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WELCOME

It is our pleasure towelcome you all to Exeter forthe fourth Spring SciX conferencen the
series. Spring SciX forms part of the hugely successfildased SciX Series and i®acked by
the Federation of Analytical Chemistry and Spectroscopy Society (FACSS). FACSS
provides an international platform for representatives from academic, industrial and
government institutions to confront the challenges of complex analytical problems and
share knowledge.

To date Spring SciX has been exclusively a Udsed meeting, of the successful SciX

series, with the plan to widen this out further European venues in due course. The

conference covers a wide range of analytical chemistrgnd spectroscopyresearch, with a

real focus on early career researchers. We want this to be a welcoming conference, aiming

to provide a stimulating, but nurturing environment to develop your presentation skills and

build networks for the future. We have a range of mixiregyents, scientific sessions,

including plenaries from world renowned speakers, topic leading keynotes and talk slots,

poster and flash posters for our future leading scientists. We are pleased to be able to
5UGHYAGUWY2 WNYMW JGUINEqlt WagYWagé R W Jel ki W32 1

Exeter is a small city, with numerous Roman and medieval influences and sites, nestled
between areas of outstanding natural beauty, including the Jurassic Coast, the only
UNESCO Natural World Heritage site in the UK and the rugged National Park of Dartmoor
We hope you get to explore it further while you are here.

University
of Exeter

BISZSPEC

Biomedical Spectroscopy Labs

Theconference is hosted by the Biospectroscopy Group based in the Physics Department
at the University ofExeter, aresearch-intensive Russell Group university based in the
historic City of Exeterin Devon Our dynamic and innovative researctseeks tofoster new
discoveries, inspire creativity and bring people together to solve the challenges of today
and tomorrow, making the world greener, healthier and fairer.

Greener. The climate emergency and ecological crisis is one of the most pressing
HEcaauuUNUt WYnWwWYel WaqRGWKOW qWEFUqldl Als W 1JWE Y G
scientists (Reuters Hot List) within a team of over 1,500 researchers and professionals

working across climate change and the environment. This expertise underpins our

research across a range of areas, including green futures, healthier oceans and positive

tipping points.

Healthier: Our research is at the cuttingedge of innovation to transform human health and
wellbeing. We partner with healthcare providers, industry and the public to ensure we can
quickly translate our research into accessible treatments and care. Our research cevs a
range of critical areas, including antimicrobial resistance, child mental health, dementia
and diabetes.
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Fairer. We're driving change towards a fairer, more socially just and inclusive society.
We're home to worldleading experts in Business, Economics, Law and Social Sciences
who are dedicated to understanding and addressing societal challenges. Our research
areasinclude the circular economy, evidencebased justice, social inequalities and
sustainable food systems.

Download LatestProgrammeVersion
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Sponsors

We are incredibly grateful for the support fronall of the following sponsors. Their
contributions have made it possible to deliver a vibrant conference and to suppodl our
Early Career Researchers, by enabling us to provide registration bursarites

Gold Sponsos

Wasatch |Photonics

https://wasatchphotonics.com/

apply innovation™

https://www.renishaw.com/en/renishaw -enhancing-efficiency-in-manufacturing-and-
healthcare--1030

We @ Spectroscopy

S.T.JEARMEAN

europe gmb

https://www.stjapan.de/
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https://www.stjapan.de/

Silver Sponsos

PHOTOTHERMAL
SPECTROSCOPY CORP

£ Metrohm

Bronze Sponsos

T 'Z OptoSigma’

:“ Analyst 9 RSC Advances

) e’ ) s
HORIBA T
HUBNER Photonics el INSTRUMENTS
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Special Thanks

Coblentz

SCICIETY

We would like to thark The Coblertz Society for their donation to support students at the
conference.

Infrared & Raman Discussion Group

We would like to thankThe Infrared and Raman Discussion Group for their contributions to
support ECRsand students at this conference.

W

We would like to thankThe InternationalSociety of Clinical Spectroscopy forsupport for
prizes atthe conference.
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Programme Outline

Key to location of sessions:

Session A: Newman Blue Session B: Newman Green

Exhibition Hall

Tuesday 14th April 2026

11:0(C

11:0013:30

Registration Peter Chalk Centre Foyer
Tea, Coffee & Cookies
Photothermal Workshop
(Pre-registration required)
Newman Green
12:0013:25

13:3(

13:30-15:15- Welcome and Plenaries

Plenary 1 Prof Bernhard Lendl
Plenary 2 Prof Sarah Bohndiek
Newman Blue

15:18

15:1515:45

Refreshment Break & Exhibition Exhibition Hall

15:48

15:4517:15

Session 1A Session 1B
Handheld Spectroscopy Frontiers in IR
Prof Dr lwan Schie Prof Oxana Klementieva
MrJoe Stradling Mr Krzsztof Dziuba
Dr Sara Mosca Dr Maria Eleonora Temperini
Dr Sian Sloabennison Ms Daniela Tomasetig
Dr Catherine Kendall Prof Peter Gardner
Chair: Dr Alex Dudgeon Chair: Prof Francesca Palombo

17:3(

17:30:18:15

Flash Presentations Newman Blue

18:15

18:1520:00

Drinks Reception
Poster Session and Exhibition
Exhibition Hall
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Wednesday 15th April 2026
09:00 09:0009:30
Tea / Coffee / Pastries Exhibition Hall
09:30 09:30:10:15
Plenary 3 Prof Thomas Bocklitz
Newman Blue
10:15 10:1510:45
Refreshment Break & Exhibition Exhibition Hall
10:45 10:4512:15
Session 2A Session 2B
Biomedical Raman Imaging 1 Al in Analytical Chemistry
ProfYasuyuki Ozeki Dr Dougal Ferguson
Dr Julia Gala de Pablo Mr Ruihao Luo
Dr Radu Boitor Ms Mou Adhikari
Prof Julian Moger Mrs Vasilisa Kostromina
Chair: Dr Priyanka Dey Dr Oleg Ryabchykov
Chair: Prof Thomas Bocklitz
12:15 12:1513:30
Luch & Exhibition Exhibition Hall
13:30 13:30:15:00
Session 3A Session 3B
Clinical Spectroscopy 1 Nonlinear Optical Spectroscopy
Dr Renzo Vanna Dr Federico Vernuccio
Mr Yoshiki Cook Dr William Tipping
Dr James Alix Mr Yang Ma
Mr Tomoaki Okumura Dr Jessica Mansfield
Prof Stephen Evans Dr Mustafa Kansiz
Chair: Prof Nick Stone Chair: Prof Julian Moger
15:00 15:0015:30
Refreshment Break & Exhibition Exhibition Hall
15:30 15:3017:30
Session 4A Session 4B
Emerging Technologies IRDG Martin & Willis
Dr Kareem Elsayad Mr Jorge Servert
Dr Andrei Markin Mr Aidan Morton
Dr Miriam Unger Dr Nitin Patil
Ms Najla Albugami Dr Amy Colleran
Dr Hidenori Koresawa Miss Anna Zetterstrom
Dr Georgina Charlton Miss Jana Galina Hofmann
Chair: Dr Sara Mosca Mr Zachary Douglas
Mr Andrew S. Merchant
Chair: Prof Chris Sammon
17:30 Free Time
18:45 18:4523:30- Gala Dinner
18:45 Arrival Drinks
19:30 Dinner
21:30 Ceilidh
23:30 END
Exeter Castle
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Thursday 16th April 2026

09:00 09:0009:30
Tea / Coffee / Pastries Exhibition Hall
09:30 09:3011:00
Session 5A Session 5B
Biomedical Raman Imaging 2 PAC / Industrial Applications
Prof Katsumasa Fuijita Dr Lucy Flint
Miss Ellie Hansen Dr Jorge Diniz
Dr Eric Michele Fantuzzi Dr William Leigh
Prof Mako Kamiya Ms Maria FernaadDelgado Cornelio
Chair: Dr Renzo Vanna Dr Elizabeth Legge
Chair: Dr Georgina Charlton
11:00 11:0011:30
Refreshment Break & Exhibition Exhibition Hall
11:30 11:30:13:00
Session 6A Session 6B
Clinical Spectroscopy 2 Plasmonics & Nanomaterials
Dr Diana Frimpong Dr Priyanka Dey
Mr Jan Valis Miss Emma Burns
Miss Wynona Alexandra Potrovita M.Sci Vinicius Anjos
Mr Heqi Xi Miss Megan Miles
Dr James A. Read Miss Alexandrdaria Chiriac
Chair: Dr Ben Gardner Chair: Dr loana BleDezayes
13:00 13:0013:30
Closing remarks & prizes
Newman Blue

