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OVERVIEW

* Traditional Sampling Methods

o Transmission with 4-angle polarisation analysis
o Reflectance for in-situ monitoring of chemical and catalysis

reactions

 Macro-ATR Technique and Recent Applications™

o Novel Spirulina bioactive wound healing coating
o New f-carotene microcapsules using plant protein complexes

* Progress on New Piezo-Controlled ATR Technique**

O In-situ monitoring of electrochemical reaction in batteries Ce o

*Ref: ). Vongsvivut, D. Perez-Guaita, B.R. Wood, P. Heraud, K. Khambatta, D. Hartnell, M. Hackett, M.J. Tobin, “Synchrotron macro ATR-FTIR microspectroscopy for high-resolution
chemical mapping of single cells,” Analyst (2019) 144, 3226-3238.
**Ref: S. Liu, J. Vongsvivut, Y. Wang, R. Zhang, F. Yang, S. Zhang, K. Davey, J. Mao, and Z. Guo, “Monolithic Phosphate Interphase for Highly Reversible and Stable Zn Metal Anode,”

Angew. Chem. Int. Ed. (2023), 62, 4, €202215600.




TRADITIONAL SAMPLING METHODS

— Transmission with 4-Angle Polarisation Analysis —

Most samples must be

" 10 microns or thinner
| <+— Sample
“— |R transmitting window
(CaF2, BaF2 and ZnSe)
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POLARISED-IR SPECTROSCOPY
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FOUR-ANGLE POLARISATION IR MICROSPECTROSCOPY*
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*Ref: Y. Hikima, J. Morikawa, T. Hashimoto, “FT-IR image processing algorithms for in-plane orientation function and azimuth angle of uniaxially drawn
polyethylene composite film,” Macromolecules (2011), 44, 3950-3957.



FOUR-ANGLE POLARISATION IR MICROSPECTROSCOPY

By coupling an FTIR spectrometer to an IR microscope, high quality
(signal-to-noise) spectral data can be collected from microscopic samples.

—

Synchrotron Beam

+* Synchrotron-IR source and single-point MCT &
FPA imaging detectors

¢ High spatial resolution down to 6-8 um for
transmission and reflectance

croscope % Mid-IR range with MCT (3850-1000 cm™)

+* Mid-/Far-IR range with Si:B photodetector
(6000-380 cm™1)



TRANSM'SS'ON 0 Laser modification of silk protein for tissue scaffold printing: orientational

hyper-spectral imaging of silk

SWIN|  SWINBURNE
UNIVERSITY OF
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Tokyo Institute
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Ref [1]: M. Ryu et al., “Orientational Mapping Augmented Sub-Wavelength Hyper-Spectral Imaging of Silk,” Sci. Rep. (2017) 7, 7419.
Ref [2]: M. Ryu et al., “Nanoscale Chemical Mapping of Laser-Solubilized Silk,” Mater. Res. Express (2017) 4 (11), 115028.



Gain a better understanding the enhanced solubility of paracetamol form Ii

TRANSMISSION @ 20 s e o =5 e,
through their orientation using polarised IR mapping analysis
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Ref: R. Honda, M. Ryu, A. Balcytis, J. Vongsvivut, M.J. Tobin, S. Juodkazis, J. Morikawa, “Paracetamol micro-structure analysis by optical mapping,” Appl. Surf. Sci. (2019), 473, 127-132




TRANSMISSION ©

Improving the mechanical performance of PLA by using nano-crystalline
cellulose as fillers to produce durable biodegradable composite material
Use of additives such as nanocrystalline starch

and cellulose has shown improved mechanical

properties of the PLA.
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TRANSMISSION ©

Improving the mechanical performance of PLA by using nano-crystalline
cellulose as fillers to produce durable biodegradable composite material

SOLVENT CAST 100% PLA
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Ref: P. Takkalkar, M.J. Tobin, J. Vongsvivut, T. Mukherjee, S. Nizamuddin, G. Griffin, N. Kao, “Structural, Thermal, Rheological and Optical Properties of
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TRANSM'SS'ON e Improving the mechanical performance of PLA by using nano-crystalline

cellulose as fillers to produce durable biodegradable composite material
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TRANSM'SS'ON e Improving the mechanical performance of PLA by using nano-crystalline

cellulose as fillers to produce durable biodegradable composite material
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RA Characterization of electrically aligned reduced graphene oxide (rGO) sheets in
T NSMISSION 6 liquid crystalline elastomer (LCE) used as artificial muscles and soft actuators

SWIN'  SWINBURNE
BUR | UNIVERSITY OF | Manufacturing Futures Research Institute
*NE*  TECHNOLOGY

Bioinspired artificial muscle fibre
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Shape deformation

* Using reduced graphene oxide (rGO) to enhance the conductivity of thermally responsive LCEs, that have been used as
artificial muscles and soft actuators for robotic and sensor applications.

