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temperature control
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temperature

a device that gives information about an event in
which temperature is crossed is helpful
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“at what radiation
dose does
temperature
increase locally
above a given
threshold?”

other times, the
crossing of
temperature limits is
used to achieve
something else

hyperthermia therapy
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easy integration on biosystems
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set/reset fIip-Iop logic gate

a device that records and retains
memory of an event in which a

temperature
temperature threshold was crossed o threshold
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nanoparticles non-volatile
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Iron selenides

FeSe, Fe,Seg
Fe;Se, FeSe

(A) - (B Sy ()

Fe;Se, Nanostructures with Giant Coercivity Synthesized by Solution
Chemistry, Chem. Mater. 23, 3769-3774, 2011
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Iron Oleate

Selenium-octadecene
precursors

Tetradecylphosphonic acid

1-Dodecanethiol
ligands

Ramp rate: 5°C/min
Temperature range: 200-220°C

conditions
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bi-stability temp. range
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Time diagram of the
proposed logic gate
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A DESIGN OF NANOPLATELET TESTING PLATFORMS
Hexagonal ... 37 9¢ Testing Platform
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Nanoplatelet Hydrogel

evaluation of Fe,Se, nanoplatelets as logic gates

LOGIC GATE OPERATION

Im L[ stimuli J [ Output J ) Biological Outcome

| Calcein-AM i Propidium lodide |
(4] ../ ~—

°3° 060 , B2 B3

Below Threshold

Above Threshold

570 mW/cm?

Magnetic Field : i -
SetHight (B NIRLight g Magnetic g ) ;u0 cells Dead Cells
(H=1) Irradiation Detection

field @ fluxgate (uT)

e -

1 342 mW/cm®

before
after

<42 °C

| 570 mW/cm?

> 42 °C

Rute A. Pereira | University of Aveiro

0.4 0.0 0.1 0.2 0.3 0.4
time (min)

13



Magnetic

6 field

High
Magnetization

Low

Temperature ° Magnetization

a h &

ciceco
aveiro institute of materials

e £
7

\ /I

Rute A. Pereira | University of Aveiro

Communication

Temperature-responsive nanomagnetic logic
gates for cellular hyperthermia

Rui Oliveira-Silva, Rute A. Pereira, Fabio M. Silva, Vitor M. Gaspar, Alfonso Ibarra, Angel Millan,
Filipa L. Sousa, Joao F. Mano and Nuno J. O. Silva

Too hot for cells? Iron selenide magnetic nanoparticles are obtained and used as
logic gates recording any possible temperature overshoot event as those
occurring during hyperthermia.

The article was first published on 13 Dec 2018
Mater. Horiz., 2019, Advance Article
http://dx.doi.org/10.1039/C8MH01510D
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Communication

Temperature-responsive nanomagnetic logic : -

thank

gates for cellular hyperthermia

Rui Oliveira-Silva, Rute A. Pereira, Fabio M. Silva, Vitor M. Gaspar, Alfonso Ibarra, Angel Millan,
Filipa L. Sousa, Jodo F. Mano and Nuno J. O. Silva

Too hot for cells? Iron selenide magnetic nanoparticles are obtained and used as
logic gates recording any possible temperature overshoot event as those
occurring during hyperthermia.
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The article was first published on 13 Dec 2018
Mater. Horiz., 2019, Advance Article — — .
http://dx.doi.org/10.1039/C8MH01510D = hﬁ“

This work was developed in the scope of the projects CoolPoint P2020-PPTDC-
CTM-NAN-4511-2014 and CICECO — Aveiro Institute of Materials, POCI-01-0145-
FEDER-007679 (FCT Ref. UID/CTM/5001/2013), financed by national funds
through the FCT/MEC and co-financed by FEDER under the PT2020 Partnership
Agreement. The work in Zaragoza has been supported through research grants
financed by Aragon’s government (group E10-17D). Acess to advanced electron
microscopy facilities received funding from the European Union Seventh
Framework Programme under Grant Agreement 312483 — ESTEEM2 (Integrated
Infrastructure Initiative). This work was supported by a STSM Grant from COST
Action MP1306 and from COST Action TD1402. RPOS, VGM, FLS and NJOS
acknowledge FCT for the PD/BD/116850/2016, SFRH/BPD/119983/2016,
IF/00222/2015 and IF/01533/2015 grants.
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