*Please note the timings in the Biomedical Raman imaging

sessions differ to other sessions

Versionl.1, 13/04/2026 Pagel0of 139



Mou Adhikari
Najla Albugami
James Alix

Vinicius Anjos
Emma Burns
Alexandra M. Chiriac
Amy Colleran
Yoshiki Cook

Maria Fernanda

Delgado Cornelio
Sian Sloa#Dennison

Jorge Diniz

Zachary Douglas
Krzysztof Dziuba
Katherine Ember

Stephen Evans

Eric Michele Fantuzzi
Diana Frimpong
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Talk Irdex

Investigation of different data fusion methods on MALDI data to improve classification accuracy SXTO01 Al in analytical chemistry

Single Liw€ell FTIR Spectroscopy for Inhaled Medicine Development SXT21
Application of Raman spectroscopy to the diagnosis of nerve and muscle diseases: a journey fr SXT14
bedside to the bench and back again

SERS and LDA Investigation ef gl 2 #tagtarhiRing Cleavage in Amoxicillin SXT44
The Development of SERS Substrates for the Detection of Diagnostically Relevant Volatile Org. SXT46
Compounds

Temperaturdriven Changes in SERS Substrate Synthesis SXT45
Analysing Volatile Organic Compounds (VOCs) with SERS by Bubbling into Colloidal Silver or ¢ SXT32
Nanopatrticles

Multi-Excitation Raman Chemometrics for Rapid Identification and Antimicrobial Resistance Pra SXT10
Pseudomonas aeruginosa

Classification of Meliaceae and Gymnosperms Timbers usingrichsszd Breakdown Spectroscopy SXT48
and Partial Least Squares Discriminant Analysis

Droplets to Diagnosis: Digital Microfluidic SERS Detection of mickBRNA SXT29

Characterization of-biased battery materials using in situ colocalised Raman and SEM analysis SXT47

Improving the Transferability of Calibration Models Between VaryfOR Tistruments SXT36
What is a Spectral Token? Rethinking how transformers see Infrared Spectra SXT24

Prostate, colorectal and lung cancer: {omst Raman spectroscopy for rapid biofluid analysis in liqr SXT15
droplets

Singlecell Raman Spectroscopy Reveals Differential Stress Responses and Dysplasia Associat SXT0S
ERNDUcqeal Wt HRUH7C¢I | Daqaqkt HEWt YG6¢Net

SingleShot Multiplex SRS: From Tissue to Microplastics SXTO08
Exploring the implications of tissue heterogeneity in ovarian cancer metastases on Raman mod SXT11
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Emerging technologies
Clinical spectroscopy /
biomedical imaging 2
Plasmonics and
nanomaterials
Plasmonics and
nanomaterials
Plasmonics and
nanomaterials

IRDG Martin & Willis

Clinical spectroscopy /
biomedical imaging
Process Analytical Control /
Industrial Applications
Handheld spectroscopy
Process Analytical Control /
Industrial Applications
IRDG Martin & Willis
Frontiers in IR

Clinical spectroscopy /
biomedical imaging 2
Clinical spectroscopy /
biomedical imaging
Biomedical Raman Imaging
Clinical spectroscopy /
biomedical imaging



Katsumasa Fujita
Peter Gardner

Ellie Hansen

Jana Galinelofmann
Mustafa Kansiz

Catherine Kendall
Hidenori Koresawa
Vasilisa Kostromina
William Leigh

Ruihao Luo
Yang Ma

Jessica Mansfield

Andrei Markin
Andrew S Merchant
Megan Miles

Aidan Morton
Sara Mosca

Tomoaki Okumura
Julia Gala de Pablo

Nitin Patil
Wynona Potrovita

James A. Read
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Cryogenic Raman Microscopy for Reson&mtenced Molecular Imaging of Biological Systems
CLIRPatiAl Reflections and Perspectives: Developing a Roadmap for Infrared Based Clinical P
Imaging and detecting PM2.5s in the brain, and exploring their role in neurodegenerative diseas
The Optical Nose: Monolayer sensitisation of Au surfaces for plasmonic gas sensing
HighSpeed LaseBcanning Photothermal Submicron Infrare®@T@R) and Stimulated Raman$RE)

Platform for Redlime LabeFree Chemical Imaging

In-vivo Raman Spectroscopic probe clinical trials: RAPIDE & DOLFBIIN

Use of a Phote@ounting 2D Detector in Lilemination Raman Microscopy

Machine LearninBased Detection of Thymus Cancer Using Raman Spectroscopy

Optimizing Powder Classification Efficiency: A Synergistic Approach Using Laser Diffraction ant

Image Analysis

3D Hyperspectral Data Analysis with Spatially Aware Deep Learning for Diagnostic Applications
Deep LearninBased Fluorescence Image Prediction from tSecgke Stimulated Raman Imaging

LabetFree Chemical Imaging of Pi&ngal Interactions Using Stimulated Raman Scattering

Microscopy

TimeResolved Raman spectroscopy: Removing spectral background for clear chemical identific

Clearing Enhanced Vibrational Imaging@i®nsional Tumour Models

Development of a SERS Sensor for Point of Care Therapeutic Drug Monitoring in Canine Epilej

Using vibrational spectroscopic imaging to understand drug release from hydrophilic matrices.
Seeing Inside the Jar: In Situ,-Measive Investigation of Historical Fluiéserved collections Using

Spatially Offset Raman Spectroscopy
Raman microscopy using ligiteet illumination with slit detection

Catalyzing Biomedical Discovery Through Multimodal Vibrational and Fluorescence Imaging at

Hyperspectral Bioimaging Facility

Monitoring cellular glycolysis pathway kinetics using high content Raman spectroscopy

SERS sensing eH¥droxyglutaric acid in urine

A simple method for mufthoton label free super resolution imaging using Airyscan
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SXT49

SXT04
SXT42

SXT40

SXT19
SXT38
SXT43

SXT33
SXT28

SXT18

SXTO06

SXT37
SXT12

SXT16

Biomedical Raman Imaging
Frontiers in IR

Biomedical Raman Imaging
IRDG Martin & Willis
Nonlinear optical
spectroscopy

Handheld spectroscopy
Emerging technologies

Al in analytical chemistry
Process Analytical Control /
Industrial Applications

Al in analytical chemistry
Nonlinear optical
spectroscopy

Nonlinear optical
spectroscopy

Emerging technologies
IRDG Martin & Willis
Plasmonics and
nanomaterials

IRDG Martin & Willis
Handheld spectroscopy

Clinical spectroscopy /
biomedical imaging 2
Biomedical Raman Imaging

IRDG Martin & Willis
Clinical spectroscopy /
biomedical imaging
Clinical spectroscopy /
biomedical imaging 2



Oleg Ryabchykov Advancing Vibrational Spectroscopy for Diagnostics via Deep Learning SXTO03 Al in analytical chemistry

Jorge Servert SmartphoneSized Diagnostic for the Most Common Cause of Pediatric Neurosurgery SXT31 IRDG Martin & Willis
Joe Stradling Raman on the Palm: Portable Raman Spectroscopy and SERS for Boosted Traceability and Au SXT27 Handheld spectroscopy
of Palm Oill
Maria Eleonora NanclR spectroscopy of biological molecules in liquid environment with broadband synchrotron SXT25 Frontiers in IR
Temperini radiation
William Tipping Livecell imaging of prostatgpecific membrane antigen using stimulated Raman scattering micros SXT41 Nonlinear optical
spectroscopy
Daniela Tomasetig MidIR Photothermal Spectroscopy of Liquids Based on a Photonic Integrat&e maien SXT23 Frontiers in IR
Interferometer
Miriam Unger Smaller Plastics, Bigger Risks: Revealing-dimidNanoplastics with Submicron IRP(OR) SXT20 Emerging technologies
Microspectroscopy
Jan Valis Reuse or Risk? HR & Chemometric Assessment of Microcentrifugal Filter Reusability for Fractic SXT13 Clinical spectroscopy /
of Human Serum biomedical imaging 2
Heqi Xi LabetFree Evaluation of Osteogenic Differentiation Using ExtEndesl Raman Imaging SXT17 Clinical spectroscopy /
biomedical imaging 2
Anna Zetterstrom Preliminary Investigation into Multimodal Imaging of Renal Tissue using Infrared, Raman and V SXT34 IRDG Martin & Willis
Spectrometry
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Map

