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Pure YH_s and Mg, 1Yo gHo 9 s exhibit large differences in their thermochromic properties.
Whereas the transmittance of ¥H; decreases by 9% to 36%, in Mg'oH, o 5 it decreases by

64% to 83% between 30°C and 160°C. This thermochromic effect is caused by hydrogen
desorption upon temperature increase. The main difference between the two systems is that the
face-centered-cubic to hexagonal-close-packed phase transition betwegry #¥hld YH;_ ;5 is

absent in Mg Yo dH,, i.e., the YH stays cubic for all Zx=<3. Because of this, there are no
plateaus in the pressure—composition isotherms of MggH, and the steepness of the optical
transition upon hydrogen desorption increases drastically compared to puge @002
American Institute of Physics[DOI: 10.1063/1.1446993

Since the discovery of switchable mirrors based on rare-  Polycrystalline Y and Mg.Y o films of typically 260
earth hydride films,a lot of research has been done on thisand 280 nm thickness are coevaporated under ultrahigh
type of materials. Alloying with magnesium has for examplevacuum conditions (10° mbar) on ALO; substrates. Y is
resulted in color neutral switchable mirrdr$he mirrors can  evaporated with an electron gun and Mg with a Knudsen
be switched between a metallic, reflecting state and an insweell. To protect the films against oxidation and to promote
lating, transparent state by either gasochrohic, hydrogen dissociatima 9 nmthin Pd layer is deposited on
electrochromi* or chemochromit means. Furthermore, top of the films. The film composition is checked with Ru-
they display photochromicand piezochromicchanges in therford backscattering spectrometry. Optical transmittance
their optical properties. In this letter, we show that they carspectra are recorded in a Bruker IFS 66/S spectrometer. The
also exhibit strong thermochromic effects. films are hydrogenated in 1 bar of,Hat temperatures be-

One speaks of a thermochromic effect if the opticaltween 30°C and 160 °C.
properties of a sample change with temperature. Since itis To investigate thermochromism, a sample is loaded a
relatively simple to tune the temperature of a material, therfew times to the transparent state in 1 barikla closed gas
mochromism is of considerable technological interest. Poscell at room temperature. Subsequently, the temperature of
sible applications of thermochromic materials are smart winthe sample is increased stepwise, while transmittance spectra
dows or temperature senséré.well known thermochromic  are recorded. A large difference is observed between both
material is, e.g., pure VO(Ref. 9 or VO, doped with W samplegsee Fig. 1*® Whereas the transmittance of ¥H;
(Ref. 10, Li (Ref. 11, or F (Ref. 12, which displays a s only slightly temperature dependent, the transmittance of
sudden transmittance drop in the near infraf@80 to 2500  the film containing Mg decreases rapidly. Oxidation effects
nm). This is related to a first-order structural phase transitionegn be neglected as the process is reversible.

Continuously changing materials include alcohol/water solu-  To compare the performance of the two systems quanti-
tions of CoC} (Ref. 13 and an aqueous solution of 3,5- tatjvely, the transmittance is normalized to 1 at 30(@e
dinitro salicylic acid®** However, thermochromism appears Fig. 2). Whereas the transmittance of YH, decreases only
only in a rather limited frequency and temperature range. by 9% to 36%, in Mg,Y,dH» o s it decreases by 64% to

Here, we consider thermochromic materials whichgzos petween 30°C and 160 °C. Both materials shaera
changecontinuouslyin optical appearance with temperature tinyous decrease in transmittance with temperature. How-
over a large frequency range. \We investigated two systems igyer, the wavelength dependence is rather different; YH
Hz gas: YH and Mg Yooty As discussed by Van der gisplays aminimal change of the transmittance with tem-
Molen et al,™ the major difference between these two sys-perature at~800 nm. On the other hand, M@YodHz o 5
tems is that YK exhibits a face-centered-cubiécc) to  exhibits amaximal change with temperature at550 nm
hexagonal-close-packeticp) transition when YH., ; trans-  (see also Fig. )L The large and almost linear variation of the

forms to YH;_;, whereas the segregated YHIn  transmittance of Mg,Y o dH, o 5 Makes it attractive for tem-
Mdo 1Y o.gHyx Stays fcc for allx>2. A Mg content of 10 at. % perature sensofs.

