Focus on Microscopy—Elasticity
Imaging: New Views for Polymers,

Proteins, Ceramics, and

Advanced Materials

Viscoelasticity has taken on new
importance in the rapidly developing
world of polymers, thin films, nan-
otechnology, and advanced materi-
als. Various atomic force microscopy
(AFM) modes such as phase, force
modulation, pulsed force, and
dynamic force modes have produced
images based on this property, but
quantitation has been a challenge,
particularly in the direct measure-
ment of Young’s modulus. Atomic
force acoustic microscopy (AFAM),
anew member of the scanning probe
microscopy (SPM) family, provides
an easy-to-use solution. It solves sev-
eral long-standing problems, includ-
ing measurement of elastic properties
of thin films unattainable by other
methods and the ability to differenti-
ate one polymer phase from another.

The value of this technique has
already been demonstrated by a few
pioneering groups who have success-
fully imaged the elastic properties of a
wide array of materials ranging from
conventional polymers! and thin
films® to more exotic ceramic
nanofiber composites,’ polysilicon
microelectromechanical systems
(MEMs),* and multidomain piezo-
electric materials.’ Until recently,
AFAM was purely a research device.
[t is now commercially available on a
line of SPMs from NT-MDT
(Zelenograd, Russia).®

Operation

Atomic force acoustic microscopy

is based on the work of Prof. Wal-
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Figure 1
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Differentiating polymer domains. Left: topography image. Right: AFAM detail in HDPE

domain. Dark area = LDPE. Brigh area = HDPE. (Sample courtesy of Dr. Joachim Loos, TU/Eind-
hoven, The Netherlands. Image courtesy of NT-MDT. )

ter Arnold of the Fraunhofer Insti-
tute for Nondestructive Testing
(Saarbriicken, Germany).” Hirse-
korn et al. best describe the differ-
ences between conventional AFM
and AFAM.® In conventional
AFM, the cantilever oscillates
while the surface is scanned, result-
ing in force interactions between
the tip and the sample. In AFAM,
an acoustic modulator is placed
below the sample, creating both
vertical and horizontal acoustic
vibrations. The system uses the
resulting flexion and torsion of the
cantilever to produce images based
on the sample’s local elastic, adhe-
sive, and frictional properties. This
type of analysis is called contact
resonance spectroscopy and simul-
taneously produces topography and

AFAM images.
The NT-MDT Web site uses ani-

mation to explain both the actual
experiment and the derivation of
the image and the measurements.’

The tip is placed near the surface of
the sample, and the sample is acous-
tically stimulated by a piezoelectric
transducer. A four-sector photo-
diode coupled to a lock-in amplifier
analyzes the cantilever motion.
That motion depends on the stiff-
ness of the tip-sample contact and
on the contact radius, both of which
are functions of Young’s modulus of
the sample and the tip, the tip
radius, the load exerted by the tip,
and the geometry of the surface.
Applying Hertz’s model of a clamped
spring generates the contact stiff-
ness, k*. By measuring k* for a refer-
ence sample for then the unknown,
both Young’s modulus and the
indentation modulus can be calcu-
lated. Vertical and lateral elastic
forces, adhesion, and friction are
nonlinear with distance. However, if
the tip-to-sample vibration is kept
sufficiently small, the relationship
fits a linear model, and Young’s mod-
ulus can be calculated with a resolu-
tion of a few tens of nanometers.

confinued



ELASTICITY IMAGING continued

Distinguishing
polymeric phases
and fine structure

As illustrated in Figure 1,
AFAM solves the long-
standing problem of dif-
ferentiating one polymer
domain from another. A
sample was made by
clamping together alter-
nating layers of high-
density and low-density
polyethylene (HDPE and
LDPE), and then cross-sectioning
them. The topography AFM image
on the left fails to reveal much
about the sample. However,
because HDPE is stiffer than
LDPE, it produces a brighter
AFAM signal, clearly elucidating
not only the difference between
one domain and the other, but fine
detail within the HDPE domain.

Figure 2
polyethylene single crystals. (Image

courtesy of NT-MDT.) Scan area:
7 X7 pm.

AFAM can also be used to image
other polymeric fine structures. Fig-
ure 2 shows the delicate detail of a
polyethylene single crystal. When
coupled with a thermal stage, the
AFAM can be used to track changes

on heating and cooling.

AFAM can operate either in air or
in liquid. Since proteins are large
biopolymers, it is not surprising
that this technique has also been
applied to the analysis of compos-
ite protein films.

New applications for
ceramics and advanced
materials

The new technique has been used for
the analysis of common nonpoly-
meric materials such as clay. Prasad et
al.’ reported that the presence of
clay minerals, especially those with
grains smaller than 2 pm, “alter the
elastic and plastic behavior of materi-
als significantly . . . As pore-filling
materials, they block hydraulic path-
ways and decrease permeability. In
the presence of water, [they] can swell
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Fine structure in

Figure 3

and cause considerable formation
damage.” AFAM provides quantita-
tion that was previously inaccessible.

The technique also reveals informa-
tion for exotic advanced materials
such as nanoparticles and carbon
nanotubes. While it still faces chal-
lenges when the substrate is very soft
and sticky, AFAM provides high-
definition images for firmer materials
such as the submicron permalloy
nanoparticles shown in Figure 3.

Summary

AFAM is a powerful new technique
for investigating the surface elasticity
of soft, as well as very stiff materials
where other AFM techniques such as
force modulation have failed. Easily
added to existing atomic force micro-
scopes, its images improve contrast
and reveal detail unavailable through
conventional phase or topography
images and, unlike nanoindentation,
it is much less destructive. Further-
more, it provides direct, quantitative
measurement of both the indentation
and Young’s modulus on a nanoscale.
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