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Biological Atomic Force Microscopy

Scientific Challenge

Many soft materials readily deform
under the minimum force required to
perform an AFM measurement precluding
imaging at high temporal and spatial
resolution. Methods to reduce significantly
the minimum detectable force and increase
imaging rate are required.
Research Achievement

Although quite fashionable, attempts to
use feedback methods such as Q-control and
frequency modulation have failed to improve
the image quality when in solution. Q-
control  amplifies  weak tip-sample
interactions and the thermal noise equally
providing no overall advantage.! Frequency
modulation also amplifies weak tip-sample
interactions but controls the amplitude noise.
However, the feedback shifts the amplitude
noise to the time domain precluding a
precise measurement of frequency providing
no overall advantage either.? Instead, the
thermal force-noise of the cantilever is the
principal limitation to reducing sample
deformation. ~ Minimizing a cantilever's
cross- section reduces its noise significantly
and the minimum size of the cantilever is
currently limited by a conventional
deflection detection scheme, which requires
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Figure 1 - The calculated force noises of nanowires as a
function of their radii and lengths, in water. Contour lines
denote cantilever stiffnesses, and the hashed region
corresponds to thermal fluctuations that are too small to be
detected with our system, with 5 mW of laser power. Inset
figure is the measured thermal noise spectrum of the 2+1
mN/m stiff nanowire marked with a red x (force noise of 6+3
fN/VHz), as well as a theoretical prediction based on its
dimensions and material properties. The green x is a
measured 19:4 um by 82.5 nm nanowire (force noise of 74
fN/\VHz). The bar chart shows Fiber Force Probe force noise
relative to other AFM cantilevers. The Fiber Force Probe has
record low force noise in solution.
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Figure 2 - Resonance frequency, quality factor, and force noise as a function of cantilever length for normal

cantilevers in air (o) and in water (o). The encased cant
normal cantilevers in air.
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Figure 3 - Cartoon of encased cantilevers fabrication
process. PE CVD is used to deposit a sacrificial layer
and the encasement. The sacrificial layer is etched back
from an opening at the probe apex. Surface tension
prevents water from entering the encasement.
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Figure 4 - spiral scans require lower acceleration and force

them raster scanning enabling higher tip velocities and
rates for the same scanner

ilevers (A) in water have the same high-performance as

a large surface area for laser specular
reflection. A forward scattering optical
deflection detection technique enables the
use of nanowires as cantilevers. We achieved
a force noise in water of 6 fN/\VHz that is
orders of magnitude gentler than
conventional AFM using the Fiber Force
Probe AFM.? The Fiber Force Probe has a
number of significant limitations such as
slow scan speed, difficult sample geometry,
and lack of robustness. To mitigate these
challenges we reduced force noise by
reducing the fluid viscosity with a protective
encasement for the cantilever. The cantilever
operates in air but the probe protrudes from
the encasement through the solution to the
sample. Encased cantilevers have
exceptionally high resonance frequency, Q
factor, and detection sensitivity and low force
noise enabling gentle high speed imaging.*
They also work in all commercial AFM
systems without modification. These are
significant milestones towards non-invasive
scanning probe imaging of biological
processes on the surfaces of vesicles and cell
membranes.

Present raster scan techniques are poorly
matched to the instrument limitations of
Atomic Force Microscopy. Serial data
collection from the local probe makes
image collection slow and unable to
match the timescales of many chemical
and biological processes. One basic
issue is the propensity of scientists to
oversample data. We have used
advanced image processing tools such
as inpainting to recover high-resolution
images from sparse quickly collected
images to improve temporal resolution
without applying more force or

frame
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also

using non-raster scan algorithms
such as spiral and cyclic scanning
to increase temporal resolution.
Spiral scanning better matches the
mechanical limitations of the
AFM scanner and allows higher
tip velocities without distortion.
Inpainting or interpolation is used

Figure 5 - inpainting diffuses data from known regions of an image to  to quickly create images from the
unknown regions by balancing fidelity to the original data and smooth nongrided data.®

connectedness of the resulting image. For simple images and edges The use of gentle high
quickly acquired low density data is all that is required enabling higher bandwidth probes and fast

frame rates. . . .
scanning algorithms will enable
Atomic Force Microscopy to probe soft materials with high resolution and capture dynamics of
assembly and function.

