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ABSTRACT: A key challenge for the development of active
plasmonic nanodevices is the lack of materials with fully
controllable plasmonic properties. In this work, we demonstrate
that a plasmonic resonance in top-down nanofabricated yttrium
antennas can be completely and reversibly turned on and oﬀ using
hydrogen exposure. We fabricate arrays of yttrium nanorods and
optically observe, in extinction spectra, the hydrogen-induced
phase transition between the metallic yttrium dihydride and the
insulating trihydride. Whereas the yttrium dihydride nanostructures exhibit a pronounced particle plasmon resonance, the
transition to yttrium trihydride leads to a complete vanishing of
the resonant behavior. The plasmonic resonance in the dihydride
state can be tuned over a wide wavelength range by simply varying the size of the nanostructures. Furthermore, we develop an
analytical diﬀusion model to explain the temporal behavior of the hydrogen loading and unloading trajectories observed in our
experiments and gain information about the thermodynamics of our device. Thus, our nanorod system serves as a versatile basic
building block for active plasmonic devices ranging from switchable perfect absorbers to active local heating control elements.
KEYWORDS: Particle plasmons, active plasmonics, reconﬁgurable nanostructures, metal−insulator transitions, metal hydrides,
switchable mirrors
lasmonics has evolved into a broad and important ﬁeld of
nanooptics that enables a variety of new applications.1−3 By
creating local hotspots of the electric ﬁeld on the nanometer
scale, it is possible to develop very sensitive chemical and
biological sensor devices and locally initiate and control chemical
processes.4,5 In recent years, plasmonics has expanded toward
active nanophotonic devices, which can be reconﬁgured using
external stimuli such as laser pulses,6 mechanical strain,7−10
heat,11 or electrical currents.12,13 Furthermore, the realization of
active plasmonic devices requires a move from widely used but
passive metals such as silver or gold toward novel materials
systems.14 This allows for additional degrees of freedom in device
design and enables external control over the optical response of a
plasmonic nanostructure without having to directly modify its
geometry.15,16
Phase change materials provide an ideal toolkit for the
realization of such active nanodevices and several materials with
heating- or laser-induced switching behavior such as vanadium
dioxide (VO2),11,17−19 gallium lanthanum sulphide (GLS),20 or
germanium antimony telluride (GST)21−23 have already been
investigated in the context of plasmonics.
In 1996, Huiberts et al.24 discovered a switchable mirror eﬀect
in thin ﬁlms of yttrium when exposed to hydrogen gas. They
demonstrated that a fully reﬂecting metallic yttrium mirror
becomes dielectric and almost completely transparent after
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absorbing a suﬃcient amount of hydrogen. This work was
expanded to the ﬁeld of nanoparticles by Stepanov et al.,25,26 who
showed that hydrogenated spherical yttrium nanoparticles under
ultrahigh vacuum conditions can have switchable Mie
resonances.
Here, we demonstrate reconﬁgurable YHx nanoantennas,
fabricated via electron beam lithography, which exhibit a
pronounced plasmonic resonance in their metallic YH2 state.
The resonance wavelength and width can be widely tuned
through variation of the antenna dimensions. Compared to the
very small, bottom-up produced nanoparticles from Stepanov et
al.,25,26 we demonstrate antennas and antenna assemblies with a
large oscillator strength and varying size, showing customdesigned plasmonic properties in the near- and mid-IR spectral
regions. The transition between metallic and dielectric yttrium
hydride antennas is induced by simple hydrogen exposure from
the gas phase or from electrolysis under ambient atmospheric
conditions and shows a drastic change of the spectral response.
Compared to other promising phase change materials used in
plasmonic devices, yttrium dihydride has the advantage of
comparatively low intrinsic damping and can therefore support
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trihydride phase and recovers when switched back into the
yttrium dihydride phase.
To demonstrate the functionality of such a switchable
plasmonic system, we fabricate arrays of yttrium nanorods
(Figure 1c). We choose nanorods as a model system because
they exhibit a strong plasmonic response and approximately
dipole-like behavior and therefore constitute an ideal development platform for new plasmonic materials such as yttrium
dihydride.
To realize this system experimentally, we ﬁrst prepare a
PMMA mask on a fused silica substrate using a standard electron
beam lithography process.30 Afterward, yttrium and platinum are
evaporated onto the developed PMMA mask via electron beam
assisted evaporation. Platinum on top of the yttrium rods serves
as a catalytic layer to dissociate the H2 molecules into atomic
hydrogen. Hydrogen can then be incorporated into the yttrium
lattice to form the hydride states. Catalytic materials such as
platinum or palladium next to yttrium are necessary because
yttrium itself is not able to catalytically dissociate H2 molecules
into atomic hydrogen. Additionally, the platinum cover prevents
oxidation at the top surface of the yttrium rods. Such oxidation is
common in transition metals like yttrium, which easily form an
oxide layer (Y2O3) of several nanometers when exposed to
oxygen.26 This impedes hydrogen from penetrating into the
particle volume. Although the thin layer of platinum introduces
some additional damping to our system, the overall inﬂuence on
the plasmonic response is weak.
Figure 2 shows typical extinction spectra of the diﬀerent
hydrogenation states of yttrium nanoantennas measured with a

