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PiFM
Optical view

Different number of MoS2

layers are identified via Raman 
and photoluminescence 
measurement.  The same 
region is imaged via PiFM and 
successively zoomed in via 
PiFM to reveal more detailed 
structures. 

Nanoscale Chemical Imaging with Infrared Photo-induced Force Microscopy
Sung Park, Derek Nowak, and Thomas Albrecht, Molecular Vista, Inc.

Vista-IR – Nano-Chemical Analysis via PiFM (AFM + IR) Vista-IR – Easy-to-use “Nano-FTIR” Imaging

hyPIR (Hyperspectral PiFM IR Imaging) – PiFM Spectrum at Each Pixel 

Collocated Confocal Raman, Nanoscale IR (PIFM), and AFM

The spectra in 
these color-
masked regions 
are averaged and 
displayed on the 
right, with 
matching colors.

The above blue, red, and green images are displaying the photo-induced 
force signals at 1533, 1471, and 1495 wavenumbers respectively; they 
signify different chemical species.

Any number of spectra 
along a user-defined 
line can be displayed.  
In this case, 7 spectra 
along this line are 
displayed on the right 
with corresponding 
color.  
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Topography
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Sample: David Ginger, Raj Giridharagopal, Alex Jen - Univ. of Washington

hyPIR Image of Perovskite Solar Cell Material

Chemical map information is overlaid onto 3D 
topographical image.

Nanoscale Vis/IR Spectroscopy & Imaging on 1D/2D Materials
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Surface 
Phonon 
Polariton 
in hBN 
Nanotubetopography s-SNOM PiFM

While the topography is quite messy due to 
exfoliation, PiFM image is rather clean.  When 
the PiFM image is displayed with a rainbow 
lookup table, one can see that distinct regions are 
shaded with the same color, each color indicating 
the number of layers.  Guided by the Raman and 
PL results of the same region, we can see that 
after the first layer, each additional layer 
contributes ~0.14 mV of PiFM signal.

1 Layer   – 0.20 mV

2 Layers – 0.34 mV

3 Layers – 0.48 mV

4 Layers – 0.63 mV

topography PiFM

PiFM

PiFM

Nanoscale Identification of MoS2 Layers and Defects

This flake is 
about 140 mV 
higher than the 
surrounding 
region, indicating 
that it is one 
layer thicker than 
the surrounding 
region.  

Sample: Changhyun Ko, Eunpa Kim, UC Berkeley

lExc. = 488 nm

PiFM Signal vs Number of Layers

Photo-induced Force Microscopy (PiFM) obtains nanoscale 
(~ 10 nm) chemical map and AFM topography 
concurrently. Mechanical force detection of optical force 
(dipole-dipole) makes it easy to use like a standard AFM.

(750 - 1850 cm-1)

PS-b-PMMA Block Copolymer (contrast reverses!)
PMMA

1733 cm-1

PS

1492 cm-1

Combined

PMMA PS

2.62 nm

0.00 nm

Topography

100 nm

PS homopolymer

PMMA homopolymer

PiFM and FTIR spectra 
correlate well.

PS-b-PMMA Via Structure 
Normal 
topography

Missing 
PMMA

Filled 
PS

Graphene monolayer is highlighted via confocal Raman imaging. The same information can be acquired via PiFM 
with < 10 nm spatial resolution and far superior SNR.

X = 0 X = 0.5 X = 1

LixFePO4

500 nm

850/cm

250 nm

1094/cm 1435/cm

Nano Chemical Analysis of 
Inorganics

Nanoscale chemical mapping of inorganic materials 
based on their IR vibrational modes. 

Turnkey System

Wavelength range: 750 – 1850 cm-1

Rapid Turn-around

A new tip, a new sample, full alignment of the AFM tip, and acquisition 
of two spectra and two images at 1466 cm-1 and 1492 cm-1 – in less 
than 30 minutes!
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PiFM Topography

GM

GM
GM GM

Quartz
Quartz

Quartz Quartz

GM = Graphene Monolayer

Graphene

MoSe2

MoSe2 monolayer is highlighted via PiFM with < 10 nm spatial 
resolution and excellent SNR.

Processed hBN
topo

PiFM

Quality of hBN monitored via 1370 cm-1 peak.


