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IR spectroscopy
IR spectroscopy is a vibrational spectroscopy method for the
characterization of “any” type of material

It enables label-free and non-damaging extraction of chemical information
on (bio-macro)-molecules on diverse class of samples and at different
spatial resolution from their roto-vibrational profile.

An IR spectrum contains info on the sample composition (chemical
identity), and finer details such as molecular order or molecular structure,
molecular network, etc...(holistic identity) depending on the sample under
investigation and on the considered IR spectral domain
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Chemical and holistic identity
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e IR spatial domains
e SISSI-Bio Instrumentation

Synchrotron Infrared Source for spectroscopy and Imaging

Nano

Submicron

Near Field microscopy
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IR scattering-type scanning
near-field optical microscopy

FTIR spectroscopy



Far Field versus Near Field IR
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Review of near-field optics and superlenses for sub-diffraction-limited nano-imaging
https://doi.org/10.1063/1.4964498

(a) Two features of a specimen in free space are separated by a distance A<A,/2. When illuminated by a plane wave, the resulting intensity
pattern in the far-field is unresolved due to the diffraction limit.

(b) A small aperture of diameter a<A, under the same illumination is brought within a distance z<a to a specimen and scanned in
the lateral direction. Since the near-field radiation pattern is localized to the aperture itself, each feature is illuminated separately provided
that a should be smaller than A . After the full scan is completed, the result is a resolved image.

(c) Nlustration of the apertureless near-field concept. Two features of a sample separated by a distance A<Ay/2 can be resolved with local
excitation by a sharp probe.
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The Rayleigh Criterion Vis Camera
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Far Field FTIR microscopy & imaging

Schwarzschild
or Cassegrain objective
Reflective Achromatic Optics
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<Y Far Field FTIR microscopy

SR brightness advantage in practice

3500 3000 2500 2000 1500 1000 500 3500 3000 2500 2000 1500 1000 500
2 ——20X20| v ! ' 2 —— 20X20]
11 F i 11
= =2 10 :.,._._.__ — [ S
- - :
09
0.8 R S S S
— 10X10
11
. = = 1.0 I ried
Conventional - F ol
Source N
’ 5X5]
11
= 2 10 L . vl
~ - L |1 . .
ool i Diffraction
08 ot Limited FTIR
‘ T w Microscopy is
= = 1.0 Fﬁ“'-v— it AN s I .
- -t practically
1 \ 09 + .
IR i1 S RO L | O achievable
3500 3000 2500 2000 -‘1500 1000 500 3500 3000 2500 2000 ‘1500 1000 500 Only W|th IRSR
Frequency (cm ) Frequency (cm ')




Near field scattering-type scanning
< near field optical microscopy

Near field microscopy O # A,

s-SNOM

IR detector

Resolution ~20 nm (tip curvature radius)
Penetration depth ~100 nm

Suitable for thin samples and surface analysis
Allows sample depth profiling

Spectroscopy -> SR-IR, broadband IR laser
Imaging -> Tunable IR laser
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Sy IRSR advantages for IR nanoscopy

» Ultra-broadband nature
» Superior density of power for spectral interval
» Superior spectral stability

The ultra-broadband nature of IRSR makes it the ideal source for IR

nanospectrsocopy
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analysis.

damage

S/N ratio is the key parameter for vibrational

The superior stability of IRSR compensate for the
lower spectral density, without inducing radiation

Broadly-Tunable External
Cavity Quantum Cascade I
Laser (ECqcL™)

For barely covering
almost half of the
interesting MIR
part of the
spectrum, several
QCL chips are
needed.

3600 3200 2800 2400 2000 1600 1200 800
Waverurrbers (ani')

Only the ultra-broadband nature of IRSR can guarantee the
selectivity requirements for chemical and biochemical
analysis
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<Y - Near field PhotoThermal Expansion

Position sensitive detector

Near field microscopy O # A
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e resolution > 20 nm (tip diameter)
.\ AFM deflection « samples with high thermal expansion coefficient
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Far Field Optical PhotoThermal IR
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Step 1.
Pulsed, tunable, infrared laser source (pump) is focused
through a reflective (Cassegrain) objective

Step 2.

Colinearly introduce a visible laser, typically a 532 nm
green Raman excitation laser (probe) through same
objective

Step 3.

Detect green reflected (or transmitted) as a function of
IR laser wavelength tuning

When the wavelength matches an absorption band in
the sample the IR energy is absorbed causing a
photothermal response (Expansion, refractive index
variation) in the sample, thus changing its green
reflectivity
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mid infrared pulses Modulated
’ Fluorescence emission
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woling heating

Fluorophore @ [}
bright dark

Fluorescence
excitation

Y. Zhang, et al., JACS 143 (30): 11490 - 11499 .(2021)

Conventional O-PTIR effect induces only a tiny change in the intensity and angular
distribution of the scattered probe light due to the weak thermal dependence of the particle
size and refractive index. Typical fractional change is on the order of 10~4/K.

The temperature dependent modulation of the (auto-)fluorescence emission roughly 100X
larger than the typical photothermal sensitivity of biological materials based on thermal
expansion and/or index of refraction changes (of order 1074/° C). This strong temperature
dependence makes it possible to use (auto-)fluorescent emission as a reporter of
temperature increases associated with infrared absorption,



e SR FT-PTIR & SR FT-FPTIR
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https://www.nature.com/natecolevol/current-issue
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Single Cell IR micro-spectrum
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IRSR Cytology
= A Soft X-ray radiation damage

\ X-ray nanofocusing is a today reality but the extent to which the
{ é‘\ lateral resolution (dose) can be pushed without unacceptable bio- STXM
sample degradation is still an open question

A F M Step 2 (~ 10°Gy)

Hek293T cells

(human embryonic kidney) Step 3 (~ 107Gy)

step 0

Cell growth on 100 nm Si;N, membranes
O Cell fixation with PFA 3.7% , air drying

Step 4 (~ 102Gy)

step 1

-
Cell drying in vacuum @ TwinMic

Step 1 (p < 10°5 mbar) for 1:30 hour

step 2

Low Dose STXM mapping @ TwinMic 1 keV
Step 2 Estimated dose: 2*10° Gy

step 3

High Dose STXM mapping @ TwinMic 1 keV
Step 3 Estimated dose: 2*107 Gy

Cumulative estimated dose: 2.2*107 Gy

step 4

Ste 4 Very high dose STXM mapping @ TwinMic 1 keV
p Estimated dose: 6*108 Gy
Cumulative estimated dose: 6.2*108 Gy

340 630 920 1210 1500



IRSR Citology
Soft X-ray radiation damage
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Journal of Synchrotron Radiation. Journal of Synchrotron
Scientific Reports volume 5, Article number: 10250 (2015) 202027, pp. 1218-1226. Radiation, 2021, 28, pp. 231-239
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