Browse an interactive Google map of the conference venue and city

Spring SciX Exeter Google Maps
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Map for Spring SciX Conference

There is also a map of the whole of Streatham campusSireatham campus map
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https://www.exeter.ac.uk/v8media/aboutus/visitus/streatham-campus-map.pdf
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Exhibition Hall Layout
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En\w“rance f

\

Catering areas

G1-Wasatch
G2-S.T. Japan
G3 -Renishaw

S1 -Photothermal
S2 —Metrohm
S3 - Bruker

B1-RSC B4 - OptoSigma
B2 - Horiba B5 — Oxford Instruments
B3 - Hubner B6 — Edinburgh Instruments

i 0 00

AN\ Posters
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Transpot

Exeterand the surrounding areahas generallygood public transport, you can even catch
the train to the beach(Exmouth or Dawlish) if you have some spare time

Buses

TheNumber 4 (Stagecoach) bus route runs via the city centre to Streatham campus via
EfJqll WEqW? ¢ 2RI k1 ISmdleGoRrielst agp capged di A8 énexhdld&hdét t FOLL
paid for with cash or card

For the University, catch the bus at stop 17 on Paris Street (towards the University of
E+UJqll b Wec Ul WEORNEqUWEqigé JWace RUW qYGWYUW YI qé6 W
Chalk Centre.

For the city centre, catch the bus at the main stop on North Park Road (towards
Cranbrook) and alight at stop 23 on Sidwell Street.

Taxis
There are taxi services available in Exetgnowever, taxi availability can be limited at peak
times, so advanced booking is recommendedApple have a booking desk at the airport
¢ Ul WE qW? ¢ 2 Rakik arelHBmpomplR ¥ JEORG ¢ HO W Wnl YaWYe qt RT JWE #
train station and the airport

Apple Central Taxis Exeter
Book Online

+441392 666666

Frankies Taxis
Book Online

+441392 332211
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https://appletaxisexeter.webbooker.icabbi.com/book
call:+441392666666
https://www.frankiestaxis.co.uk/#bookonline
call:+441392332211

Talk to Remember

Help us celebrate the most memorable talk of the Spring SCIX Conference!

Please vote at the end for the top two talkéusing their SX__ IBumber from this
programme) that you found the most engaging, inspiring, or impactful.

Voting is open on Thursday 16" April between 11:00and 13:05.

Your vote is anonymous

Talk to Remember - Spring SciX
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Uploadyourslides

Please upload your talk (as a PPTX) at least one hour before your session at the link below:

Upload Your Presentation Here
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https://universityofexeteruk.sharepoint.com/:f:/s/SpringSciX2026/IgASOC2_0Rn7Tq5OGTmpZL1VAQzB62yNnB-kq15ZARk96ks

Day 11 Tuesday 14 April

Registration
(11:00-13:30)

Registration in the Peter Chalk Foyewill be open from 11:00t 13:30 to check in and
collect your conference ID badge and delegate bg. It is important that you wear your ID
badge whilst attending the conference and at the Gala dinner on Wednesday 15April.
Therefore,please register as soon as you can oyour arrival.

The registration desk will be opems much as possible throughout the conferenceand
also serves as the information point. If there is no one at thalesk, please call the number
below, and someone willattend as soon as they can

+44139272 3618
(Office Hours Only)
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Photothermal Workshop

(12:00-13:30) IN NEWMAN GREEN

*NOTET This will now take place in theNewman Green Lecture Theatre**

Free Lunch & Learn

Organized by Photothermal Spectroscopy Corp.

April 14th, 2026
12 -1:30 pm

Register
here:

Seats are
limited

Latest advances in vibrational

spectroscopy

Co-located O-PTIR
+Fluorescence

3y 3 I

FTIR/ATR  FTIR/QCL

LY

Spatial resolution

Are you attending Spring SciX 2026 at
the University of Exeter?

Join us for an exclusive Lunch & Learn workshop on
Tuesday, April 14th — and discover what's possible
with the latest in simultaneous submicron IR,
Raman, and fluorescence imaging.

Lunch will be available for attendees and can be
picked up upon entry to the event.

Location: Peter Chalk Building (main conference
building), Room 2.1

Schedule

12:00 - 12:25

Latest innovations and applications in simultaneous
submicron IR {(O-PTIR), Raman and fluorescence
imaging: Laser-Scanning O-PTIR

Dr. Mustafa Kansiz | Photothermal Spectroscopy Corp

Organized by:

PHOTOTHERMAL

SPECTROSCOPY CORP

Versionl1.1, 13/04/2026
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12:25 - 12:50

Chemical imaging of amyloid polymorphs in situ
Assoc. Prof. Oxana Klementieva | Medical
Microspectroscopy Laboratory, Faculty of Medicine,
Lund University, Sweden

12:50 - 13:00
Online laser-scanning O-PTIR demo

13:00 - 13:25

Inside the biofilm: Mapping antibiotic response at the
microscale

Dr. Howbeer Muhamad Ali | Institute of Systems,
Molecular & Integrative Biology, Faculty of Health and
Life Sciences, University of Liverpool, UK

Register today to secure your spot!

Hosted by:
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Welcome and Plenaries

(13:30-15:15)

Plenary Ir Prof Bernhard Lendl

Advancing mid-IR spectroscopy of liquids utilizing broadly tunable
Quantum Cascade Lasers

B. Lendl*?, A. Dabrowskat, M. David?, L. Lindenbauer?, G. Ramer?, D. Tomasetid,

J. H. MendozaCastro!, Artem S. Vorobev?, Li am G6Faol ain
1 TU Wien, Institute of Chemical Technologies and Analytics, Getreidemarkt@QAVienna, Austria
2TU Wien, Christian Doppler Laboratory for Advanced Midrared Laser Spectroscopy in
(Bio-)process Analytics, Getreidemarkt 9, 1060 Wien, Austria
3 Munster Technological University, Centre for Advanced Photonics & Process Analysis, Rossa Avenue, T12 P928 Cork, Ireland
*pbernhard.lendl@tuwien.ac.& https://cavs.at/

KEY WORDS: Liquid Sensing, Dispersion Spectroscopy, Photothermal Spectroscopy

Mid-IR quantum cascade lasers (QCLSs) offer high spectral power densities, polarized and coherent
radiation and allow for fast amplitude and frequency modulation. These properties enable a range
of new sensing schemes which are difficult or even impossilile realized by established FTIR
spectrometers.

This presentation will introduce dispersion spectroscopy implemented in -apfiee optics
MachZehnder Interferometer for measuring the real part of the complex refractive index of liquid
samples. Dispersion spectroscopy has several advantages oveaabs@pectroscopy: it is a
baseline free technique, the reading is independent of power fluctuations of the laser source and
the recorded signal is direct proportional to the analyte concentration, providing constant
sensitivity over a large concentraticangé. Results to be shown will include the measurement of
ethanol in water and the monitoring of an enzyeatalyzed reactions, exemplified by sucrose
hydrolysis using invertase.

