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×Introduction of Mid-IR End-Station and 

Technologies

×Applications of Mid-IR/ THz in Imaging 

and Science 



IR units: wavenumbers (cm-1) 
Mid-IR:  4000 ï400 cm-1

1 eV º8100 cm-1 

300 Kelvin º210 cm-1

Mid-Infrared (MIR) Radiation

EM Waves in a Frequency Range 1012 ~ 1013 Hz



This is the so-called óterahertz gapô. It has historically been

defined by the relative lack of convenient and inexpensive

sources.

Application in science and industry, offering complementary or

even alternative methods of material characterization.

Electronics Photonics
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Terahertz Technology:
optoelectronic devices

?
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ÅWavelength: 3 ï0.03 mm

ÅWavenumber: 3.3 ï333 cm-1

ÅEnergy: 0.41 ï41 meV

ÅTemperature: 1 ï100 K

TeraHertz (THz) Radiation/ T-ray
EM Waves in a Frequency Range 0.1 - 10 THz (1011~1013)



Events Activated As EM Interact With Matter

https://www.edinst.com/blog/raman-scattering-blog/



Region Transition

X - Ray Bond breaking/ Inner-shell electrons

Ultraviolet Valence-shell electrons

Infrared Vibration (Function groups, symmetry 

and structure of molecule)

Microwave Rotation

Radio Nuclear Spin/ Electron Spin

Origin of EM Absorption



intensitychanged

Origin of Absorption (cont.)

Infrared active vibrations (those that absorb IR radiation) 

must result in a change of dipole moment

ex: OH with permanent dipole IR active

O2, N2, Cl2 w/o IR inactive

frequency(energy) versuspeak intensity(amplitude)

freq still the same



Fundamental Vibration Transition (Mid-IR)

~ 10-15 s

Vibration Relaxation  

10-11 ~ 10 -14 s10-14 ~ 10 -11 s

10-3ï100 s

Fluorescence
10-9 ~ 10-6 s
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UV/ VIS

UV/ VIS

Reaction Coordinate (Bond length, bond angle, or dihedral angle)

Photophysical Processes



Vibrational Spectroscopy

Infrared spectroscopy   Raman Spectroscopy

Vibrational Spectroscopy (VS) probes molecular vibrations

IR spectroscopy is more sensitive than Raman spectroscopy

Two techniques are complimentary

Selection rule for transitions

Infrared : Molecular dipole moment must change during vibration

Raman  : Molecular polarizability must change during vibration

Basic Principle of Infrared Spectroscopy



http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s22-04-entropy-changes-and-the-third-.html

Motions of Molecule (Thermal Motion) 

http://2012books.lardbucket.org/books/principles-of-general-chemistry-v1.0m/s22-04-entropy-changes-and-the-third-.html


×The Interaction Between Mid-IR/THz and Matter



Various Molecular Interactions in the THz frequency Region 

The terahertz óógapôô is highlighted.

Parrott  et al., Journal of Molecular Structure 1006 (2011) 66ï76



ex: CH2 stretching

ÅCharacteristic Vibrational Bands for Organic Compounds

There are two main vibrational modes:
Stretching - change in bond length (higher frequency)

Bending - change in bond angle (lower frequency)

ex: CH2 bending--rocking, scissoring, wagging, andtwisting



Distinct IR Markers of Cellular Components

https://www.chemistryscore.com/how-to-interpret-ir-spectra/

Graphics source: Wade, Jr., L.G. Organic Chemistry, 6th ed. Pearson Prentice Hall Inc., 2006 

Functional Groups and Fingerprint in a FTIR Spectrum



ÅEnd-station of Infrared Microspectroscopy  at NSRRC

100 mm

1. Spectral Resolution: 0.125 cm-1

2. Lateral Resolution: 8 x 8mm2

100 ɛm

Beamline Optical layout

Synchrotron Beam Beamline and Optical Collimation SetIR and Visible images of Human colon sections

Introduction of Mid-IR Technologies



Lateral resolution of confocal infrared microscopy is

defined by the size of focused beam on sample surface.

