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Mg,NiH, switchable mirrors, which switch from shiny metallic Mygj to transparent MgNiH,, are

shown to exhibit also dramatic reversible changegefiectanceat remarkably low hydrogen
concentrations. Already for=0.3 a 232 nm thick MgNiH, film has an absorptance 6f90% over

the whole visible optical spectrum. The transition from highly reflective to black occurs in the
concentration interval 0<Lx<<0.3. The volume changes involved are one order of magnitude
smaller than in the transition from reflecting to transparent. This is expected to enhance the lifetime
of future devices based on these materials. 2@2 American Institute of Physics.

[DOI: 10.1063/1.1463205

In 1996, Huibertset al! discovered that palladium pro- hibit dramatic changes in reflectance. While remaining in the
tected metal-hydride films of yttrium and lanthanum metalsmetallic state, they switch from a shiny mirror to a black
could be simply, reversibly, and rapidly switched between aabsorber. The great attractiveness of these variable reflec-
shiny metal and a transparent large band-gap semiconducttince metalhydride films is thdt) only little hydrogen is
by hydrogen loading.These first-generation hydrogen swit- needed for optical switchindii) no large volume expansion
chable material$HYSWIM) were soon followed by a sec- occurs during switchingjii ) the switching is reversible, and
ond generation of HYSWIMs consisting of Mg-alloyed (iv) they do not contain rare earths, which are highly corro-
rare-earth-hydridéd discovered by Van der Sluist al. and  gjye.

a third generation of Mg—Ni hydride$ discovered in 2000 Films of Mg,Ni are prepared by sputter deposition in a
by Richardsoret al. Contrary to bulk Mg,Ni, films of this  Balzers UTT 400 sputter unit with Mg and Ni targets of
compound react readilyand without embrittlementwith typically 99.9% purity. The background pressure of the
gaseous hydrogen at room temperature and moderate pr&gscyum chamber is less than £0Pa, and the Ar-deposition
sure (well below 16 Pa to form Mg,NiH,. The hydrogen  ressure is below 1 Pa. Glass substrates with a thin conduct-
solubility rangé& of the hexagonal MgNi is limited to 0.3, ing layer of indium tin oxide, glassy carbon, and Corning

l.e., it extends up to a composition MgiHo 5. The hydride 7059 4re ysed for electrochemical, Rutherford backscattering
MgZN'H“ is the only stable ternary compound known for thespectrometry(RBS), optical, and electrical measurements,
Mg_‘rﬁ:Hhsyssiiméf MaNiH. is verv interesting since the respectively. The films are coveréa situ with a thin layer
nature ofpthye ground sgta(er?etallic gr semiconj]uctir)gde— (~2nm) of Pd to. prot(.act. them against qxidation and to prp—
pends crucially on the out-of-plane distance of the four H.mOte hydr_ogen dIS.SOCI.atlon and absorptlon.. The compOSItlon
atoms covalently bound to Ni. In this picture MdliH, is a Is determinedex situwith RBS to be I\./IgN.| with a little
excess(0.1) of Mg. Hydrogen gas loading is carried out at

sort of ionic compound formed of Mg ions and NiH,]*~
complexes. As the availability of thin films of this material 100 temperature at pressures between 400 ah®a0The

makes it possible to explore in detail its basic physical proppressfurej ar?l t;hosen So as to he;/e ample loading/unloading
erties(electrical resistivity, Hall coefficient, optical transmit- time for detailed measurements. X-ray experiments are per-

tance and reflectance, energy gaps), éftg,NiH, films have formed with CuKe radiation in a'\ rotgting anode Riga}ku
recently attracted a lot of interest. x-ray spectrometer. The as-deposited films do not exhibit any

In this letter, we report on another remarkable optical*@Y diffraction peaks and are therefore either amorphous or
property of MgNiH, films. We show that already at low nanocrystalline. Optical measurements are carried out in a
hydrogen concentratiofi.e., forx<0.3), Mg,NiH, films ex- ~ Bruker IFS66/S Fourier transform infrared spectrometer at
photon energies between 0.72 and 3.5 eV corresponding to
wavelengths between 1722 and 354 nm. Transmission and

3E|ectronic mail: jcisidor@nat.vu.nl

bElectronic mail: giebels@nat.vu.nl reflgctlon at near norma_ll incidence are re_corded c_or_1t|_nu01_Jst
®Electronic mail: griessen@nat.vu.nl during loading/unloading. The electrical resistivity is
0003-6951/2002/80(13)/2305/3/$19.00 2305 © 2002 American Institute of Physics
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FIG. 1. Room temperature hydrogen pressure-composition isotherm evalu-

FIG. 2. Optical transmission and reflectionfiab= 1.24 eV recorded simul-
taneously together with the electrical resistivity during hydrogen loading of

a 232 nm thick MgNiH, protected wih a 2 nmthick Pd caplayer. At 3200

s, the pressure is increased from 1500 to 2500 Pa, at 4200 s to 9200 Pa, at
5400 s to 0.258 10° Pa, and at 5800 s to 1Pa.