Furthermore, midR laserbased photothermal spectroscopy of liquids will be introduced,
showecasing applications of photothermal lens and photothermal mirror techniques for determining
trace water levels in organic solvents. In this context, absorpituted heating and the resulting
changes in the sample's refractive index are probed by a second visible probe laser beam. Finally,
efforts will be reported on the integration of the introduced sensing principles on photonic
integrated chips (PICs), emploginMachZehnder Interferometers, ring resonators, and
nanobeams integrated on a silicon nitride on sikonsulator (SiN on Sol) platform, with
readout in the NIR spectral region-f@nd) as a transducer for absorptioduced refractive index
change$

1 A. Dabrowska, S. Lindner, A. Schwaighofer, B. Ler8bectrochim. ActaA: Mol. Biomol. Spectrosc286(2023)
122014.

2D. Tomasetig, J.H. Mendofaa st r o, S. Schobesberger, AMCSMeasvichup bev, L.
2026, DOI: 10.1021/acsmeasuresciau.5c00139
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Plenary 2 Prof Sarah Bohndiek

Raman micro-spectroscopy reveals the spatial distribution of fumarate in
cells and tissues

Sarah E. Bohndiek®?
Department of Physics, University of Cambridge, JJ Thomson Avenue, Cambridge, CB3 OHE, UK
2Cancer Research UK Cambridge Institute, Robinson Way, Cambridge, CB2 ORE, UK
*e-mail address: seb53@cam.ac.uk

KEY WORDS: Raman, metabolite, live cell, tissue

Fumarate is an oncometabolite that accumulates to high levels in fumarate hydratase (FH)
deficient cancers. Raman spectroscopy (RS) detection of small metabolites is typically
challenged by their concentrations being orders of magnitude weaker than dgmatein and

lipid signals. In the context of oncometabolites, however, the high level of accumulation brings
their Raman spectral fingerprint above the background, enabling direct detection and
quantification of fumarate in biological speciméns

Here, we report an integrated framework combining spontaneous RS and stimulated RS (SRS)
microscopy to quantitatively map endogenous fumarate in living cells and intact tissues. By
leveraging approximately 1€f@ld concentration differences between-pkbficient and FH

deficient cells, we isolated afumaratep e ci fi ¢ Raman band at 1403 cn
biomolecular backgrounds. Hyperspectral imaging withdans clustering achieved spatial

analysis unprecedented in bulk metabolomics, resolvingeflukar fumarate distributions and

revealing preferential mitochondrial accumulation relative to the cytoplasm and nucleus.

Longitudinal imaging from the onset of FH loss in live cells further enabledinealftracking of

early-stage fumarate dynamics.

Il n tissues, we applied non negative matrix f a
component spectra corresponding to protein, lipid, cytochromes, and generated spatial abundance
maps for each component acréd4-proficient and FHdeficientsmall intestine samples. Using

non negative | east squares, we then extracted
the same Raman datasets and overlaid these maps with cytochrome b, demonstrating a close spatial
correspondenc e rich mgionseardrcytadchioma by hatspets. Across multiple tissue
sections, Raman deri ved fumar at e | eimass s cor
spectrometry reference measurements.

Together, this work establishes a unified spectroscopic pipeline for tracking fumarate across
biological scalesfrom subcellular compartments to intact tisswas] supports the development

of Ramanbased approaches fan situ metabolic phenotyping, cancer stratification, and
therapeutic monitoring in fumarativen malignancies.

1 M. Kamp, J. Surmacki, M. Segarra Mondejar, et al., Nat. Commun., 15 (2024) 5386.
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Parallel Session 1
(15:45-17:15)

Session 1At Handheld Spectroscopy
in NEWMANBLUE(Chair Dr Alex Dudgeon)

Iwan Schie Keynote

Lessons Learned from Translating Raman Spectroscopy into Clinical
Diagnostics

lwan W. Schig-2*
!|_eibniz Institute of Photonic Technology, Member of Leibniz Health Technologies, Member of the Leibniz Centre for Phintizuitisri
Research (LPI), Jena, Germany
2University of Applied Sciences Jena, Department for Medical Engineering and Biotechnology, Jena Germany
*Corresponding Author: iwan.schie@Ieibright.de; https://agschie.org/

KEY WORDS: Raman spectroscopy, in vivo spectroscopy, clinical translation

Raman spectroscopy has long been established as a powerful analytical tool in chemistry and materials
science, providing highly specific, labeee molecular information. Despite its conceptual maturity, its
impact in clinical diagnostics has remainediled for decades, largely due to practical barriers including
system complexity, limited robustness, slow acquisition, workflow incompatibility, and regulatory
constraints. Recent advances in fibetic technologies, compact spectrometer design, andsyestel
engineering are now enabling a transition of Raman spectroscopy from labtraged analysis toward
integrated biomedical systems suitable for routine clinical use.

In this keynote, | present this translational shift using our Ramaard system, InvaScope, as an example

of a clinically compliant, fibeoptic Raman endoscopy platform developed for-tiead, in vivo tissue
characterization. The system was designedeuride European Medical Device Regulation (MDR
2017/745) for clinical investigative studies and enables spectroscopic measurements directly within
standard surgical and endoscopic workflows. Emphasis was placed on reproducibility, sterile integration,
andregulatory readiness, key factors that have historically limited clinical adoption of optical spectroscopy.

Following preclinical validation, the platform has been established across multiple clinical domains,
including urology, headandneck oncolog$; and colorectal cancerdemonstrating its versatility as a
translational optical platform rather than a siAigidication device. In addition, a multimodal extension
combining Raman spectroscopy with optical coherence tomography illustrates how complementary optical
contrasts an enhance diagnostic confidence beyond singldality approaches.

Together, these studies exemplify a broader maturation of Raman spectroscopy: from an analytical
technique constrained to controlled laboratory environments toward a robust clinical technology capable
of supporting intraoperative decisiomaking. Ongoing wrk focuses on redime tissue classification,
expansion to additional organ systems, and the regulatory pathway towandrkéd clinical deployment.

More broadly, this transition highlights how advances in system integration and regalatye/desigh

not fundamental physiésare now the key drivers for bringing optical spectroscopy into routine clinical
diagnostics.

!Latka, I., Mogensen, K., Knorr, F., Kuzucu, C., Windirsch, F., Sandic, D., ... & Schie, I. W. (2@2han
spectroscopy for instant bladder tumor diagnosis: system development and in vivo Pro@f-Principle study

in accordance with the European medical device regulation (MDR2017/745). Cancers, 16(18), 3238.Citation
of a journal article: A. Pump, B. Stokesand C. Probe CARS Letters5 (2008)25-27.

2Bali, A., Bitter, T., Kouka, M., Ballmaier, J., Latka, I., Windirsch, F.& Schie, |I. W. (2025). Establishment of a
clinical workflow for in vivo Raman spectroscopy during head and neck cancer surgery. Scientific reports, 15(1),
24230.

3Vasquez, D. L., Kreft, C., Latka, I., Popp, J., Mantke, R., & Schie, |I. W. (2024). Colon tumor discrimination
combining independent endoscopic prdizsed Raman spectroscopy and optical coherence tomography modalities
with Bayes rule. International journaf molecular sciences, 25(24), 13306.
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Joe Stradlin@SXT27)
Raman on the Palm: Portable Raman Spectroscopy and SERS for Boosted
Traceability and Authentication of Palm Oil

Joe Stradling Howbeer Muhamadaliand Royston Goodacre

1. Centre for Met abol omi cs Research, Depart ment of Bi ochemistry,
Integrative Biology, University of Liverpool, Liverpool L69 72zZB

*roy.goodacre@liverpool.ac.uk

Key Words
Portable, Raman, SERS
Abstract

Fraud within the palm oil industry presents significant economic, ethical, and -helaléd
challenges. Mislabelling of geographic origin, and the illegal addition of industrial Sudan dyes
compromise consumer trust and pose serious safety risks. Thé @xp t y of pal m oi
supply chain makes it particularly vulnerable to these fraudulent practices, with high demand
incentivising counterfeit products and false provenance claims. As regulatory bodies tighten
traceability and labelling requirementlere is growing interest in rapid, -@ite analytical tools

that can assist with routine screening and enforcement.

Portable Raman spectroscopy and suriadeanced Raman scattering (SERS) offer promising
solutions for infield authentication of palm oil. Raman spectroscopy providesdestructive,

reagentfree molecular fingerprints that can differentiate oils based ov a r i a-tarotemes i n |
levels. Portable Raman devices have become more robust ardars#ly, enabling reatime

verification at ports, markets, and production facilities. Meanwhile, portable SERS allows for the
detection of low concentrations ofigit additives such as Sudan dyes, which are sometimes used

to fraudulently enhance the visual appeal of-lpwality or diluted palm oil. These dyes are
considered harmful to human health due to their teratogenicity, genotoxicity, and carcinogenicity.

