
Combining Function

O
ne of the promises of nanoscience and nanotechnology is that we will be able
to construct materials with key combinations of function. In nanodelivery, we
would like to have targeting, therapy, and imaging combined so flexibly as to

enable the preparation of “cocktails” of efficient low-dose medications that can be

tracked as they reach their targets, release their payloads, convey that they have done

so, and report their position and effectiveness.1�3 In many other areas, we have gen-

erated wish lists of how new multifunctional materials might behave. As we discover,

elucidate, and report the fundamental properties of materials at the nanoscale, it is ex-

citing to see these remarkable materials and properties being put together so rap-

idly by our community to address the global challenges we face.

In this issue, we find a number of ex-

citing examples of steps along this path.

Two come from Zhong Lin Wang and

his group.4,5 In one, they combine photo-

excitation and piezoelectricity to show

how strain might be used to optimize

energy conversion.4 In the other, they

harvest energy both mechanically and

biochemically, simultaneously or indi-

vidually, as a precursor to self-powered

in vivo devices (see figure).5 Expect to see further creative combinations of materials

and function that address real-world problems.

We are also seeing advances in the patterning and placement of complex func-

tional materials. An article by Whitesides, Aizenberg, Capasso, and co-workers, fea-

tured on the cover and described in a Perspective by Wiley, Qin, and Xia, describes ad-

vances in nanoskivingOpatterning followed by sectioning via ultramicrotome.6,7 As

the latter point out, nanoskiving uniquely combines the pattern generation and repli-

cation steps of lithography.

Moving from discovery, to demonstration of phenomena, to manufacturing and ap-

plication is going to require a plethora of approaches and creativity. We look for-

ward to reporting across this range of efforts as well as to laying out the challenges

so as to help catalyze these advances.

On a related note, we were delighted to learn that frequent contributor Michael

Grätzel has been awarded the 2010 Millenium Technology Grand Prize from the
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Conceptual design of a combined biofuel cell and piezoelectric generator to harvest both chemi-
cal and mechanical energy to power in vivo devices, as detailed in ref 5. Image courtesy of Zhong
Lin Wang. Copyright 2010 American Chemical Society.
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Technology Academy Finland for his development of the solar cells that bear his name.8�11 We will
feature Grätzel and his work on an upcoming issue.

Paul S. Weiss
Editor-in-Chief

REFERENCES AND NOTES
1. Farokhzad, O. C.; Langer, R. Impact of Nanotechnology on Drug Delivery. ACS Nano 2009, 3, 16–20.
2. Chen, A.; Taratula, O.; Wei, D.; Yen, H.-I; Thomas, T.; Thomas, T. J.; Minko, T.; He, H. Labile Catalytic Packaging of

DNA/siRNA: Control of Gold Nanoparticles “out” of DNA/siRNA Complexes. ACS Nano 2010, 4, 3679–3688.
3. Quan, C.-Y.; Chen, J.-X.; Wang, H.-Y.; Li, C.; Chang, C.; Zhang, X.-Z.; Zhuo, R.-X. Core�Shell Nanosized Assemblies

Mediated by the ��� Cyclodextrin Dimer with a Tumor-Triggered Targeting Property. ACS Nano 2010, 4,
4211–4219.

4. Hu, Y.; Zhang, Y.; Chang, Y.; Snyder, R.; Wang, Z. L. Optimizing the Power Output of a ZnO Photocell by
Piezopotential. ACS Nano 2010, 4, 4220–4224.

5. Hansen, B.; Liu, Y.; Yang, R.; Wang, Z. L. Hybrid Nanogenerator for Concurrently Harvesting Biomechanical and
Biochemical Energy. ACS Nano 2010, 4, 3647–3652.

6. Lipomi, D.; Kats, M.; Kim, P.; Kang, S.; Aizenberg, J.; Capasso, F.; Whitesides, G. M. Fabrication and Replication of
Arrays of Single- or Multicomponent Nanostructures by Replica Molding and Mechanical Sectioning. ACS Nano
2010, 4, 4017–4026.

7. Wiley, B. J.; Qin, D.; Xia, Y. Nanofabrication at High Throughput and Low Cost. ACS Nano 2010, 4, 3554–3559.
8. http://www.millenniumprize.fi/.
9. Kuang, D.; Brillet, J.; Chen, P.; Takata, M.; Uchida, S.; Miura, H.; Sumioka, K.; Zakeeruddin, S. M.; Grätzel, M.

Application of Highly Ordered TiO2 Nanotube Arrays in Flexible Dye-Sensitized Solar Cells. ACS Nano 2008, 2,
1113–1116.

10. Chen, C.-Y.; Wang, M.; Li, J.-Y.; Pootrakulchote, N.; Alibabaei, L.; Ngoc-le, C.-h.; Decoppet, J.-D.; Tsai, J.-H.; Grätzel,
C.; Wu, C.-G.; et al. Highly Efficient Light-Harvesting Ruthenium Sensitizer for Thin-Film Dye-Sensitized Solar Cells.
ACS Nano 2009, 3, 3103–3109.

11. Pattantyus-Abraham, A. G.; Kramer, I. J.; Barkhouse, A. R.; Wang, X.; Konstantatos, G.; Debnath, R.; Levina, L.;
Raabe, I.; Nazeeruddin, M. K.; Grätzel, M.; et al. Depleted-Heterojunction Colloidal Quantum Dot Solar Cells. ACS
Nano 2010, 4, 3374–3380.

Prof. Michael Grätzel,
winner of the 2010 Mille-
nium Technology Grand
Prize.
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