* This project aims at investigating the effect of applied electrical fields on the alignment of rGO embedded within the matrix
of LCE, to gain insights into its structure-property relationship critical for underpinning the performance enhancement of

these artificial muscles.

Ref: J. Ince, A. Al-gatatsheh, J. Vongsvivut, S. Juodkazis, N. Hameed, N. Salim, “Characterization of electrically aligned reduced graphene oxide sheets in liquid crystalline elastomer matrices,”
manuscript in preparation.



RA Characterization of electrically aligned reduced graphene oxide (rGO) sheets in
T NSMISSION 6 liquid crystalline elastomer (LCE) used as artificial muscles and soft actuators
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Ref: J. Ince, A. Al-gatatsheh, J. Vongsvivut, S. Juodkazis, N. Hameed, N. Salim, “Characterization of electrically aligned reduced graphene oxide sheets in liquid crystalline elastomer matrices,”
manuscript in preparation.



TRANSM'SS'ON e Insights into changes of molecular orientation in scissor-like two-directional

deformation of Ferroelastic Organic Crystals (FEOCs) during compression

SWIN!  SWINBURNE
BUR UNIVERSITY OF
*NE* TECHNOLOGY

+ Tokyo Institute
of Technology

Coupling Si:B photodetector on IRM’s FTIR microscope

Ref: S. Ranjan, M. Ryu, R. Morioka, S. Kamegaki, S. H. Ng, D. Smith, J. Vongsvivut, M. J. Tobin, S. Juodkazis, J. Morikawa, and S. Takamizawa, “Structural and Thermal Diffusivity Analysis of an
Organoferroelastic Crystal Showing Scissor-Like Two-Directional Deformation Induced by Uniaxial Compression,” J. Am. Chem. Soc. (2023), 145, 42, 23027-23036 .
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TRANSM'SS'ON e Insights into changes of molecular orientation in scissor-like two-directional
deformation of Ferroelastic Organic Crystals (FEOCs) during compression

SWIN|  SWINBURNE
UNIVERSITY OF
*NE* TECHNOLOGY

Average transmission spectra of Ferroelastic Polymer at different polarisation angles

Tokyo Institute
of Technology
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Ref: S. Ranjan, M. Ryu, R. Morioka, S. Kamegaki, S. H. Ng, D. Smith, J. Vongsvivut, M. J. Tobin, S. Juodkazis, J. Morikawa, and S. Takamizawa, “Structural and Thermal Diffusivity Analysis of an
Organoferroelastic Crystal Showing Scissor-Like Two-Directional Deformation Induced by Uniaxial Compression,” J. Am. Chem. Soc. (2023), 145, 42, 23027-23036 .




TRADITIONAL SAMPLING METHODS

— Reflectance for In-Situ Catalysis Reactions —

Sample must be either
polished, or thin and placed
on a reflective substrate

M <« sample

o« Reflective substrate

Motoﬂd — (gold, aluminum, ITO)
sample stage .=

\ANSTO

>



ReFLECTANCE ©

o THE UNIVERSITY

) JADELAIDE

In-situ monitoring of anti-freezing electrolytes for aqueous Zn battery

IR microscope BaF., window
beam detector

electrolyte
gold mirror
/ cooling stage

Linkam stage

“ 40% additive N
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» Changes of intensity at different wavenumbers across the temperature range suggest altered interactions between the
additives and co-solvents at the sub-zero conditions, leading to a new understanding of their anti-freezing mechanism(s).




Gaining insights into reaction mechanism of photoelectrochemical urea synthesis
REFLECTANCE 9 using in-situ synchrotron-FTIR technique
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» Spectral series collected over a range of applied voltage revealed the production of nitrogen intermediates over the
course of the reaction that led to insights into the mechanism, important for optimizing the production and yields.

Ref[1]: C. Han et al., “Nanostructured Hybrid Catalysts Empower the Artificial Leaf for Solar-Driven Ammonia Synthesis” Energy Environ. Sci. (2024), 17, 5653-5665.
Ref[2]: S. Zhou et al., “Solar driven Ammonia Synthesis with Co-TiO, and Ag Nanowires Enhanced Cu,ZnSnS, Photocathodes” Appl. Catal. B. (2024), 348, 123836.



