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Abstract

The switchable mirror materials can change between semiconductor (transparent) state and metal (mirror)
state reversibly by hydrogenation and dehydrogenation. Gd-Mg, Ni-Mg or Y-Mg alloys are known as the
representative switchable mirror materials. There are two ways as the switching methods. One is the gas
chromic method, in which the films are directly hydrogenates using hydrogen gas, and the another is the
electrochromic method in which the films are hydrogenates by the electrochemical proton-intercalation. The
switchable mirror materials have been expected to be applied as “smart windows” that can change the optical
properties reversibly with hydrogenation and dehydrogenation. We focused on the application as a "thermal
switch [1]" which can control thermal conductance. Such switchable mirror films show the almost no memory
properties, which make it difficult to analyze the thermal conductivity directly, and hence there have been very
few reports on their thermophysical properties. In this study, we investigated on the thermal properties of the
Y-Mg alloy films, which has been reported to perform the durability of more than10,000 cycles [2]. The
purposes of this study are the development of in-situ measurement apparatus to evaluate thermophysical
properties of switchable mirror films under the electrochemical operations to understand the mechanism of
switching thermophysical properties by the electrochemical hydrogenation and dehydrogenation.

Cr films with the 100 nm thickness were deposited on unheated quartz substrates by dc magnetron
sputtering as the electrodes for the electrochemical measurements and also for reflective films in the
thermoreflectance measurements. The Y-Mg alloy films capped with Pd films were deposited on the Cr-coated
quartz substrates by dc magnetron sputtering using an Y-Mg alloy target (Y: 60 at%) followed by the Pd
deposition also by the dc sputtering without exposure to the air. The thickness of the Y-Mg films and Pd films
were 100 nm and 5 nm, respectively. The pressure of Ar gas (99.999%) during the Y-Mg depositions was kept
at 1.0 Pa. A rear-heating / rear-detection (RR) type picosecond pulsed light heating thermoreflectance
measurements using the specially designed electrochemical Teflon cell customized for the in-situ
measurements was performed at -1.1 V (hydrogenated state) and -0.5 V (dehydrogenated state) by applying
constant potential in 1M KOH aqueous solution using potentiometer.

X-ray diffraction patterns (XRD, 6#-26) show that the as-deposited Y-Mg films were in a solid solution state
of Y and Mg. The XRD of the samples after Cyclic voltammetry measurement (hydrogenation or
dehydrogenation) showed YH, where it was thermodynamically more stable than YH;. Thermal conductivities
in the hydrogenated state (-1.1 V) and in the dehydrogenated state (-0.5 V) were analyzed to be 2.1 W m! K*!
and 7.1 W m K'!, respectively. Thermal conductivity for the films in the electrochemical dehydrogenation
state was confirmed to be about 3.4 times larger than that for the electrochemical hydrogenation state.

[1] Geoff Wehmeyer et al., Applied Physics Reviews 4, 041304 (2017).
[2] Y. Yamada et al., Solar Energy Materials & Solar Cells 117 (2013), 396-399.



	斎藤_2020年度修士論文和文要旨重里研取りまとめ.docx.pdf
	斎藤_2020年度修士論文欧文要旨重里研取りまとめ