plasmonic resonances itself, whereas the metallic phases of VO2,
GST, or GLS are known to exhibit only a weak plasmonic
response, if any. Despite the advantage of much faster switching
times, they can often be used only in hybrid plasmonic systems,
that is, in combination with gold or other good plasmonic metals.
However, the use of hybrid systems drastically lowers the
switching contrast, since only the dielectric environment of the
resonant material changes and not the antenna itself. Therefore,
yttrium dihydride is a highly relevant and very promising
alternative for plasmonic applications that require a high
switching contrast and are less dependent on ultrashort switching
times. Furthermore, as a metal, yttrium and its hydrides can be
structured easily using standard nanofabrication techniques.
During hydrogen absorption, metallic yttrium (Y) transforms
ﬁrst into yttrium dihydride (YH2, Figure 1a), which has an even

Figure 1. (a) Schematic drawing of a metallic yttrium dihydride (YH2)
nanorod array on a fused silica substrate in hydrogen-free environment.
(b) Formation of dielectric yttrium trihydride (YH3) nanorods under
hydrogen exposure. (c) Exemplary SEM image of the fabricated YH2
nanorods.

higher electrical conductivity than pure yttrium. This phase
change from a metal in hcp conﬁguration into a fcc metal is
nonreversible under normal conditions. Through further
exposure to hydrogen, it undergoes a second, reversible, phase
change into yttrium trihydride (YH3, Figure 1b), a transparent
semiconductor with a hcp structure. However, it is important to
note that under normal hydrogen partial pressures (i.e., less than
1 bar near room temperature) full stoichiometric YH3 cannot be
realized,27 and the ﬁnal state of the system reaches only YH3−δ,
where δ is in the range of 0.1−0.3 (under very high pressure δ =
0.01 can be reached28). For simplicity, we will refer to this ﬁnal
state as yttrium trihydride (YH3).
The transition from YH2 to YH3 induces strong and reversible
changes in the dielectric properties that can be triggered at low
partial pressures of hydrogen. Even though yttrium hydride thin
ﬁlms exhibit a large hysteresis eﬀect,29 the ability to switch
reversibly (in the sense that after a full hysteresis loop it returns to
the original dihydride phase) from metal to a transparent
semiconductor upon hydrogen absorption makes yttrium an
attractive candidate for active plasmonic applications. Moreover,
due to the drastic change from metal to insulator, the plasmonic
response vanishes completely when the yttrium is in the

Figure 2. Extinction spectra of yttrium, YH2, and YH3 nanorods. The
metallic YH2 rods (red line) show a distinct particle plasmon resonance
at 1720 nm. In contrast, the YH3 rods (blue line) are almost transparent
in the same spectral region. The increased extinction in Y nanorods
(gray dotted line) toward lower wavelengths can be attributed to the tail
of a broad electronic transition in yttrium occurring at around 400 nm
which makes them unsuitable for plasmonic applications.