ated from electrochemical GITT measurements on a 232 nm thighMt
protected wih a 2 nmthick Pd caplayer. The transmission measured with a
laser withzzw=1.85 eV is given in arbitrary units. The plateau correspond-
ing to the two-phase region between MiH,; and MgNiH, starts ap-
proximately atx=[H]/[Mg,Ni]~0.3. The large changes in reflection in

Figs. 2 and 3 occur at<0.3. close to MgNiH, is reached. These changes are associated

with a metal—insulator transition. THeptical) band gap of
the transparent MgNiH, is 1.6 eV, and increases with in-

measured in a Van der Patfiiconfiguration simultaneousl . P
9 y creasing Mg content. The transmission is lower than that of

with x-ray scattering and optical spectra. R s
Electrochemical loading is carried out with an EG&G more Mg-rich f|lms. . N

PAR 273A potentiostat/galvanostat in 1 M KOH in a stan- . The most interesting fea_lture n F|g. 2 and, at_the same

dard three-electrode configuration with a Pt counter electrodﬁ_‘me’ the central result of this letter, is the dramatic drop in

and an Hg/HgO reference electrode. Optical transmission i e optical reflectance on the low hydrogen conceniration

measured simultaneously with a laser at 1.85 eV. The gaﬁ'df'lB?tWSeéu;mg gnsfj t1h500 ?I, Wth'Ch cgrrespgnd aflpptrOXI-f
vanostatic intermittent titration techniqu&ITT) is used to mately tox=0.2 and 9.3, (he refiectance drops by a factor o

determine the equilibrium potential o, as a function of hy- 6 while the electrical resistivity remains metallic:>a0.3,

drogen concentration in the sampfewith these data and i? is 94 pf2cm. As the MgNiHo 3 film is nontra}nsparent_, Fhe
Nernst's equatior(with py,. in units of 1§ Pa andU o in film has an absorptance larger thgn 90% in the minimum
2 reflectance state. Note that the intrinsic absorptance of

volts) Mg,NiHg 5 is even higher since the reflectance has not been
2F corrected for the reflectance of the glass substrate, which is
In PH,=— R_-r(UecPL 0.926, 1) ~3.5%. Furthermore, as seen in Fig. 3, the concentration at

i o __. which the minimum in reflectance occuiis., t~1500 3 is

we obtain the pressure-composition |sot_herm shown in F'gessentially independent of the photon energy fow
1.In Eq. (1), F is the Faraday constarR is the molar gas -1 25 ev. This implies that a low reflectance occurs over
constant, andr is the absolute temperature. The pressuréthe entire visible spectrum in a narrow range of hydrogen
composition isotherm exhibits a plateau neag~2 Pa that  oncentration around=0.3, i.e., around= 1500 s in Fig. 3.
corresponds to the coexistence region of ;Mo 3 and A Drude—Lorentz fit to the data in Fig. 3 suggests that
MgNiH4. Forx=[H]/[Mg,Ni]>3.3, development of gas- the density of free charge carriers decreases rapidly between
eous H on the electrode surface leads to a spurious satura=700 and 1500 §i.e., forx between 0.2 and O)3ince the
tion in py, and transmission. The large changes in reflecitted plasma energfiw, decreases from approximately 10
tance described below occur in taeMg,NiH, phase forx eV in Mg,Ni to approximately 2 eV in MgNiHy 3. Such a
<0.3, i.e., before the plateau in the pressure-compositionlarge shift, which corresponds at least to a decrease by a
isotherm is reached. factor of 25 in charge carrier density (A w,>/n) can not

In Fig. 2, the evolution of the resistivity of a 232 nm be understood within a rigid-band structure model since each
thick Mg,NiH, film is displayed together with the optical added hydrogen can at most bind one host electron to form
reflection and transmission recorded at 1.24 (€¥., 1000 an H ion. Forx=0.3, one would then expect that the four
nm). The sample is exposed to hydrogdm2x 10> Pa H,) at  conduction electrons of Md\i have been reduced to 3.7 in
t=350s. On the high hydrogen concentration side ( Mg,NiHq 3. This 7.5% reduction in charge carrier density is
>4000 s), one observes large variations of the electrical remuch lower than the factor of 25 mentioned herein. The large
sistivity and the optical transmittance. The resistivity in-drop in7, might, however, be indicative of a Peierls tran-
creases from 26QQ) cm to 9 m{) cm when a composition sition triggered by the rearrangement of the H ions in the
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material for an all-solid-state heterostructiireonsisting of
a hydrogen-ion conductdsolid electrolyt¢ and a counter
electrode. This should lead to variable reflectance devices
with unique propertie&®

The possibility to transform a good metallic mirror into a
black layer offers also entirely possibilities for electronic pa-
per and is interesting for all applications where the thermal
state of a system needs to be controlléor example in
buildings and in satellitgsor the reflectance needs to be
adapted to external circumstandésr example, in antiglare
rear-view mirrors.
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