FTIR

BM
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Å Micro-FTIR Mapping



Å NanoIR: AFM coupled with FTIR

ÅBroadband IR

Å10 nm spatial resolution

ÅFTIR absorption spectroscopy 

& chemical imaging

ÅExcels for polymers, life 

sciences

FTIR

BM

FFT
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Synchrotron-based NanoIR in the World



Nature Methods ,10, 861ï864 (2013)

ÅInfrared Spectro-Microtomography at ALS

http://www.nature.com/nmeth/journal/v10/n9/full/nmeth.2596.html#/access


Organic nano-

Contaminants

Polymer blends & 

Block Copolymers
Multilayer films Nanofibers

Nano-Composites

++ +

Perovskites & Solar Cells

nanoIR spectra

2D Materials & Graphene

Life Science: 

Single protein 

molecule

https://www.anasysinstruments.com/techn

ology/tapping-afm-ir/

Chem. Rev.,117 (7), pp 5146ï5173 (2017)

Sub-10 nm Spatial Resolution Chemical

Imaging and Spectroscopy of a Graphene

Wedge

Centrone et al., Analyst, 143, 3808 (2018)

ECS Journal of Solid State Science and Technology

5 (4), 3018(2015)
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Applications of Mid-IR/ THz Spectroscopy and Imaging



http://pubs.rsc.org/en/content/articlehtml/2008/ja/b801358f

Micro-FTIR analysis of a pressed painting fragment from Foladi. Visible light picture, average

FTIR spectra and chemical mappings. Regions of interest considered for calculating maps are

indicated in wavenumbers. Map size: 144Ȗ384 ɛm2; step and beam size: 12Ȗ12 ɛm2.

New analytical approach for imaging

paper cross sections at molecular

level

http://link.springer.com/article/10.1007%2Fs00216-013-6967-1

Molecular Imaging of Paper Cross Sections with  FTIR 

Microspectroscopy and Principal Component Analysis (PCA)
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Genuine or Counterfeit Jade?

GenuineCounterfeit



I̧nvention patents were approved to claim the cancer screening of colon cancer, oral cavity

cancer, breast cancer, gastric cancer, ovary cancer, cervical cancer, skin cancer, brain

cancer and prostate cancer by using WPK-FTIR imaging.

Normal Colon Tissue Section Precancerous Colon Tissue Section

L-GlyReference S-GlyH&E stained L-GlyReference S-GlyH&E stained

iR-WPK imaging is a method utilized for estimating the physisorption strength between 

n-alkane (glycan adsorbents) and glycan anchored in the surface of tissue section.

S-Gly: Short-chain Glycan

L-Gly: Long-chain Glycan

Early Detection of Cancer



https://i.ytimg.com/vi/sNIcR1PAGIk/maxresdefault.jpg

T lymphocyte

https://www.blossombio.com/eNews/20210414/index.html

(natural killer T cell): Ǎ
ǉinnate immunity Ǌ Ǎ T B Ǎ

Surveillance for the Medication of 

Autoimmune Disorder Disease

https://i.ytimg.com/vi/sNIcR1PAGIk/maxresdefault.jpg
https://www.blossombio.com/eNews/20210414/index.html


The relation between Glycosylated Ig G and inflammation

https://d3i71xaburhd42.cloudfront.net/90a9ddf33dbdbaf030ba199d12e8c029c8f101b7/2-Figure1-1.png
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Patient 1 2 3 4 5 6 7 8 Healthy

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 

Healthy case 

Patients 

Disease Prognosis Prediction after Medication



Synchrotron IR Opens a Window to 

Jurassic World 

Science, 355(6324), 441 (2017)

Nature, 496, 210ï214 (2013) Scientific Reports, 5, 12338(2015) Nature Communications, 8, 14220, (2017)
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