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There is an increasing demand for accurate, noasime and self-reference temperature
measurements as technology progresses into thesecalro This is particularly so in micro- and
nanofluidics where the comprehension of heat tearesfid thermal conductivity mechanisms can play
a crucial role in areas as diverse as energy eaasid cell physiology [1,2].

In fact, the integration of optics and micro/nanafic devices to provide novel functionalities in
nanosystems is stimulating a promising new aregptfuidics, for nanomedicine and energy. Despite
promising progress precision control of fluid temgiare by accounting for local temperature
gradients, heat propagation and accurate temperaligtributions have not yet been satisfactorily
addressede.g, investigating heat transfer mechanisms in naidgluor mapping temperature
distributions within living cells. The major obstacfor this has been the unavailability of a
thermometer with the following requirements (th&owld be simultaneously satisfied): (i) high
temperature resolution (<0.5 degree); (ii) ratiometemperature output; (iii) high spatial resoduti
(<3 um); (iv) functional independency of changes in plénic strength and surrounding
biomacromolecules; and (v) concentration-independentput. The most suitable class of
thermometers to fulfil these requirements are timgimescent ones [3].

With the objective of investigate the heat transfiechanisms in nanofluids and mapping temperature
distributions we have focused in the developmenk @raracterization of nanothermometers that can
be dispersed in different base fluids or incorpwrarganic-inorganic hybrid films [2,3]. The
thermometers performance can be compared usingethtive sensitivity (Eq. 1) , defined as the
relative change on the thermometric paramaté@aken as a ratio of intensities=1,/1, to avoid any

dependences of the temperature read on local ctvatien, fluctuations on excitation sources, etc.):

_OA/AT
5 = 2 (1)

Also the spatial resolutioX) is defined agx = OT/‘QT

, wheredT is the temperature uncertainty

max

and ‘ET‘ = dT/dxthe largest temperature gradient that can be medd4i, and the temporal

resolution defined as is defineddis= dT/(T/dt) where(dT/dt) the largest temporal temperature
change measured.
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In 2013 we reported the development of two lumiresaatiometric nanothermometefdR5-1.4
spherical NPs, DLS diameter of 119.2 + 11.6 nmIdRd-1.3,spherical NPs, DLS diameter of 40.2 +
5.9 nm) based on Fe0; maghemite core coated with an organosilica sleetlaped with Etf and
Tb** B-diketonate chelates [2]. The design of either shexane-based hybrid host or the chelate
ligands permits the nanothermometers to be usedaimofluids (.e. water suspensions of the
nanothermometers) at 293-320 K with an emissiomigua yield between 0.24 + 0.02 and 0.38 %
0.04, a relative sensitivity of up to 1.5%' Kat 293 K), a spatiotemporal resolution (constdiby the
experimental setup) of (64-6hN/150 ms (to move out of the temperature uncestaiit, stated as
0.4 K).

The nanothermometers are easily dispersible innilatsing transparent and stable nanofluids under
day light illumination, making them ideal for termpture determination in micro- and nanofluidics
using the temperature dependence of their emigwioperties. A demonstration of the use of these
particles was performed by mapping the temperattiee glass tube with an inner diameter of 1 mm
and a longitudinal length of 20 mm, filled with thanothermometers nanofluids (1 g)LA steady-
state temperature gradient was induced in the hadsfby an electrical current flowing in a coil-
shaped resistanc€&if. 1a). The current was adjusted to produce the terpergradient within the
293-320 K range. When illuminated with UV lightethanofluids presented a blue-green (NP5-1.4)
or a red-orange (NP4-1.3) emission (Fig. 1b andrdd an optical fiber was used to collect the
emission spectra which were converted into absdeteperatures. Both nanothermometers gave
analogous temperature values (temperature gradleng the capillary tube up to 3000 K)nas
shown in Fig. 1d. A temperature map recorded wistiade-of-the-art commercial IR camera was used
as a control measurement. The spatial resolutibtiseonanothermometers and IR camera argré4
(NP4-1.3), 65um (NP5-1.4) and 16Am, respectively, despite the optical fiber's indiameter of 450
pm being ca. 1.5 times larger than the camera fiedel of view.
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Figure 3 Temperature maping using fRbased nanothermometerga) Experimental setup used for
temperature mapping in nanofluids. (b) Photographtioe NP5-1.4 suspension under UV irradiation (c)
Photograph of the NP4-1.3 suspension under UV iatioh (handheld lamp). The heater, the capillaupé and
the optical fibre are also visible. (d) Comparisohthe temperature profile obtained with an IR caanglack
squares) and with the light emission of NP4-1.3iébtircles) and NP5-1.4 (red triangles). The shagdwarea
corresponds to the position of the heater. The geaolour image of the NP4-1.3 suspension is represd in
the inset.
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None of the ratiometric luminescent and non-lumiees devices proposed so far can map the
temperature in a micro/nanofluid in the 293-320aKge with such high emission quantum yields,
relative sensitivity, temperature uncertainty, aphtio-temporal resolution values. Furthermore, a
velocity in of heat traveling within the nanoflui(.2 + 0.1) mms, was determined at 294 K simply
using the E¥/Tb*" steady-state spectra of the nanothermomekégs ?). There is no precedent of
such an experimental measurement in a thermomatifluid, where the same nanoparticles
constituting the nanofluid are used to measurégimperature and to study the heat transfer.

In this communication we will present our most recéeat transfer studies using *frbased
nanothermometers and compare the experimentalsvaliie the ones reported in the literature.
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Figure 2: Temperature dynamics on the capillary tube apgerature dynamics monitored at different points x
along the capillary tube using the NP5-1.4 therreten . (b) linear relationship fr= 0.996) between the
distance x travelled by the thermal wave and theetinstant ¢ for which the temperature starts to increase
relative to the equilibrium value (294 K).
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