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Introduction

Temperature plays a key role in several industrial fields®, biological processes and 1. Luminescence nano-thermometry for biology concept 2. Temperature uncertainty modelling
health care applications. While traditional, remote and contact-based, thermometry

techniques have been instrumental in understanding macroscopic thermal phenomena, Excited . O 'Ll

. . - . . . ... State E2
they face significant limitations at the nanoscale. At this level, heat transfer transitions Back to a lower energy state -

from diffusive behaviour (Fourier’'s law), governed by continuum mechanics, to ballistic Jablonski diagram Photon excitation if,.'f,f;f;’:t roses ereneey

regimes, where energy carriers such as phonons or electrons propagate without Luminescence process ~ V7 +— Emitted photon ‘
scattering. This characteristic make the use of contact sensors and black-body | honradiative relaation.
radiation-based techniques unreliable while also adding complexity to typical cround
temperature uncertainty estimation approaches. Novel nano-thermometry technigues State E1
seek to bridge this gap, by facilitating the extraction of accurate local temperature | uminescent ,Continuum media_ Nanoscale - Ballistic heat transfer
mformatlon_ within a system at s_ub-mlcrometre spatial resolution. Such measuiem_ents nanoparticIeS\ Emission A(T) mp T Fourier’'s Law (macroscopic heat Structure and surface dependent
are essential to understand micrometre scale and nanostructured systems in fields transfer) Phonon transfer

such as; quantum technologies (opto-electronics, photonics), biology (cell behaviour),
medicine (targeted cancer therapies, early disease diagnosis, etc.) and advanced 7 i\H\

engineering (nanofluidics, efficient energy storage, advanced materials, etc.).

Ballistic heat transfer
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i e i SR . Optical signal analysis -
Luminescence Nano-thermo metry Excited P J y model Traceability

Luminescence nano-thermometry has emerged as a promising optical-based Biological tissue luminescent —

technique? able to address the aforementioned challenges. This approach leverages J nanoparticles Calibration temperature probe
the temperature dependence of luminescent properties (spectrum shape, excited uncertainties

states lifetime, excitation rise time, etc.) of nanometre-sized particles embedded and in

close thermal equilibrium with the medium of interest. This technique yields up to sub-

micrometre spatial resolution with minimal perturbation and relatively short integration

tlmef_so.I Howe\éier, It dcur.ri;e_ir_\ttly lacks metrciloglcigl t_standardlsatlon which limits its 3. Measurement setup for initial assessment 4 Temperature Sensitivity thimisa’[ion
contiaence and reproducibiiity across several applications D —— Intensity ratio approach: filters band optimisation for 120 nm NDs using, NPL

- Raman microscopy
= Luminescent material: 120 nm developed, spectral assessment software

nan Odiamonds (3 PPM NV_), 1 ] FLEL Band sumweighﬁng:? [ﬁ, ) _percentile
Merit function Show data above nth percentile | f io—l/ | 1.113E-18 J

Main objectives of this work - o mg/mL (water solution) i -
= Emission spectra vs temperature N - Al | . .
Interference filters

[24 °C - 60 °C], U(T)=1°C determination

= Excitation: 16 pW (0.05%) @ 532 nm ' ‘ o =] balancing signal

CW laser excitation ' : ecmzom | INtE@NSItY @and

Optimal

1. Investigate the heat transfer characteristics at the nanoscale by expanding current
NPL designed luminescence metrology numerical models to understand the
Implications of local temperature and interactions at the nanoscale

. Explore the temperature-dependent Iluminescence behaviour of specialized Yo a ‘ A ETTTE L L S S T sensitivity

. . . . Wavelength 1 / nm
luminescent nanoparticles, such as nanodiamonds (NDs) with luminescent nitrogen | wgiﬁli'g;iﬁ ?g?g?ﬁfgﬁteenﬂiﬁinvr;ratwes
vacancy — NV - centres, and improve their performance to operate as reliable Temperature Nanodiamonds ‘
remote temperature sensors using imaging-based microscopy systems; and, control stage sample 120 nm NV Nanodiamonds - Exc: 532 nm - Raman e amonds( 1207m) spetalanatsis: FAHA o imonds 1201m) pecta s FAHAN o monds 1201m) pectal anatsis: FAHA

miscosco pedata. 687/10 nm and 596/10 nm. miscosco pedata. 687/10 nm and 596/10 nm. miscoscopedata. 687/10 nm and 596/10 nm.

Microscopy
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. Define the essential requirements for establishing traceable temperatures for the g - = oo ﬁ L=
luminescence nanophosphors while optimizing their performance. » ; 14000 - | —ascc
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process for cell division o (101) SlocronicsS accelerate its integration into critical fields. This work addresses this issue by providing
researchers with in-situ standardisation and traceability tools such as calibration and
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