References
[1] Paul D. Ashby, Gentle imaging of soft materials in solution with amplitude modulation atomic
force microscopy: Q control and thermal noise, Appl. Phys. Lett., 2007, 91, 254102.
[2] Paul D. Ashby, Impact force noise in Frequency Modulation Atomic Force Microscopy, in
preparation.
[3] Babak Sanii, Paul D. Ashby, High Sensitivity Deflection Detection of Nanowires, Physical
Review Letters, 2010, 104, 147203.
[4] Dominik Zieler, Paul D. Ashby, Encased Cantilevers for Ultra Sensitive Force and Mass
Detection, in preparation .
[5] Alex Chen, Pascal Getreuer, Yifei Lou, Paul D. Ashby, Andrea Bertozzi, Enhancement and
Recovery in Atomic Force Microscopy Images, submitted.
[6] Travis Meyer, Rodrigo Farnham, Nen Huynh, Alex Chen, Jen-Mei Chang, Paul D. Ashby,
Andrea Bertozzi, Fast Atomic Force Microscopy Imaging using Self-Intersecting Scans and
Inpainting, in preparation.



	ALL abstracts with dividers.pdf
	Aronson_ANL
	Ashby _LBL
	Bachand_SNL
	Dattelbaum_LANL
	DeYoreo_LBL
	R.W. Friddle, K. Battle, V. Trubetskoy, J. Tao, E.A. Salter, J.J. De Yoreo, A. Wierzbicki, Single-Molecule Determination of the Face-Specific Adsorption of Amelogenin's C-terminus on Hydroxyapatite, Angewandte Chemie Int. Ed. 50, 7541 –7545 (2011).

	Firestone_ANL
	Kaehr_SNL
	Liu_J_PNNL
	Mallapragada_Ames
	5. X. Wei, O. Ugurlu, A. Agarwal, H.Y. Acar, and M. Akinc, “Dissolution Behavior of Si, Zn-Modified Tricalcium Phosphates,” Mater. Sci. Eng. C, 29, 126–135 (2009).

	Nilsen-Hamilton_IAState
	Literature Cited

	Ocko_BNL
	Prozorov_Ames
	Sasaki_SNL
	Schmidt-Rohr_Ames
	Shelnutt_SNL
	Shreve_LANL
	Program Scope
	Recent Progress

	Spoerke_SNL
	Recent Progress
	Theory and Modeling

	Zuckermann_LBL
	Collated univ grant abstracts.pdf
	Aizenberg_Harvard
	Balazs_Pittsburgh
	Baldo_MIT
	Belfort_RPI
	Cha_UCSD
	dePablo_UWisc
	Douglas_MSU
	Dutton_UPenn
	Erickson_Cornell
	Evans_NYU
	Feldheim_Colorado
	RNA-Mediated Evolution of Catalysts for the Production and Utilization of Alternative Fuels
	Dan Feldheim*, Bruce Eaton, Jessica Rouge, Bryan Tienes, Alina Owczarek
	Department of Chemistry and Biochemistry
	University of Colorado
	Boulder, CO 80309

	Gewirth_UIUC
	Glotzer_UMichigan
	Golbeck_PennState
	6) Lubner, C., Applegate, A., Knörzer, P., Happe, T., Bryant, D. A., and Golbeck, J. H. (2011) A Solar Hydrogen-Producing Bio-Nanodevice that Outperforms Natural Photosynthesis, (in review).

	Gopalan_UWI
	Granick_UIUC
	Guan_UCI
	Gupta_UA
	Hammer_UPenn
	Jagota_Lehigh
	Kane_RPI
	Kroger_GaTech
	Kumar_Columbia
	Matsui_CUNY
	Morse_UCSB
	IV References (work supported by this DOE project):
	Schwenzer, B., K.M. Roth, J. R. Gomm, Meredith Murr & D. E. Morse. 2006. Kinetically controlled vapor-diffusion synthesis of novel nanostructured metal hydroxide and phosphate films using no organic reagents. J.Mater. Chem. 16: 401 - 407

