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ABSTRACT 
 
The ability to unambiguously identify arbitrary material 

at the nanoscale using a scanning probe microscope has 
long been a major research goal of probe microscopy. 
While the atomic force microscope (AFM) has the ability to 
measure a range of material properties including 
mechanical, electrical, magnetic and thermal, the technique 
has lacked the robust ability to characterize and identify 
unknown materials. Infrared spectroscopy is a benchmark 
technique routinely used in a broad range of sciences to 
characterize and identify materials on the basis of specific 
vibrational resonances of chemical bonds. We will discuss a 
new technique (AFM-IR) which integrates the capabilities 
of AFM and infrared spectroscopy to allow chemical 
characterization on the micro and nanoscale.  We will share 
the details of the measurement technique including 
application examples on polymer composites and blends. 
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1 INTRODUCTION 
 
A number of AFM probe-based techniques have been 

developed to beat the diffraction limit of conventional IR 
measurements, including near field optical techniques.[1-5] 
The near field techniques make use of either small apertures 
which significantly limit the throughput of the light in the 
IR range or an “apertureless” scattering technique.  The 
“apertureless” techniques suffers from significant 
background signals and weak scattering signals requiring 
long integration times and typically limiting it to select 
samples with ideal properties such as a strong phonon 
resonance.  Another technique to achieve high resolution IR 
spectroscopy is based on measuring the local temperature 
rise from spectral absorption through the use of 
temperature-sensing probes integrated with conventional 
Fourier Transform IR (FTIR) spectrometers.[6-7].  The 
thermal technique, although demonstrating high resolution 
on select samples, more typically has resolution similar to 
traditional IR microscopy.  This is due to the time scale at 
which the measurement occurs and the thermal diffusion 
within the material limiting the resolution to the several 
micron scale. 

To our knowledge, however, none of these techniques 
provide readily interpretable broadband IR spectroscopy 
with nanoscale resolution. 

 

 

 
 

Figure 1.  (Top) Schematic diagram of the AFM-IR 
technique for nanoscale IR spectroscopy. (Bottom) An 
example cantilever ringdown after excitation by sample IR 
absorption and rapid thermal expansion.   

 
2 TECHNIQUE 

 
AFM-IR[8-10] uses the tip of an AFM to measure the 

local photothermal expansion resulting from IR light 
incident upon a sample.  This technique enables the ability 
to first map the topography of the sample using the contact 
mode AFM, then obtain a high quality IR spectrum at a 
selected point in an AFM image, automatically map spectra 
at an array of points on a sample or create an image of the 
local absorption of the sample at a fixed wavenumber to 
enable chemical mapping 

Previous work with the AFM-IR technique used a free 
electron laser as the source of IR radiation.  We have 
employed a pulsed tunable IR source with an AFM.  The 
tunable IR source can be adjusted in terms of the output 
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wavenumber to continuously cover the range from 1200 to 
3600 cm-1, with lower power also available from 1000-1200 
cm-1  This range covers a major portion of the mid-IR 
spectrum including important CH, NH and CO bands, as 
well as the carbonyl and amide I/II bands allowing for 
extensive characterization of different samples.  The pulse 
length is in the nanosecond range and the repetition rate of 
the source is 1 kHz.   

The pulse of infrared light from the tunable source is 
directed under a region of a thin sample that is placed on 
the surface of an IR transparent prism.  This configuration 
causes most of the illumination to reflect back into the 
prism as the angle of illumination is selected to cause total 
internal reflection.  Thus minimal IR illumination is 
incident on the AFM probe.  When the source is tuned to an 
absorption band of the sample, the absorbed radiation heats 
up the local area, resulting in a rapid thermal expansion of 
the sample.  This rapid thermal expansion rapidly 
deflections the cantilever and excites resonant oscillation 
modes of the cantilever as shown in Figure 1.  The 
ringdown can be analyzed using Fourier techniques or other 
modes of analysis to determine the amplitude of the 
oscillation.  The amplitude of this ringdown is proportional 
to the strength of IR absorption under the AFM tip.   

In addition to the IR absorption,  Fourier analysis can be 
used to measure the frequencies of cantilever oscillation in 
the ringdown which are the contact resonances of the AFM 
probe in contact with the sample surface. These contact 
resonances are dependent on the contact stiffness of the 
sample directly under the AFM tip.[11,12]  While the 
current measurements just provide qualitative values of the 
stiffness and viscosity, recent progress has been made in 
extracting quantitative measurements of elastic and viscous 
properties of materials.[13]   

This allows complementary and simultaneous mapping 
of mechanical properties through measurements of the 
ringdown resonant frequencies.  By combining these 
measurements with the topography and IR absorption, the 
sample under study can be characterized for a number of its 
material properties on the nanoscale.  In addition the 
thermal properties of the sample, such as the melt or glass 
transition temperature can be determined locally by using 
nanoscale thermal analysis. 
 