commercial Fourier transform infrared spectroscopy system
(Bruker FTIR) and an incident electric ﬁeld polarization parallel
to the rods. Here, the rods have dimensions of 385 × 160 nm and
a height of 50 nm yttrium plus 6 nm platinum.
Pure yttrium is a metal with a relatively low electrical
conductivity,31,32 and therefore Y nanoantennas do not exhibit
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a distinct plasmonic response in the visible and near-IR spectral
region (gray dotted line in Figure 2). The decrease in extinction
toward longer wavelengths can be attributed to the tail of a very
strong and broad electronic resonance at about 3.1 eV (400
nm).33 In contrast to Y, YH2 is a good metal with a markedly
diﬀerent atomic and electronic structure.26,34,35 To transform the
yttrium into YH2, we expose our sample to 4 vol % hydrogen in
nitrogen for 10 min. According to literature, this is more than
suﬃcient to reach the dihydride and even the trihydride state.36
However, the transition between Y and YH2 is nonreversible at
room temperature, whereas the second transition between YH2
and YH3 is fully reversible. Therefore the rods automatically
settle in the YH2 state after the hydrogen is turned oﬀ and
equilibrium is reached.
The red line in Figure 2 shows an extinction spectrum of such a
hydrogenated rod array in the YH2 state. The YH2 rods have a
clear extinction maximum at approximately 1720 nm that can be
attributed to a localized surface plasmon resonance. This YH2
state can be seen as the ground state of our switchable plasmonic
structure, because the system will not return to the unhydrided
state without extremely harsh and destructive measures such as
strong heating and ultrahigh vacuum. Therefore the yttrium
nanostructure can only be switched reversibly between the
dihydride and the trihydride phase. This is not a disadvantage as
there is a large contrast in extinction between YH2 and YH3 (see
Figure 2).
When continuously exposed to hydrogen (in this case 5 vol %
H2 in N2 at room temperature), the yttrium nanostructures
switch into the trihydride phase within seconds. This dramatic
change from a metal to a Mott insulator also leads to a drastic
change in the extinction spectrum. In fact, yttrium hydride is one
of the few strongly correlated systems with a continuous Mott−
Hubbard metal−insulator transition.37,38
The particle plasmon resonance fully vanishes, and the
extinction spectrum becomes almost ﬂat, as shown by the blue
line in Figure 2. This proves that it is possible to completely turn
oﬀ the plasmon resonance by introducing only small and safe
amounts of hydrogen into the system. The switching results in a
relative extinction change at the peak wavelength (1720 nm) of
almost 70%, which translates to an absolute change in
transmittance of 23% that can easily be observed by the naked
eye.
To incorporate yttrium nanostructures into switchable
plasmonic devices, the ability to tune the plasmon resonance
over a wide spectral range is needed. Here, the simplest approach
is to vary the length of the plasmonic nanorods while leaving
width and height constant.
Consequently, we fabricated yttrium rod arrays with a constant
width w of 160 nm and height h of 50 nm yttrium covered with 6
nm platinum, while varying the length from 290 to 385 nm.
Figure 3 shows the change of the plasmon resonance for
increasing rod length. For longer rods, we observe a higher
extinction as well as a red-shift of the resonance wavelength. The
increasing extinction can be attributed to the enhanced dipole
strength that is caused by the increase in nanoparticle volume. A
further contribution comes from the increased ﬁlling factor of the
arrays, since we keep the periodicity (px = 700 nm; py = 400 nm)
unchanged for all rod lengths. The red-shift of about 400 nm is a
clear indication of a particle plasmon resonance that is highly
correlated with particle dimension and shape. Especially, we ﬁnd
a linear relation between rod length l and plasmon resonance
wavelength λres, shown in the inset of Figure 3, which is in
excellent agreement with theoretical and experimental knowl-