This presentation explores the use of portable Raman and SERS technologies to tackle two major
forms of palm oil fraud: false origin claims and the addition of Sudan dyes. By combining spectral
analysis with chemometric models, we demonstrate the potehtiredse tools to distinguish palm

oil samples from different regions in West Africa and to identify adulteration within-lstarght

palm oil. The findings highlight the growing role of portable spectroscopy in food authentication,
offering a fast, coseffective, and scalable approach to protecting both industry standards and
consumer safety.
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Sara MoscgSXT28)

Seeing Inside the Jar: In Situ, Norlinvasive Investigation of Historical Fluid-
preserved collections Using Spatially Offset Raman Spectroscopy

S. Mosca®? W. Montgomery®, C. McKibbin 3, A. Blancd', S. Walker*, P. Matousek
1Central Laser Facility, Research Complex at Harwell, STFC Rutherford Appleton Laboratory, UKRI, Harwell Campus, Harw@Q®&X11
U.K

2Department of Physics and Astronomy, University of Exeter, Exeter EX4 4QL, U.K.
8 Science Innovation Platforms, Department of Science, Natural History Museum, Cromwell Road, London SW7 5BD, U.K.
4 Agilent Technologies LDA U.K., Becquerel Avenue, Didcot OX11 ORA, U.K.

*sara.mosca@stfc.ac.uk, @arasfly3.bsky.social;

KEY WORDS: SORS, Multivariate Analysis, Natural History Museum

Spatially Offset Raman Spectroscopy (SORS) has rapidly advanced as a novel and chemical
specific method for neimvasive, througtbarrier chemical analysis in heritage science. Our recent
work demonstrated that handheld SORS can determine the dominarmstttonpof preservation

fluids! without opening sealed historic jar (e.g. museum fhrigserved specimens), overcoming
limitations of traditional invasive techniques and enabling safe, in situ assessment of historical
collections.

In fluid-preserved natural history collections, understanding preservation fluid chemistry is
crucial, as compositional changes, such as alcohol evaporation, oxidation of fixatives, and
leaching of biological molecules, can signal specimen degradation.

Here we report the application of handheld SORS in combination with multivariate analysis in the
characterization of both major constituéraad subtle residual components (e.g., lipids, protein
fragments, degradation depositlirectly through original glass specimen containers. We
demonstrate that SORS not only identifies principal fluid types and concenttatignalso

reveals markers of ongoing chemical changes and-$létimen interactiodghat inform on
conservation status. Critically, this method facilitates in situ monitoring of specimens of high
historical val ue, including Charl es Dar wi nds
contamination, or loss of material integrity.

By extending from fluid identification to detection of residual degradation markers, handheld
SORS offers curators actionable insights into conservation needs, enabling sustainable,
preventative care of fludbased natural history collections.

References

1 S. Mosca, W. Montgomery, C. McKibbin, R. Stokes, C. Conti and P. Mato#geg,
Omega 2025,10, 8658 8664.

2 A. Blanco, W. Montgomery, S. Walker, C. McKibbin, R. Stokes, P. Matousek and S.
Mosca,ACS Omega, DOI:10.1021/acsomega.5c09045.

3 W. Montgomery, C. McKibbin, A. Blanco, S. Walker, J. Maclaine, R. Portela Miguez, P.
Campbell, R. Stokes, P. Matousek and S. Moscanal. Methods
DOI:10.1039/D5AY01654A.
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Sian SloarDennisonSXT29)
Droplets to Diagnosis: Digital Microfluidic SERS Detection of microRNA122

S. SloanDennison* R. Didio, S. Laing K. Faulds, D. Graham
Department of Pure and Applied Chemistry, Technology and Innovation Centre, University of Strathclyde, Glasgow, UK
*s.sloandennison@strath.ac.uk

KEY WORDS: SERS, Digital Microfluidics, Point of Care

Drug Induced Liver Injury (DILI) is liver damage caused by prescription or-theecounter
medications. In the UK, the leading cause of DILI is paracetamol overdose, which results in
approximately 100,000 hospital attendances eachtyRapid assessment of DILI is critical upon
patient admission to Accident & Emergency to guide timely treatment. However, current
diagnostic tests are limited as they produce slow time to results and rely on biomarkers that are
not liver-specific and risslowly following injury, delaying accurate assessment. To address these
limitations, new biomarkers and diagnostic platforms are under investigafibase aim to better
stratify patients, enabling earlier intervention and more effective management of DILI.

To enable rapid detection of DILI, we have targeted the-Bpexcific biomarker microRNA22

using a surface enhanced Raman scattering (SERS) based magnetic hybridisation assay. The assay
format has conventionally been performed in bulk solution, howegemmprove analytical
sensitivity and assay reproducibility, enable Higftoughput, automated processing, and minimise
sample volume requirements, the assay has been transferred to a digital microfluidics (DMF)
platform. DMF is a lalon-a-chip technologythat manipulates discrete nanolitre droplets via
electrowetting on a patterned electrode array, enabling programmable dispensing, transport,
mixing, incubation, and analysis on a single chip. It has been widely applied to biological and
chemical assays drintegrated with analytical readout modalities, including mass spectrometry,
colorimetric detection, electrochemical sensing, electrochemiluminescence and now SERS.

By transferring the assay to a digital microfluidics (DMF) platform and integrating it with a
portable Raman spectrometer, we significantly enhanced micreEI2Adetection, achieving
approximately 10dold greater sensitivity compared with the solutionebds as s ay . The
performance was further evaluated using human samples, yielding promising preliminary results.
We envisage the DMISERS platform as a novel poiot-care technology capable of delivering
rapid and highly sensitive responses acrossge of poinof-care settings.

4 — . — —
i
U
Load nanoparticles and Incubate Capture SERS measurement

mir-122 sample onto
DMF

Figure 1 A. Image of DropbdMF B. Schematic of SERS based Magnetic hybridisation assay for the detection of
mir-122 performed on DMF chip.
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Catherine Kendb{SXT30)

In-vivo Raman Spectroscopic probe clinical trials:
RAPIDE & DOLPHIN -VIVO

Catherine Kendall*!, Alex Dudgeort, Oliver Old 3, Charlie Hall3, John Day*, Nick Stoné?

Biophotonics Research Unit, GHNHSFT, Great Western Road, Gloucester GL.UBNN
2 BiospedGroup,School of Physics and AstronomyUniversity of ExeterEX4 4QLUK
3Dept. Of Surgery, GHNHSFT, Great Western Road, Gloucester GL1 3NN, UK
4 HH Wills Physics Laboratory, Tyndall Avenugniversity of BristoBS8 1TL. UK
*catherine.kendalll@nhs.nBtophotonics Research

KEY WORDS: in-vivo, probe, cancer

Two invivo clinical trials, funded bythe UK National Institute for Health Researc
Invention for Innovation programme have been undertaken at Gloucestershire Hospit:
NHS Foundation Trust in collaboration withiThe University of Bristol and the Biomedic
Spectroscopy Group at The University of ExeteiThese studies have evaluated th
feasibility of clinical implementation of Ramanspectroscopy for cancer diagnostics.

The initial trial, RaPIDE((RAman Probe for In vivo Diagnostics (during oesophage
Endoscopy) developed a miniaturised probe that slides down the working channel of ¢
endoscope, to diagnose oesophageal cancer using Raman spectroscopy without t
need for an invasive, expensive and distressing biopsy25 patients, attending fo
BUT Yt HYG! WnY!l W el 20RGG ¢ UMWY nW7 ¢l 1 Jaaqk
biopsy samples were collected from the same location as where Raman spectra we
measured and sent for routine processing and reporting in pathology

DOLPHINVIVO (Diagnosis of LymPHoma IN VIVOirial has evaluated the clinica
implementation of a smart Raman needle probe to detect and diagnose primary a
secondary cancers in lymph nodesn head and neck theatres14 patients, attending fo
surgical excision of nales were recruited and Raman spectra measured Hivo before
fine needle aspiration samples were collected and the lymph nodes were excised -
routine pathological analysis.