3 RESULTS 
 
The AFM-IR technique works best with thin samples 

that have sufficient thermal expansion to allow a 
measurable response.  In addition, if the sample is too thick 
the IR illumination will be absorbed through the thickness 
of the sample and not reach the surface of the sample to 
excite the probe.  This means the samples need to have a 
thickness range from a couple of microns down to 
approximately 100 nm.  The samples also need to be placed 
on the surface of the IR transparent prism.  There are a 
number of ways to accomplish this but the two primary 
ways are to use ultramicrotomy or to spin or drop cast a 

sample out of a solvent solution.  Using ultramicrotomy we 
target sample thicknesses between 100 nm and 1000 nm 
and then we transfer the sections to the prism surface.  We 
have used many styles of cantilevers, including standard 
contact mode cantilevers, nanothermal analysis cantilevers, 
and novel enhanced resonance probes.[14]  

 
 

 

 
Figure 2. (Top) Spectral line map over a polymer blend 

containing acrylonitrile-butadiene styrene (ABS) and 
polycarbonate (PC). (Bottom) Example spectra measured 
by AFM-IR compared to conventional Fourier Transform 
Infrared (FTIR) library spectra. 

We have used AFM-IR to measure and map a variety of 
polymer and biological samples.  Figure 2 shows 
measurements performed on a blend of polycarbonate (PC) 
and acrylonitrile butadiene styrene (ABS).  These materials 
are blended to create a high impact material which provides 
improved properties including high flow for molding, heat 
resistance and toughness.  Polymer blends like these are 
used in many applications including automotive and 
consumer electronics.  A number of AFM-IR spectra across 
the 2800-3200 cm-1 range, which includes the C-H stretch, 
were made along a line across the sample.  The separation 
between each spectra was ~300 nm which allowed 
measurements in both the domain and matrix within the 
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material.  The top portion of Figure 2 displays a line 
spectral map which is an image of the IR absorption as a 
function of wavenumber and position on the sample.  Local 
chemical variations on the sub micron scale are clearly 
resolved via the change in the position of the CH peak 
between 2920 and 2970 cm-1 as the tip moves from the PC 
to the ABS domains. 

 

 

 

 
Figure 3. Nano thermal measurements (top), AFM-IR 

spectra (middle) and a chemical map (bottom) of a PET-
nylon composite sample. 

 
Figure 3 demonstrates the benefits of the nano thermal 

analysis and nano IR spectroscopy on a polymer composite 
sample.  The sample is a microtomed section of a PET fiber 
bundle embedded in a polymeric matrix, originally 
misidentified by the material provider as polylactic acid.  
The sample was initially measured using the thermal 
analysis.  This showed the characteristic glass and melt 
temperatures of PET on the fibers but did not show the 
expected transition for the matrix material had it been 
polylactic acid.  The sample was then measured using the 

nano IR spectroscopy.  Again the PET fibers showed the 
characteristic absorption bands for PET including a strong 
carbonyl peak.  The matrix had absorption peaks at the 
Amide I and Amide II.  Spectra were exported to BioRad 
KnowItAll software which suggested that the matrix 
material was a polyamide (nylon) material.  This correlated 
well with the thermal measurements which showed a melt 
transition at ~200° C.  It was later independently confirmed 
that the AFM-IR material identification was correct. In 
addition to measuring spectra at select locations, the sample 
surface can be mapped in terms of the absorption at a select 
wavenumber.  An example of this is shown in bottom 
portion of Figure 3.  The IR source was tuned to 1640 cm-1, 
which is the Amide I band, while the probe was scanned 
across the sample surface over an area of 30 x 15 um. The 
matrix appears mostly light indicating a stronger absorption 
in the nylon. 
 

 
Figure 4. The AFM-IR technique provides spectra of 

nanoscale areas that have a good correlation to FTIR 
measurements on bulk samples.  This plot shows a 
comparison of the AFM-IR spectra of polystyrene with a 
reference spectra measured by FTIR.  

 
One of the primary benefits of the AFM-IR technique is 

that the technique provides rich spectra that are well 
correlated to traditional FTIR spectra. Figure 4 shows a 
comparison between measurements made on a polystyrene 
sample with the library spectrum from traditional FTIR.  
Despite the fact that the AFM-IR measurements are 
performed on length scales orders of magnitude smaller that 
bulk FTIR, the measurements exhibited generally good 
correlation between FTIR and AFM-IR.  This enables the 
identification of the material in contact with the probe by 
importing the AFM-IR spectra into a FTIR database library. 

4 CONCLUSION 
The AFM-IR technique allows the measurement of the 

IR absorption of a sample at the nanoscale.  In addition, the 
topography, mechanical and thermal properties can also be 
measured on the same sample allowing a more complete 
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characterization of the sample.  The broad spectral range 
and the direct correlation of the signal to the IR absorption 
makes possible the comparison of the AFM-IR spectra with 
the extensive library of FTIR spectra allowing for the 
identification of unknown samples. 
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