Scientific Applications of
Infrared spectroscopy

Yao-Chang Lee , yclee@nsrrc.org.tw
National Synchrotron Research Radiation Center

Winter School on Free Electron Lasers et
Jan 20, 2022, NSRRC, Hsinchu, Taiwan e




L
Outline
X+Mid-Infrared (Mid-IR) and TeraHertz (THz)
Radiation

X+ The Interaction between Mid-IR/ T-ray and
Matter

x:Introduction of Mid-IR End-Statlon and
| Technologles

onpplications of Mid-IR/ THz in Imaging




Mid-Infrared (MIR) Radiation
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TeraHertz (THz) Radiation/ T-ray

EM Waves in a Freqguency Range 0.1 - 10 THz
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This iIs the so-called d@erahertz gapO 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. @




¥ & Raman Scattered (anti-Stokes)
<& A<A

excitation

Elastically Scattered

W A= Aexcitation
W Fluorescence

A=A

emission

Raman Scattered (Stokes)
A>A

excitation

excitation




Region Transition
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Infrared active vibrations (those that absorb IR radiation)
must result in a change of dipole moment

ex: OH with permanent dipole |
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Vibrational Spectroscopy (VS) probes molecular vibrations

Vibrational Spectroscopy

Infrared spectroscopy Raman Spectroscopy

Selection rule for transitions
Infrared : Molecular dipole moment must change during vibration
Raman : Molecular polarizability must change during vibration

IR spectroscopy is more sensitive than Raman spectroscopy

Two techniques are complimentari/-




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

x The Interaction Between Mid-IR/THz and Matter
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Characteristic 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: CH, stretching
ex: CH, bending-rocking, scissoring, waggingandtwisting
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Functional Groups and Fingerprint in a FTIR Spectrum
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Distinct IR Markers of Cellular Components
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Introduction of Mid-IR Technologies
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A Micro-FTIR Mapping
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A NanolR: AFM coupled with FTIR
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Synchrotron-based NanolR in the World
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A Infrared Spectro-Microtomography at ALS
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Nature Methods ,10, 8611 864 (2013)
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Applications o Mid=IR/SIIHZ SpEectrescopy and Imaging
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Molecular Imaging of Paper Cross Sections with FTIR

Microspectroscopy and Principal Component Analysis (PCA)
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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.

Normal Colon Tissue Section Precancerous Colon Tissue Section

H&E stained Reference S-Gly L-Gly H&E stained Reference S-Gly L-Gly

S-Gly: Short-chain Glycan
L-Gly: Long-chain Glycan

. Invention 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.

--.!.-..I'. Oral cancer diagmostics based on infrared

spectral markers and wax physisorption
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Survelllance for the Medication of

Autoimmune Disorder Disease
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The relation between Glycosylated Ig G and inflammation

anti-Hinflammatory pro-inflammatory ADCC |, but
sialic acid bisecting complement activation
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