Both trials successfully demonstrated the aim of proving that the Raman probes cou
measure spectra safely from human tissue in vivoThe spectral signals measured were
comparable to laboratory measurements The pathology teams assessed the tisstL
where the spectra had been measuredaind they were unable to find any damageThe
trials did not have the statistical power to develop diagnostic statistical models usin
cross validation, but the endoscopic probe demonstrated 84.9% training performance
the needle probe98.4%, training performance

Figure:Raman endoscopic probewview from the endoscope camera
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Session 1Br Frontiers in IR

in NEWMANGREENChair: Prof Francescd&alombo)
Oxana KlementieveKeynote
Correlative photothermal infrared imaging of amyloids in cells and tissues

Oxana Klementieva
Aut horsdé affil i at i-point{yse)cengred, ialicizedladdr ess(es) (8
*Corresponding Author-enail address, Twitter handle (if applicable), & Personal website/Bio webpage URL (if applicabi®in(&ype,
centered, italicized)

Faculty of Medicine, Lund UniversityLund, Sweden

oxana.klementieva@med.lu.se
Introduction

Understanding protein structural heterogeneity in complex biological tissues requires chemical
specificity at spatial scales beyond the diffraction limit. Conventional infrared (IR)
microspectroscopy provides robust information on protein secondary sérisetuis limited by

spatial resolution. Recent advances in photothermal infrared spectromicroscopy (OPTIR) enable
labelfree midinfrared spectroscopy with suthicrometer to nanoscale resolution, offering a route

to bridge this gap. However, systematrastgies for extracting biologically meaningful structural
information from photothermal IR d@taand validating it against established IR methodoldygies
remain to be explored.

Here, we establish a correlative photothermal infrared spectromicroscopy workflow for mapping
protein secondargtructure heterogeneity in biological tissues, with specific emphasis on the
combined impact of substrates and chemical fixation. We systeityagicaluate commonly used
support materials, including tRansparent windows reflective metallic coatings, silibased
substrates, and electromicroscopycompatible supports, alongside widely applied fixatives such
as paraformaldehyde, glutaraldehyaded solvenbased fixation protocols.

Substrates and fixation strategies were assessed based on photothermal signal strength, spectral
fidelity in the amide | and Il regions, thermal background contributions, structural preservation,
and mechanical stability during repeated imaging. Our aisakygeals clear, interdependent trade

offs between infrared sensitivity, spectral integrity, nanoscale resolution, and compatibility with
optical, electron, and synchrotrtwased imaging modalities. Certain substrates enhance
photothermal contrast but moduce spectral distortions or elevated thermal background, while
specific fixation methods alter amide band profiles or induce crosslimklated shifts that
complicate secondaistructure interpretation.

We demonstrate that both substrate choice and fixation chemistry are d&réiwhl often
limitingd parameters in photothermal infrared spectromicroscopy. No single combination is
universally optimal. Instead, rational experimental design requires balanbmigtipermal
performance, spectral accuracy, structural preservation, and multimodal compatibility. Based on
these findings, we propose practical guidelines for selecting subfikatee combinations
tailored to correlative nanliR studies in biologicdiissues.
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Krzysztof DziubéSXT24)

What is a Spectral Token?

Rethinking how transformers see Infrared Spectra

K. Dziuba!, P. Gardner!, H. Yin?% Elizabeth McInness®, Dougal Ferguson'

!Department of Chemical Engineering, The University of Manchester, Manchester M13 9PL, UK

’Department of Electrical Engineering, The University of Manchester, Manchester M13 9PL, UK
ISyngenta, Jealott's Hill, Warfield, Bracknell RG42 6EY, UK

krzysztof.dziuba@manchester.ac.uk

KEY WORDS: Infrared spectroscopy, Transformer, Deep learning

When ChatGPT reads a sentence, it first breaks text into "tokens" - meaningful units like words
or subwords.! When Vision Transformers analyze images, they divide pictures into patch
tokens.> But when we apply transformers to infrared spectra, we face a fundamental question
that the field has largely ignored: what should a spectral token be?

Current approaches make implicit assumptions. Some treat each wavenumber as an
independent token.? Others aggregate sliding windows.* Some focus only on absorption peaks.>
Other approaches that haven’t yet been extensively studied, could learn abstract representations
from data.® Each choice encodes a different hypothesis about what constitutes meaningful
information in a spectrum - yet these design decisions are rarely examined or compared.

This talk presents a systematic investigation into spectral tokenization for transformer-based
tissue classification. Using Infrared Quantum Cascade Laser (QCL) based imaging data, from
breast cancer sample, comprising over 700,000 spectra, we benchmark six fundamentally
different tokenization philosophies under controlled conditions where only the tokenization
strategy varies.

Our results challenge conventional strategies. Chemistry-guided approaches that focus on
absorption peaks achieve the best accuracy with dramatic compression - but this comes at a
cost. We uncover a surprising accuracy-robustness tradeoff: the strategies that perform best on
clean data become most fragile under noise. We also demonstrate that the transformer encoder
is not merely a classifier - it actively constructs discriminative representations from tokenizer
outputs that initially show almost no class separation.

These findings reframe tokenization as a first-order design decision for spectroscopic deep
learning, not an implementation detail. We offer practical guidance for practitioners navigating
this design space, considering factors like instrument quality, deployment constraints, and the
fundamental tradeoff between peak performance and robustness.

Spectral Token Embeddings: Word2Vec-Style Semantic Structure
"CancerEpi - NormalEpi = CAS - NormalStroma"

= Cancer direction
= = Epithelium direction

PC2 (11.6% variance)

0.0 25 5.0 75
PC1 (48.8% variance)

'A. Vaswani et al., "Attention is all you need," Proc. NeurIPS, 2017.
2A. Dosovitskiy et al., "An image is worth 16x16 words," Proc. ICLR, 2021.
3P. G. Brodrick et al., "SpecTf: Transformers enable data-driven imaging spectroscopy cloud detection,
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Maria Eleonora Temper{@XT25)

Nano-IR spectroscopy of biological molecules in liquid environment with
broadband synchrotron radiation

Maria Eleonora Temperini*', Ljiljana Puskar', Alexander Veber'?
Institute for Electronic Structure Dynamics, Helmholiz-Zentrum Berlin fiir Materialien und Energie GmbH, Albert-Einstein-Str. 15, 12489
Berlin, Germany
"Department of Chemistry, Humboldt-Universitit zu Berlin, Brook-Tavlor-Strafie 2, 12489 Berlin, Germany
Fmaria lemperini(@helmholiz-berlin.de

KEY WORDS: nano-IR spectroscopy, broadband synchrotron radiation, liquid environment
for biological matter

Scattering-type Scanning Near-field Optical Microscopy (s-SNOM) enables the investigation
of material optical properties with nanometric spatial resolution (= 10 nm) over a broad spectral
range from visible to THz!. The technique is based on the access to near-field optical amplitude
and phase of light scattered from a metallized AFM tip. s-SNOM in the infrared (IR) spectral
region facilitates chemical imaging and spectroscopy, beyond the diffraction limit, allowing for
the investigation of complex multicomponent materials at the nanoscale. Extending IR s-
SNOM to aqueous environments is challenging, due to water absorption, reduced signal levels
and AFM-tip contamination but of paramount importance for biological systems, whose
structure and dynamic are preserved in the native aqueous environment?.

Here, we demonstrate mid-IR s-SNOM measurements in water enabled by nanometer-thick
free-standing membrancs, which act as an interface between the near-field probe and the liquid
phase, mitigating water absorption whilc preserving nanoscale sensitivity. A key clement of
this approach is the membrane material, which ensures stable mechanical AFM probe-sample
interaction and provides transparency across the entire molecular fingerprint region’. By
combining synchrotron-based s-SNOM with free-standing SiN and SiC membranes, we
perform a comparative analysis of their near-field optical response both in dry conditions and
when interfaced with liquid water. This approach enables nanoscale spectroscopic of biological
mattcr vibrational signatures, including proteins and nucleic acids in solution. The
measurements reveal membrane-dependent differences in near-field amplitude and phase, as
well as spectral shifts associated with membrane material and thickness. The experimental
results are supported by finite dipole model (FDM) simulations, which reproduce the observed
spectral trends and allow us to disentangle the contributions of membrane properties and
experimental conditions to the near-field response. Overall, our findings establish SiN and SiC
membranes, in combination with synchrotron-based broadband source, as powerful approach
for IR nano-spectroscopy of biological systems in liquid environments.

