and described by the model represented by eqn (4).
The DNA template is shown as a green cylinder and the templated
material as blue. (a) Spherical nuclei formed on the template by
reduction or precipitation of metal ions, or oligomerisation of
heterocyclic monomers. (b) Formation of ‘necks’ between the particles
as material is transferred from the particles to the regions of bare
template. (c) Under the condition of eqn (2) the equilibrium state is a
smooth nanowire of uniform thickness, although the approach to
equilibrium is slow.

This journal is © The Royal Society of Chemistry 2014 Nanoscale, 2014, 6, 4027–4037 | 4029
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Inorganic growth – gold nanowires 

a) Metallization strategy. Positively 
charged gold clusters cover the 
negatively charged DNA origami 
structure. Continuous metallization 
of such pre-seeded DNA origami 
structures is achieved by the 
electroless deposition of gold ions 
to the electrostatically bound Au 
clusters. b) TEM image of native 
six-helix bundles stained with 
uranyl acetate. Successful metal 
deposition results in continuously 
metallized objects of defined shape 
and dimensions, which is revealed 
by SEM (c) and TEM (d). Gold 
cluster seeding was performed on 
substrate (c) and in solution (d). 
Scale bars 200 nm. 

DOI: 10.1002/smll.201100465 
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DNA used as a template for Copper nanowire 

AFM images after Cu metalization 

C.Brun et al, IEEE Nanotechnology Magazine, Vol. 11 (1), 2017 

•  Activation step: exchange of metallic cations on the DNA backbone 
•  0.8 µM copper nitrate with 32 µM ascorbic acid for 3 h r.t. and pH 5.  
•  Gentle stirring was performed during all of the metallization process.  
•  Copper NW of 10-nm diameter with 5-nm high nWs were achieved 
•  Still some defects (no metal on some points) 
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DNA used a conducting nanowire 

SEM images of the fabricated Ti/Au NWs 
from suspended DNA wires 

I/V curve for 80-nm diameter metallic NWs 

The electrical NW conductivities extracted 
were at the same order as the bulk gold. 
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DNA used a conducting nanowire small 2015, 11, No. 1, 134–
140  

(a) and (b) SEM image of a Au-coated DNA NW connecting two pillars,  
(c) Current-voltage curves recorded from DNA NWs with 300 nm (thick) and 80 nm (thin) diameter 
coated by 30 nm of gold that connected two pillars.  
(d) Current recorded from a thin Au-DNA NW until burning of the Au-DNA NW 

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous 
devrez peut-être supprimer l'image avant de la réinsérer.
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As a (short) conclusion and take-home message 

•  DNA is a versatile organic material 

•  Cheap, tunable, easy synthesis 

•  Everything is based on its polymeric self-assembling properties 

•  Besides its original functionality, a LARGE panel of potential 

app. 

•  Data storage with remarkable performance although some 

automation are needed and long processing times 

•  Biosensing with DNA/RNA aptamer 

•  Nanoobject building for plasmonics, sensing, lithography 

•  And many other things to come, for sure… 
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Thank you for your attention, 