	Brutchey, R.L. and D.E. Morse. 2006. Template-free, low-temperature synthesis of crystalline barium titanate nanoparticles under bio-inspired conditions.  Angewandte Chemie Intl. Ed. 45: 6564-6566.
	Schwenzer, B. and D. E. Morse, 2008. Biologically inspired synthesis route to three-dimensionally structured inorganic thin films. Journal of Nanomaterials, vol. 2008, Article ID 352871, 6 pages, 2008. doi:10.1155/2008/352871.
	Zhang, H.-L. and D.E. Morse.  2009.  Vapor-diffusion catalysis and in situ carbothermal reduction yields high performance Sn@C anode materials for lithium ion batteries. J. Mater. Chem. 19: 9006 – 9011. (DOI: 10.1039/b914554k)
	Zhang H.L., J. R. Neilson and D. E. Morse. 2010. Kinetically controlled sol-gel synthesis of flaky lithium vanadium oxide and its electrochemical behavior.  J. Phys. Chem. C 114 (45), 19550–19555,
	Neilson, J.R., B. Schwenzer, R. Seshadri and D.E. Morse. 2009. Kinetic control of intralayer cobalt coordination in layered double hydroxides: Cooct1-0.5xCotetx(OH)2(Cl)x(H2O)n. Inorg. Chem. 48: 11017-11023.
	Schwenzer, B., L. Pop, J.  Neilson, T. B. Sbardellati and D.E. Morse. 2009. Nanostructured ZnS and CdS films synthesized using layered double hydroxide films as precursor and template.  Inorganic Chemistry 48(4), 1542-1550.
	Schwenzer, B., J.R. Neilson, K. Sivula, C. Woo, J. M. J. Fréchet and D. E. 2009. Nanostructured p-type cobalt hydroxide thin film infilled with a conductive polymer yields an inexpensive bulk heterojunction photovoltaic cell. Thin Solid Films 517: 572...
	Qian, F., M. Baum, Q. Gu and D. E. Morse. 2009. A 1.5 mL microbial fuel cell for on-chip bioelectricity generation. Lab on a Chip  9: 3076 - 3081.
	O’Leary, P., C.A. v.-Walree, N. C. Mehendale, J. Sumerel, D. E. Morse, W. C. Kaska,* G. v.-Koten and R. J.M. K. Gebbink. 2009. Enzymatic immobilization of organometallic species: Biosilification of NCN- and PCP-pincer metal species using demosponge ax...
	Niesz, K. and D. E. Morse. 2010.  Sonication-accelerated catalytic synthesis of oxide nanoparticles.  UNano Today 5: 99-105U.
	Neilson, J. R., J. A. Kurzman, R. Seshadri and D. E. Morse, 2010. Cobalt coordination and clustering in alpha-Co(OH)2 revealed by synchrotron X-ray total scattering. Chem. Eur. J. 16 (33), 9998-10006.
	Tao, A.R., K. Niesz And D.E. Morse. 2010. Bio-Inspired nanofabrication of barium titanate.  J. Mater. Chem., 20: 7916-7923
	Niesz, K., C. Reji, J. Neilson,  R.C. Vargas, C. and D.E. Morse. 2010. Unusual evolution of ceria nanocrystal morphologies promoted by a low-temperature vapor diffusion-based process. Crystal Growth and Design, DOI: 10.1021/cg100708q
	Schwenzer, B., J. R. Neilson, S.e M. Jeffries and D.l E. Morse. 2010. Cd1-xZnxO [0.05≤x≤0.26] synthesized by vapor-diffusion induced co-nucleation from aqueous metal salt solution. Dalton Trans. 2011, 40 (6), 1295 - 1301.
	Niesz, K, T.Ould-Ely, H.Tsukamoto and D. E. Morse. 2011.  Engineering grain size and electrical properties of donor-doped barium titanate ceramics. UCermics Internatnl. Udoi:10.1016/j.ceramint.2010.08.040 (in press).
	Ould-Ely, T., K. Niesz , M. Luger., l. Kaplan-Reinig, K. Niesz, M. Doherty and D. E. Morse. 2011. First large-scale engineered synthesis of BaTiO3 nanoparticles using low temperature bioinspired principles. UNature ProtocolsU 6: 97-104.
	Qian, F. and D.E. Morse. 2011. Miniaturizing microbial fuel cells.  Trends in Biotechnol  (in press).
	Schwenzer, B., J. Hu, and D. E. Morse. 2011. Correlated compositions, structures, and photoluminescence properties of GaN nanoparticles. Adv. Mater. (in press).
	Neilson. J.R. J.A. Kurzman, R. Seshadri2, and D.E. Morse. 2011. Ordering double perovskite hydroxides by kinetically controlled aqueous hydrolysis.  Inorg. Chem.  (in press)
	Neilson, J.R., D,E. Morse, B. C. Melot, D. P. Shoemaker, J. A. Kurzman, and R. Seshadri. 2011. Understanding complex magnetic order in disordered cobalt hydroxides through analysis of the local structure.  Phys. Rev. B (in press).

	Olvera de la Cruz_Northwestern
	Parikh_UCDavis
	Rotello_UMass
	Safinya_UCSB
	Saraf_UNL
	Schultz_Scripps
	Selloni_Princeton
	Principal Investigator : Annabella Selloni; Co-PI:  Roberto Car
	Program Scope

	Strano_MIT
	Stupp_Northwestern
	Swartz_Stanford
	Tezcan_UCSD
	Tovar_JHU
	Wang_Y_MIT
	Whitesides_Harvard
	Zhu_E_Notre Dame