is chosen, because this is the lowest concentration that stabi- 1, identify the cause of the thermochromic effect, we

lizes fcc YHs 5. discuss the quantities determining the optical transmittance,
Topt, In More detail. Generallyf , is a function of both the

3Electronic mail: giebels@nat.vu.nl temperatureT, and the equilibrium hydrogen concentration,
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Transmittance (%)

FIG. 1. Transmittance spectra ¢& 260 nm YH;_; and (b) 280 nm
Mdo 1Y o.gHz 9 s (0N sapphire and covered with9 nm of Pd in 1 bar of H,

at temperatures between 30 °C and 150 °C. Spectfa)iare recorded in
the fourth-loading cycle, those itb) in the third-loading cycle. Arrows
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FIG. 3. Pressure—composition isothefsquarepat 30 °C of(a) YH;_ 5. ax
and(b) Mgg 1Y o.dH» o s+ ax @s a function ofAx, the amount of hydrogen per
metal atom that is desorbed. The measurements are performed in the third
desorption cycle using GITT. Also shown is the normalized transmittance at
670 nm(circles. At Ax=0.0 the sample is fully loaded with hydrogen,
aroundAx= —0.8 the sample is unloaded.

covered part is capped by a thin,®; oxide layer which is
impermeable for hydrogen. Having prepared an area of insu-

indicate the wavelengths at which there is a minimal respectively maximalating, transparent material of YH s or Mgy 1Y o dHz.9- 5 be-
change of the transmittance with temperat(see Fig. 2

neath the oxide via lateral diffusion of hydrogen from the Pd
strip, we monitor the transmittance as a function of tempera-

X, in the sample which is itself a function of temperature andUre- In this case, hydrogen can only leak out of the oxide

H, pressure. At constant pressure, we hadyg{ T,x(T)].
However, the explicit temperature dependence is negligible.”
This is demonstrated using lateral diffusion sampté&with

covered area if the time scale of lateral diffusiop
=12/D (I distance to Pd strip arid the diffusion constanis
smaller than the time scale of the experimesntl( h). For

only a small Pd strip covering part of the surface. The ynmost of the transparent area, this is not at all the case, and,

Transmittance(hormalized)

FIG. 2. Dependence of the normalized transmittancéapfYH;_ 5 at 450
(circles, 800 (squares and 1600 nnitriangles and(b) Mgg 1Yo dH» 4 s at
425(circles, 550(squarey and 1600 nnftriangles on temperature. YE
shows a minimal change of the transmittance with temperature at about 8
nm, whereas Mg,Y o dH, o s Shows a maximal change with temperature at
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consequently, we measufig,(T) at constant H concentra-
tion. Interestingly, we find a negligible change in the trans-
mittance of the diffusion region below the oxide with in-
creasing temperature for both systems. Thlg, depends
only implicitely on temperature via the equilibrium hydrogen
concentratiorx: Top{ X(T)]. This conclusion is confirmed by
Leeuwerink’ who investigated the transmittance of YH;

at temperatures between 20 and 350 K. During cooling down
from 350 K the transmittance first increases until a tempera-
ture of 250 K is reached. For lower temperatures, the trans-
mittance stays constant since hydrogen is trapped in the
sample. At this temperature the hysteresis in resistivity-
versus-temperature loops also clo¥e3herefore, the ther-
mochromic effect results from changes in the equilibrium
hydrogen concentration.

The large difference in magnitude of the thermochromic
effect between the two systems is due to differences in ther-
modynamical and optical behavior. To investigate this,
pressure—composition isotherms are measured during hydro-
gen desorption together with the transmittance using a laser-
diode withA =670 nm as a function oAx, the amount of
hydrogen per metal atom that is desorligee Fig. 3 This is
done electrochemically with an EG&G Princeton Applied
Research 273A potentiostat/galvanostat to be able to deter-
mine the hydrogen concentration. To avoid effects related to

Otg]e kinetics of hydrogenation, we employ the galvanostatic
intermittent titration techniquéGITT).!® The isotherms of
the two systems are markedly different. The plateau in Fig.
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3(a) is due to the coexistence of hcp ¥Hs and fcc YH,, 5. ent in both materials. The combination of both phenomena is
On the other hand, there is no plateau in Fign) 3ince YH, responsible for a much larger thermochromic effect in
remains cubic ther® The amount of hydrogen desorbed Mg, ;Yo oH, o 5 than in YH;_ 5.

from YH;_ s and Mg, 1Y dH, o s UpON temperature increase
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