(a) BESSY II Storage ring (b) BSA through 10 nm SiN (c) DNA through 30 nm SiC

)

= S0F 50

AFM probe

(=]
"]

Phase signal (rad.
Phase signal (rad.)
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e o 1300 1400 1500 1600 1700 1800 1000 1200 1400 1600 180C

Wavenumber (cm') Wavenumber (cm™)

{(a) Schematic of the experimental setup. (b)-(c) s-SNOM phase spectra of BSA protein and DNA in solution
through a 10 nm thick SiN membranc and a 30 nm thick SiC membrane, respectively, Solid curves represent
experimental data, while dashed curves represent modeled data,

'R. Hillenbrand, et al., Nature Reviews Materials, 10.4 (2025) 285-310.
*K. 1. Kaltenecker, et al., Scientific reporis, 11.1 (2021) 21860.
3 A Veber, C. Spedalieri, C., and J. Kneipp, Small, 21.47 (2025) e07097.
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Daniela TomasetiE X R3)

Mid-IR Photothermal Spectroscopy of Liquids Based on a Photonic
Integrated Mach-Zehnder Interferometer

Daniela Tomasetig*!, Jesus Hernan Mendoza-Castro', Gustavo Vinicius Bassi Lukasievicz!?, Iskander

Gazizov!, Artem S. Vorobev>*, Laurent Markey®, Liam O’Faolain**, and Bernhard Lend]*!
1) Institute of Chemical Technologies and Analytics, TU Wien, Vienna, Austria
{2) Centre for Advanced Photonics & Process Analvsis, Munster Technological University, Cork, Ireland
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Photonic integrated circuit (PIC) based on-chip structures such as ring resonators or Mach-
Zehnder interferometers (MZIs) can be used to measure refractive index (RI) changes, down to
10"® RIU.",? In our work we combine the RI sensing capabilities of an on-chip MZI based on a
standard CMOS compatible Si3N4/Si material platform, together with the high output power
and tunability of an external cavity quantum cascade laser (EC-QCL) as photothermal
excitation source. This way we can measure photothermal mid-infrared spectra of liquid
samples achieving high selectivity and sensitivity.

The MZI is interrogated using a common telecom wavelength (1550 nm) light source. At the
same time, a mid-IR EC-QCL tuneable from 1725-1570 cm™ is focused on the chip from the
bottom side. The beam can pass through the chip and photothermally excite the sample on top
of the chip. Microfluidics are placed on top for precise sample delivery (schematic see Figure
la). By tuning and amplitude modulating the mid-IR light source PTS spectra closely
resembling FTIR spectra, can be acquired.
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Fig. 1. a) Schematic of the photothermal setup. b) comparison of spectra of catfeine in ethanol obtained using
our PTS setup and a commercial FTIR.

We demonstrate the capabilities of our system by measuring PTS spectra of caffeine dissolved
in ethanol and compare our results to standard FTIR spectra (Figure 1b), providing the first

measurement of its kind with a PIC transducer.

This technique offers high versatility, high potential for miniaturization and good chemical
ruggedness of the sensing surface, constituting a step towards PIC-based Lab-on-a-chip type
chemical sensors.

!'van Gulik, R. J. I., de Boer, B. M. & Harmsma, P. J., JEEE Journa! of Selected Topics in Quantum Electronics,
433-439(2017).
2 Tomasetig, D. et al. ACS Meas. Sci. Au, (2025).
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We have known for many years that infrared spectra of tissue contain information a
biochemistry of a sample that can be of diagnostic value. Most studies have concen
replicating what the pathologists can already do and demonstratingntmabst instance
spectroscopic techniques can do as well or maybe in some case even a little bit better.
infrared studies on biopsy tissue have not progressed passed this stage and have no
into the clinic. This is, in part duetothenabi | ity for wus to
valuedo of the spectroscopic imaging an
can significantly augment current pathology practidee advance of digital pathology |
picked the low hanging fruit of automated tissue classification meaning the ¢
pathologists to tackle more complex diagnostic challerigestder to address some of tF
issues we formed an EPSRC funded network (CLIRR#that linksthe spectral patholog
digital pathology and Acommunitieso stimulate and accelerate progress in using Al fc
analysis of IR and Raman imaging. The aim was to access a wider range of patholog
acquire large data sets and access new Al skills sets to pull out prognostic information
demonstate the added value of spectroscopic imaging. This culminated in aP@tHRI
conference CLIRPathAl: A roadmap for Albased spectral pathology) Coomb Abby UK
where ideas were generated on how to move the field of spectral pathology forwarc
presentation we reflect on the impact of CLIRPAthand discuss the roadmap for Infre
based spectral pathology.

Versionl.1, 13/04/2026 Page32of 139



Flash Presentations
(17:30-18:15)

in NEWMANBLUE(Chair: Dr Ben Gardner)

Presenters haveexactly 60 secondsto presenttheir 1 slide, strictly timed! with prizes for
the bestones.

Voting instructions will be provided, please bring a smartphone or laptop with you, power
Is available & your seat (under the table)

Version1.1, 13/04/2026 Page33of 139



Fiona Smillie (SXFP02)
Development of Point of Use Bionanosensors for Liver Injury

F. Smillie!, B. Clark', S. Sloan-Dennison', D. Creasey?, D. Bingemann?, S. Laing', D. Graham', K. Faulds'
!Bionanotechnology, Department of Pure and Applied Chemistry, Technology and Innovation Centre, University of Strathclyde, 99 George
Street, Glasgow, G1 1XL, *Wasatch Photonics, Morrisville, NC, USA

KEY WORDS: Surface Enhanced Raman Spectroscopy, Drug Induced Liver Injury, Point of
Care Detection

Drug induced liver injury (DILI) is a broad term which encompasses any liver injury caused by
drugs taken either for medical or recreational purposes. One of the most common causes of
DILI in the UK is paracetamol overdose."> When paracetamol is taken at a high enough dose,
it causes DILI which can then lead to acute liver failure. The only treatment for this is N-
acetylcysteine (NAC) which, when administered within 8 hours of the overdose is extremely
effective.’ However, after this time point the effectiveness of NAC decreases drastically leading
to liver damage which may require a liver transplantation or lead to death.* This highlights that
the rapid diagnosis of DILI after paracetamol overdose is essential, especially in busy hospital
admission units. Alanine aminotransaminase (ALT) is the current gold standard biomarker for
diagnosing DILI, however, ALT tests currently take place in a central laboratory which can
cause time delays.’ Point of care testing for ALT, or alternative biomarkers, would be
beneficial, allowing bedside diagnosis and avoiding long laboratory turnaround times. We have
developed a lateral flow immunoassay (LFIA) utilising gold nanoparticles functionalised with
ALT detection antibodies and a Raman reporter molecule. Surface enhanced Raman
spectroscopy (SERS) was then used to detect the response at the test spot. The running
conditions were optimised, calibration curves were obtained in both buffer and serum and it
was confirmed that the endogenous protein could be detected by the assay. This work creates a
foundation from which multiplexed lateral flow immunoassays could be developed.

A,ﬁ
Control >N * *\ \ )*” -~
Test /‘ K *‘\\1;
min | \K
Test Control

Figure 1 Schematic showing the SERS LFIA procedure of sample addition, wait time and SERS analysis,
and the immunoassay complexes that form at the test and control areas

! Ayoub, S. S. Temperature (Austin) 2021, 8 (4), 351-371.

2 Shiffman, S.; Battista, D. R.; Kelly, J. P. et al. BrJ Clin Pharmacol 2018, 84 (6), 1250-1257.

s Sloan-Dennison, S.; Scullion, K. M.; Clark, B. et al. Nature Communications 2025, 16 (1), 6223.
& David, S.; Hamilton, J. P. US Gastroenterol Hepatol Rev 2010, 6, 73-80.
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Paracetamol overdose (POD) is more common than generally perceived with over 100,000
cases occurring in the UK each year.! Tt results in a drug induced liver injury (DILI) which
limits the regenerative capacity of the liver tissue, damaging it faster than it can heal. This cycle
continues until liver failure occurs, where the only chance of survival is a transplant.
Unfortunately, the demand for a new organ outweighs the supply, resulting in one death every
twenty-five patients worldwide.! This chain of events can only be broken with a faster diagnosis
and treatment of DILI.