IN-HOUSE DEVELOPED

HYBRID MACRO ATR-FTIR TECHNIQUE

— Recent Highlighted Applications —

A ANSTO
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OVERVIEW

Background

“Macro-ATR”

D 4

Macro-ATR

Devices

(A) Hybrid macro ATR-FTIR

—d

TOP view

F(B) Temperature-controlled
hybrid macro ATR-FTIR

( (C) Soft-contact piezo-controlled

macro ATR-FTIR (chemisorption)
ATR hemispheres

Magnetic mount

Microscope stage
insert

Sample support post

x-{y- sample
translation stage

Closed-loop z-axis
piezo linear stage

( (D) Soft-contact piezo-controlled

macro ATR-FTIR (electrochemical cell)

Electrochemical cell |
(EC-CELL™)

Si hemispherical crystal
inside magnetic mount

A

Ref: J. Vongsvivut, D. Perez-Guaita, B.R. Wood, P. Heraud, K. Khambatta, D. Hartnell, M. Hackett, M.J. Tobin, “Synchrotron macro ATR-FTIR microspectroscopy for high-resolution chemical
mapping of single cells,” Analyst (2019) 144, 3226-3238.




PRINCIPLE OF (MACRO) ATR-FTIR SPECTROSCOPY

ATR-FTIR utilizes TOTAL INTERNAL REFLECTION phenomenon when IR radiation travels through high index ATR

crystal and impinges on low-index sample surface at @, q4ent > 6. resulting in evanescent wave, which decays
exponentially into sample surface (d,)).

4 0 ) [spatial resolution with total internal reflection )
IRE (n,) . Rayleigh Equation:
r=122112x|NA
Sample (n,)

i

Numerical aperture
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_I_dp Penetration Depth
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[r =14 pm GeATR) |
- z J

Ref: J. Vongsvivut et al. Rapid determination of protein contents in microencapsulated fish oil supplements by ATR-FTIR spectroscopy and partial least square regression (PLSR) analysis,
Food Bioprocess Technol. (2013) 7, 265-277.



TRADITIONAL MICRO-ATR TECHNIQUE

Multilayer paint fragment from exterior of Provincial Hotel
(Fitzroy). Sample was not suitable for thin sectioning.

x Sample damage
X Contamination
% Slow scan

Cr-Fe-Cu

Visible image of a paint cross section recorded after standard micro-ATR “mapping” measurements (/eft),
showing indentation marks damaged by the high pressure from the ATR crystal (arrowed)

Ref: R. Sloggett et al. Microanalysis of artworks: IR microspectroscopy of paint cross-sections, Vib. Spectrosc. (2010) 53, 77-82.



MODEL 1: “HYBRID” MACRO-ATR WITH 20x OBJECTIVE

MACRO-ATR cantilever arm:

0 ORIGINAL model supplied
with 1-mm-dia facet Ge crystal.
HYBRID version: in-house modification to
accept 250-um-dia and 100-um-dia facet Ge
\ crystals from commercial micro-ATR objectives.

250-um-dia tip

J

\.

Non-contact position for
background measurement

Contact position for
mapping measurement

_®

v' No cross contamination

v’ Faster scan

J

Available sizes of Ge facet tip: 1 mm, 250 um and 100 um

v Minimal sample damage
\ i %)

offering a good range of contact pressure on samples.

Ref: V.K. Truong et al. Evolution of silica nanoparticle-polyester coatings on surfaces exposed to sunlight, J. Vis. Exp. (2016) 116, e543009.



MODEL 1: “HYBRID” MACRO-ATR WITH 20x OBJECTIVE

Step interval of the beam between measurement points is also reduced by a factor of 4 for Ge crystal (ng. = 4)

smallest projected aperture available ~1 um | smallest step (lateral) resolution =250 nm



MACRO‘ATR 0 Plasma jet transforms blue-green Spirulina microalgae into ultrathin bioactive
coatings for anti-bacterial wound healing applications (Patent No. AU2023902971)

Flinders
University

----------------------------------------------------------------
* .

*

*
.
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» Argon plasma jet technique: an innovative sustainable approach to harness antibacterial compound “phycocyanin” by
breaking down Spirulina cell wall creating uniform bioactive coating on the surface of the substrate in just one single step.

