
84 nature nanotechnology | VOL 6 | FEBRUARY 2011 | www.nature.com/naturenanotechnology

news & views

protected these proteins and maintained 
cell adhesion. Western blot analysis 
of brain tissues for various signalling 
molecules known to promote cell survival 
implied the involvement of the PI3/Akt 
pathway in mediating the benefits of 
the treatment. 

When compared with other 
formulations of carbon nanotubes (raw and 
carboxyl-functionalized tubes), amine-
modified nanotubes provided the best 
protection. This was attributed to the large 
number of positively charged amine groups 
and the greater number of surface defects 
generated from the plasma treatment. 
Indeed, amine groups have been shown to 
stimulate the growth of neurons9.

Although no toxic effects, harmful 
structural effects on the brain or functional 
decline were seen in animals that received 
nanotubes but did not have stroke, more 
detailed investigations are required to 
ensure the safe use of these materials. 
For this agent to be clinically viable, the 
mechanism and benefits of the treatment 
must be shown to remain relevant when 
treatment is administered after the 
onset of stroke symptoms. Beyond this, 
careful reference to the Stroke Therapy 
Academic Industry Roundtable (STAIR) 
recommendations10 for developing 
potential stroke treatments will be 
necessary. Although adherence to these 
recommendations does not guarantee 

successful translation from promising 
pre-clinical data to effective treatment for 
patients, it provides a robust framework 

by which a treatment may be confirmed 
or rejected as suitable for progression into 
clinical trials. 

If further pre-clinical work can 
reproduce these benefits when 
administered after a stroke as a form of 
treatment, this intervention will indeed 
hold great promise as a candidate to move 
towards clinical studies.  ❐
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Figure 1 | Magnetic resonance image of a brain 
perfusion study of a patient with acute stroke. 
The brain tissue affected by reduced blood flow 
is shown in blue. Kim and co-workers8 showed 
that rats pre-treated with amine-modified carbon 
nanotubes had a smaller volume of injured brain 
tissue, and this is promising for the development of 
novel strategies to treat stroke. Figure reproduced 
with permission from ref. 11, © 2010 BMJ.

scanning probe microscopes — notably 
scanning tunnelling microscopes 
(STMs) and atomic force microscopes 

(AFMs) — have had a big impact on 
the rise of nanotechnology. Although 
the STM can resolve individual atoms 
on conducting surfaces1, the ability of 
the AFM to topographically image any 
surface with nanometre resolution2 by 
measuring the force between the tip of the 
microscope and the substrate of interest 
has, arguably, had even greater impact. 
Moreover, AFM tips have been modified 
in a myriad of ways to make them sensitive 
to, among many things, magnetic forces, 
chemical binding forces and redox species 

in solution. Now, writing in Nano Letters, 
Seung Sae Hong, Judy Cha and Yi Cui of 
Stanford University report3 how atomic-
scale metal filaments can be used to 
improve the performance of an AFM-based 
approach called conducting atomic force 
microscopy (C-AFM)4,5.

As AFM tips are non-metallic, in 
C-AFM the tip is typically coated with 
a thin metallic film to allow it to make 
highly localized measurements of the 
conductivity of a given substrate, and to 
correlate these data with measurements of 
the topography. However, coating the tip 
makes it bigger, which reduces the lateral 
resolution of the microscope. Hong, Cha 

and Cui circumvent this problem by using 
the thin metallic filaments that are formed 
when a potential bias is applied across two 
metal electrodes separated by an insulator6. 
The bias causes metal ions to migrate from 
one electrode to the other, forming a single 
conducting path of atomic dimensions 
through the insulator. Exploiting this 
phenomenon, which has previously been 
used to fabricate nanoscale switching 
devices7, allows the Stanford team to 
improve the lateral electrical resolution 
possible with C-AFM by more than an 
order of magnitude.

