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Recent advances in chemical imaging allow material composition characterization at the nanoscale. This 
significantly boosts the fundamental understanding of materials, detailed understanding of their 
structure, and guides the overall design of novel functional materials. Chemical imaging methods 
(optical spectroscopy, secondary ion spectrometry, mass spectrometry to name a few) vary in data 
acquisition, sample preparation, and spatial resolution; and thus, offer common yet nonidentical 
applicability for different samples [1]. However, many of these methods have a common feature – the 
chemical composition assignment is based on spectral characteristics acquired in a well-defined 
nanoscale region. As the field matures, more instruments and operational modes become available 
generating more data and requiring relevant processing tools used to operate on images, spectra, and 
combinations of thereof.  
 
Coupling atomic force microscopy with infrared spectroscopy is a recent addition to the chemical 
imaging toolkit. A pulsed infrared laser triggers periodic thermal expansion of the sample, which is then 
detected by an AFM tip. As the absorption of the IR light is wavenumber-specific and distinct for 
different materials, it is possible to correlate regions of similarity with specific material or sample 
property. Recent advances in AFM-IR allow imaging of polymer blends and nanocomposites, biological 
tissue, and ion migration; which makes it a highly relevant technique [2]. Currently there are two 
operational modes: an acquisition of a single wavenumber map, which has full AFM resolution, and an 
acquisition of a sparse arrays at full spectral resolution. A direct attempt to measure full spectral 
response at each point of an AFM scan would be prohibitively long, and very likely to be disturbed by 
sample drift. In order to yield a full resolution dataset which could be used for correlative analysis, the 
two types of data – a spectral array and a set of single wavenumber maps, have to be combined in a 
physically meaningful way. Methods for combining multiple data channels with different spectral and 
spatial resolution have been intensively explored and overall are commonly referred to as pan-
sharpening (Figure 1). One of these approaches, which is very suitable for the case of AFM-IR, relies on 

coupled non-negative matrix factorization (CNMF) of the data.  
 
We demonstrate the applicability of CNMF-PS algorithm for synthetic data, experimental AFM-IR with 
known ground truth and an experimental AFM-IR with unknown ground truth. We analyze the 
algorithm parameters (downsampling rate, number of NMF components, number of single wavenumber 
maps used) on the quality metrics of the PS operation. We estimate the geometric and spectral distortion 
of the CNMF algorithm output for both experimental and synthetic data and yield practical 
recommendations on how to perform reconstruction of the AFM-IR datasets (Figure 2). We use our 
method for the analysis of plant cell wall materials and derive the correlation between the spatial 
distributions of chemically dissimilar components provided by CNMF-PS and local physical property 
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(mechanical stiffness measured as the shift in AFM tip contact resonance). This example highlights the 
utility of PS algorithm for in-depth nanoscale characterization of various materials.  
 
This work can be readily adopted by other chemical imaging techniques generating spectral images. It 
allows physics-based constraints on the data reconstruction process and results in full spectral and full 
spatial resolution maps which would be impossible or impractical to measure directly. CNMF-PS offers 
a novel outlook on the chemical imaging measurement output as a subset of a bigger dataset which can 
be efficiently reconstructed and used for further analysis of localized properties [3].  
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Figure 1. The overview of pan-sharpening algorithm: a series of high spatial resolution maps acquired at 
a given frequency and a low spatial resolution dataset with full frequency spectrum in each point can be 
combined to reconstruct a dataset with full spectral and full spatial resolution.  
 

 
Figure 2. Pan-sharpened dataset is restored vey efficiently as evident from the comparison between 
single wavenumber maps (A, B) and point spectra (C). 
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