Ref: T. T. Nguyen, N. H. Nguyen, A. Hayles, W. Li, D. Q. Pham, C. K. Nguyen, T. Nguyen, J. Vongsvivut, N. Ninan, Y. Sabri, W. Zhang, K. Vasilev, V. K. Truong, “Transforming Spirulina
maxima Biomass into Ultrathin Bioactive Coatings Using an Atmospheric Plasma Jet — A New Approach to Healing of Infected Wounds,” Small (2023) 2305469.



MACRO-ATR 0 Plasma jet transforms blue-green Spirulina microalgae into ultrathin bioactive
coatings for anti-bacterial wound healing applications (Patent No. AU2023902971)

Flinders
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Ref: T. T. Nguyen, N. H. Nguyen, A. Hayles, W. Li, D. Q. Pham, C. K. Nguyen, T. Nguyen, J. Vongsvivut, N. Ninan, Y. Sabri, W. Zhang, K. Vasilev, V. K. Truong, “Transforming Spirulina
maxima Biomass into Ultrathin Bioactive Coatings Using an Atmospheric Plasma Jet — A New Approach to Healing of Infected Wounds,” Small (2023) 2305469.




MACRO-ATR 9 Investigating surface composition and encapsulation stability of novel B-carotene

microcapsules produced using pea/whey protein complexes
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Ref: W. Kim, Y. Wang, J. Vongsvivut, Q. Ye, C. Selomulya, “On Surface Composition of B-Carotene Microcapsules Comprising Pea/Whey Protein Complexes by Synchrotron-FTIR
Microspectroscopy,” Food Chem. (2023) 426, 136565.



IN-HOUSE DEVELOPED

PIEZO-CONTROLLED MACRO ATR-FTIR TECHNIQUE

— Current Progress In Battery Research —
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Piez0-ATR ©

In-operando monitoring of electrochemical reaction on Zn electrode

o THE UNIVERSITY

o ADELAIDE
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Ref: S. Liu, J. Vongsvivut, Y. Wang, R. Zhang, F. Yang, S. Zhang, K. Davey, J. Mao, and Z. Guo, “Monolithic Phosphate Interphase for Highly Reversible and Stable Zn Metal Anode,”
Angew. Chem. Int. Ed. (2023), 62, 4, €202215600.




PIEZO-ATR 0 In-operando monitoring of electrochemical reaction on Zn electrode
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4 Changes in relative intensity between )
salt anion and solvent suggested
decomposing reaction of the electrolyte
at the interface, useful for understanding
\_ interfacial reactions in the real battery! Y

formation of new solid
electrolyte interface
(Zn3(POy4),)

Electrolyte Composition (anion)
Salt: Zinc trifluoromethanesulfonate (Zn(Otf),)

Solvent: Dimethyl methylphosphonate (DMMP)
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Ref: S. Liu, J. Vongsvivut, Y. Wang, R. Zhang, F. Yang, S. Zhang, K. Davey, J. Mao, and Z. Guo, “Monolithic Phosphate Interphase for Highly Reversible and Stable Zn Metal Anode,”
Angew. Chem. Int. Ed. (2023), 62, 4, €202215600.




PIEZO-ATR ©

THE UNIVERSITY

“ADELAIDE

Biocompatible electrolytes for highly reversible Zn anode in Zn battery

a n Implanted Chips - v" Long life span (~5,500 hours = 230 days)
): ' v High Coulombic efficiency (99.71% high reversible)
~
) // v" Wider electrochemical stable window (ESW)
_— ol
7 b UJ“ v’ Good anti-corrosion property (i.e. negligible by-products generated)
h
v More uniform growth of Zn deposition
2 Flexible zinc metal batteries b v Excellent flexibility to be made for flexible battery applications
 Package
[ N o CathOde ( . . . . . . .
| Hydrogel Benchtop-FTIR: gaining insights into the electrochemical mechanism
AN S 120
| Zn anode HA gel electrolyte Liquid electrolyte [ Liquid electrolyte
package <1001 o, 572 I HA gel electrolyte
Cath?de S 80| oo
Zn foil £ 60
(]
S 40/
Hydrogel D 20 15
S 1 289 7.0
hyaluronic acid (HA) . . . , | -.8 9 3.9
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Superior performance of HA electrolyte (over liquid electrolyte):

\

Ref: G. Li, Z. Zhao, S. Zhang, L. Sun, M. Li, J. A. Yuwono, J. Mao, J. Hao, J. Vongsvivut, L. Xing, C.-X. Zhao, Z. Guo, “A Biocompatible Electrolyte Enables Highly Reversible Zn Anode for Zinc lon
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