To rapidly diagnose DILI we have created a surface enhanced Raman scattering-lateral flow
assay (SERS-LFA) to detect and quantify the biomarker miR-122, a small chain RNA sequence.
miR-122 takes as little as 10 minutes to rise following POD and is specific to liver tissue,
making it an ideal candidate for monitoring DILI.> The LFA is considered the ideal platform
for this application as LFAs are widely trusted, offer fast time to results and simplicity in
clinical settings, while maintaining low manufacturing costs.?

To detect mir-122 on the LFA, gold nanoprobes were used to capture miR-122 and anchor it
onto the test line, giving rise to a red colour that varied in intensity with target concentration.
Quantification was achieved by functionalising the gold nanoprobes with a Raman label, so that
when the test line was analysed with a handheld Raman reader, the resulting SERS signal
correlated to the concentration of miR-122. Detection and quantification of miR-122 at
clinically relevant concentrations has been achieved with preliminary results indicating the

potential of the assay at the point of care.
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Figure 1. A) Schematic of LFA designed for the detection of mir-122. B) SERS-LFA illustrating an increase
in SERS signal of the test line when DILI is present measured using the handheld Raman reader.

'R. J. Andrade, N. Chalasani, E. S. Bjérnsson, A. Suzuki, G. A. Kullak-Ublick, P. B. Watkins, H. Devarbhavi, M.
Merz, M. 1. Lucena, N. Kaplowitz and G. P. Aithal, Nat Rev Dis Primers, 5 (2019) 58.

2 M. Kersaudy-Kerhoas, A. Liga, A. Roychoudhury, M. Stamouli, R. Grant, D. S. Carrera, H. Schulze, W.
Mielczarek, W. Oosthuyzen, J. F. Quintana, P. Dickinson, A. H. Buck, N. R. Leslie, J. Haas, T. T. Bachmann and
J. W. Dear, Biomicrofluidics, 16 (2022) 024108.

3 A. Jaisankar, S. Krishnan and L. Rangasamy, Anal Biochem, 655 (2022) 114874,
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Li-ion battery anodes consist of a variety of components and materials, including coi
materials and binders. Different types of carbon are used in anodes to fulfil different p
such as participating in intercalation reactions with lithiumsjocend providing conducti
paths for charge carrier$he current drive to increase the lifespan and quality of ba
means that understanding chemical distribution and how this impacts the battery
longevity is key Ramanspectroscopys idedly suited as a tool for characterisation of ant
due to its ability tacharacterisélifferent carbon forms and identify changes to the crystal
and quality of the graphitic and amorphous material

The Strada Intelligent Raman microscope was used for analysis of anodes fabricai
different preparation methods. Quantification of the different forms of carbon presen
anode identified relative changes in the amount of graphitic and cardtenials as well as
reduction in the particle domain sizes, indicating a breakdown of the materials du
mixing process.

Raman image showing the chemical distributddrtarbon (red) and SiOx (greeagrossan analysedareaon ar
anode.
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Extracellular vesicles (EVs) are nanoscale lipiidyer particles secreted by cells that c
proteins, lipids, and nucleic acids and can report metabolic and inflammatory state
Sspectroscopy can acquire an Eahdithootlabetsub
translation to robust phenotyping is limited by spectral heterogeneity across cell ty
culture conditions, and by the risk of overfitting when datasets are small.

We describe an FTIiRnachine learning workflow for EV characterization across nine cel
under three perturbation regimes: control medium;dgdweose medium (metabolic stress),
TNF-U stimulation (inflammat or y difoneg media usiv
standardized procedures and measured by FTIR to capture biochemical informatic
40009 00 cmi 1l range, covering l i pid C
phosphate/carbohydrate bands. Spectra were processed with atmospherensatior
baseline correction, and scattebust normalization , followed by SavitaZkgolay smoothin
and derivative features; replicdtavel quality control and outlier detection were used to cc
preparation and measurement variability.

To separate conditiedriven changes from cell line effects, we benchmark cla
chemometrics (PCA, PL-BA) and modern classifiers (support vector machines and re
forests). Performance is assessed with nested-catigation and a stringent leawae-cell-
line-out protocol, providing an estimate of how well models generalize to unseen bic
backgrounds. Unsupervised embeddings (PGNE) visualize the EV spectral landscape
help compare shared versus cell lisigecific responses. Feattatribution methods (M
Feature selection) highlight discriminative wavenumber regions and relate them to vik
assignments, yielding interpretable spectral markers of EV remodeling under glucose li
andTNFU exposur e.

Overall, this work integrates IR spectroscopy with Al to deliver scalable,-fedeelE\
phenotyping, supporting standardized EV quality control and providing a foundat
spectroscopic monitoring of metabolic and inflammatory perturbations in biatiegynan:
biomedical research.
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Reliable baseline correction remains a fundamental bottleneck in Raman spectroscopy,
particularly for low signal-to-noise, fluorescence-dominated, and high-throughput datasets.
Conventional algorithms such as asymmetric least squares and its variants rely on manual tuning
of regularization parameters, limiting reproducibility and scalability, while recent deep-learning
approaches often lack interpretability and generalizability across experimental conditions.

Here, we present DIRAS (Dynamic Iterative Reweighted Autoregressive Spectral baseline
correction), a physics-aware framework that adaptively suppresses baseline distortions while
preserving true spectral features without the need for precise parameter tuning. DIRAS integrates
autoregressive spectral energy estimation with residual-dependent reweighting, yielding robust
baseline correction across wide variations in signal-to-noise ratio and baseline complexity.
Crucially, DIRAS exhibits low sensitivity to the smoothing parameter, enabling consistent
performance in batch and mapping experiments.

Building on this foundation, we introduce DIRAS+, a hybrid machine-learning extension that
predicts spectrum-specific regularization parameters in real time. By combining a one-
dimensional convolutional encoder with gradient-boosted regression, DIRAS+ learns a nonlinear
mapping between spectral features and optimal correction parameters derived from structural
similarity index (SSIM)-based optimization. This approach preserves user control while enabling
fully automated, high-throughput preprocessing.

Benchmarking on synthetic Raman spectra and experimental SERS datasets demonstrates that
DIRAS and DIRAS+ outperform established methods in baseline fidelity, peak preservation, and
batch consistency. Importantly, improved preprocessing directly enhances downstream
chemometric performance, yielding lower prediction errors in intensity-based sensing tasks.
Together, DIRAS and DIRAS+ provide an interpretable, scalable, and parameter-robust solution
for Raman baseline correction, bridging physics-based modeling with machine learning
automation for modern spectroscopic workflows. !

1 Aradhye, P. D.; Mandal, S.; Gray, R. D.; Campbell, C. ]. Adaptive Physics-Aware Raman Baseline Correction
with Machine Learning Predicted Parameters. Anal Chem 2025, 97 (48), 26708-26719.
https://doi.org/10.1021 /acs.analchem.5c¢05185.
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The integration of chemical imaging with artificial intelligence presents a compelling
toward fully digital, labelfree histopathology, yet it also introduces notable challenges.
deep learning models from domains like machine vision, digitabpagy, and remote sens
are readily accessible, they frequently struggle to generalize effectively to chemical

data, as highlighted in recent resédrc Additionally, although foundational pathologi
models show potential for advancing-Bésed chemical imaging, our recent assess
suggest they may fall short in addressing the broad spectrum of classification tasks en
in clinical settings.

In this work, we highlight some recent published work from our research towards dev
Al for diagnostics and prognostics with chemical imaging data, and benchmark these
various foundation pathological models for taglecific applications in feast cancerWe
identify and analyze critical limitationgnd provide docus on both architectural and d
centric options to improveperformance andéchieve thefull potential of this approach
histopathological workflows.

Keogan, Aet al.Prediction of postreatment recurrence in eaidyage breast cancer using déegrning
with mid-infrared chemical histopathological imagimgj Precis. Onc9, 1i 11 (2025).
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