Hong, Cha and Cui coat the tip of their 
AFM with a layer of platinum (Pt), and 
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Taking a closer look at conductivity
The formation of an atomic-scale metal filament at the end of an atomic force microscope will pave the way for 
higher-resolution imaging by AFMs with functionalized tips.
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then with a thin layer of insulating alumina 
(Al2O3), and bring it into contact with a 
palladium (Pd) surface to form the required 
metal–insulator–metal structure (Fig. 1). 
On application of a potential, Pd ions 
are driven by electrostatic forces into the 
alumina layer and towards the conducting 
Pt-coated tip. The Stanford team 
correlated increases in the conductance 
of the tip–surface system with metal ions 
jumping into closely spaced, defect sites 
in the alumina layer. In essence, these 
sites act as ‘stepping stones’ to provide 
the shortest route from one electrode to 
the other. In this way it was possible to 
control the formation of the filament on the 
atomic scale.

The next challenge was to characterize 
the resulting tip structure. Although 
transmission electron microscopy revealed 

the thin alumina coating, identification 
of the metal nanowire was not possible. 
Energy-dispersive X-ray spectroscopy 
confirmed the presence of Pd at the 
apex of the tip, but the resolution of the 
measurement was not sufficient to identify 
the dimensions of the nanowire. It was 
therefore necessary to use other methods 
to determine the size of the filament. In 
traditional AFM, knowledge of the shape 
of the tip and the radius of curvature 
at the apex is essential for determining 
both the lateral resolution of the probe 
and the true topography of the surface 
(because any AFM image is a convolution 
of the shapes of the sample and the tip). 
This knowledge is often obtained by 
performing measurements on substrates 
containing features with well-defined 
shapes and sizes.

The Stanford researchers used a 
single-wall carbon nanotube — which 
is an ideal one-dimensional conducting 
nanostructure — to calibrate their tip. The 
difference between the conductivity maps 
made with a traditional C-AFM tip and the 
new approach was remarkable (Fig. 1); the 
standard metal-coated probe determined 
the nanotube diameter to be 16 nm, 
whereas the filament tip returned a value 
of 2.2 nm. Taking into account the true 
diameter of the nanotube, as determined 
from an AFM height measurement (which 
should not suffer from tip convolution), 
they estimated the width of the filament 
to be just ~0.9 nm wide; this is the 
smallest C-AFM tip fabricated so far. 
Moreover, they were able to fabricate 
tips with a 100% success rate: the tips 
also demonstrated reproducibility and 
longevity, two important features for any 
AFM probe.

As the tip fabrication process is 
amenable to many different metals, the new 
filament-based approach could be used to 
improve the resolution of probes in a whole 
host of AFM-related fields where metal-
coated tips have been previously employed, 
such as magnetic force microscopy and 
combined scanning electrochemical 
AFM. In the field of chemical sensing and 
molecular binding, where gold-coated tips 
are widely used, reducing the active area 
of the AFM tip to approximate nanometre 
dimensions should make it possible to 
investigate molecular interactions at 
the level of single molecules: at present 
probes such as nanotube-functionalized 
AFM tips8 are typically required. The 
order-of-magnitude increase in imaging 
resolution offered by this fabrication 
methodology is likely to have many 
applications in the characterization of 
materials and the study of phenomena on 
the nanoscale. ❐
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Figure 1 | Hong, Cha and Cui increased the lateral resolution of a C-AFM tip by adding an 
atomic-scale metal filament to the tip of the AFM probe3. Top left: conventional C-AFM image of 
a single-wall carbon nanotube: the width of the nanotube seems to be 16 nm. Top right: image of a 
single-wall nanotube taken by a C-AFM tip with an atomic filament: the width of the nanotube now 
seems to be 2.2 nm. Middle left: in a conventional C-AFM, the tip is coated with a thin layer of metal 
(blue). If such a tip is coated with a thin layer of insulating Al2O3 (grey) and then brought close to 
a layer of palladium (red; bottom left), when a voltage is applied, palladium ions will migrate into 
the insulating layer and start moving towards the Pt coating on the tip (bottom middle). Eventually, 
a thin filament of palladium will extend all the way through the Al2O3 coating (bottom right; middle 
right). It is this filament that leads to the improvement in resolution. Figure reproduced with 
permission from ref. 3, © 2010 ACS.
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