Figure 3. YH2 extinction spectra for various rod lengths l and constant
width (w = 160 nm) and height (h = 50 nm), showing a red-shift and
increase in amplitude of the resonance for increasing rod lengths. The
inset shows the extracted particle plasmon peak positions (colored dots)
that scale linearly with rod length (λres = 4.2l + 115 nm), as indicated by
the black dashed line.

edge about plasmon resonances in metal nanoantennas.39,40 The
tuning range of our reconﬁgurable antennas is mainly limited at
lower wavelengths due to a broad electronic transition at around
400 nm. At longer wavelengths, the YH2 dielectric function
follows a Drude-like behavior and thus enables full tunability of
the plasmonic resonance.
To investigate the switching dynamics in our nanoantenna
system in more detail, we study the temporal behavior of the
extinction during hydrogen exposure. Figure 4 shows the H2
loading (Figure 4a, b) and the unloading process (Figure 4c, d) of
an yttrium rod array with rod parameters l = 290 nm, w = 160 nm,
hY = 50 nm, hPt = 6 nm, and a periodicity px,y = 400 nm, measured
at room temperature. We start in the YH2 phase and observe a
strong resonance at 1580 nm (red line, Figure 4a). After exposing
the system to hydrogen (5 vol % H2 in N2), the resonance
immediately ﬂattens and continuously approaches the YH3
spectrum where it saturates after approximately 50 s (blue
line). The spectra in Figure 4a show a typical set of FTIR
measurements recorded during hydrogen uptake with one
measurement every 4 s. In Figure 4b the extinction time trace
at 1580 nm (position of the YH2 plasmon resonance) is displayed
(green line), showing the almost instantaneous reaction to
hydrogen exposure. Within a few seconds, the extinction starts to
drop from 0.62 with an almost constant slope of 2% per second.
This large change together with the reasonable response time
makes the system well-suited for active plasmonic devices.
Moreover, the switching time from the dihydride to the
trihydride phase decreases monotonically with the hydrogen
pressure as shown in the Supporting Information and explained
by the diﬀusion model below.
Figure 4c shows the back reaction, moving from YH3 to YH2.
This takes approximately 3 h, which is signiﬁcantly slower than
the absorption reaction. There are several factors that lead to this
slow transition. The key reason is the reduced out-diﬀusion of
hydrogen due to the platinum cap layer and the oxidized
sidewalls of the nanoantennas.
To explain this asymmetry in the behavior of our system, we
developed an analytical one-dimensional diﬀusion model,
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Figure 4. In situ hydrogenation dynamics of the yttrium nanorods at room temperature. (a) Extinction spectra taken every 4 s during hydrogen
exposure. The phase transition from the metallic YH2 (red lines) to the dielectric YH3 (blue lines) can be clearly observed. (b) Full time trace of the
measured extinction at a wavelength of 1580 nm. After 100 s the sample is exposed to 5 vol % hydrogen in nitrogen at constant pressure of 1 bar. The
system almost instantly reacts and switches to the dielectric YH3 state. The phase transition is completed within less than 50 s. The black dashed line
shows the ﬁt to our diﬀusion model. (c) When turning oﬀ the hydrogen exposure the system relaxes back into the metallic YH2 state (orange line). (d)
Time trace of (c) renormalized to a range between 0 and 1 (named c for concentration) and then plotted as time versus c − ln c − 1 (orange line). The
resulting straight line demonstrates the validity of our analytical diﬀusion model. The slope (5100 s) of the best ﬁt straight line (black dashed line) yields
the ﬁtting parameter τ/f (see eq 7).

following the ideas of Pasturel et al.41 The assumption of a 1D
system is valid, since the oxidized side walls of the nanorods
channel the hydrogen ﬂow through the platinum cap layer in and
out of the yttrium-hydride nanostructures. The model
incorporates the diﬀusion of atomic hydrogen through the
caplayer and into the Y nanoantenna. Soon after exposition to
hydrogen gas at pressure pH2, a stationary state is established with
a linear concentration gradient in the caplayer. The H current
through the caplayer is then equal to the diﬀusion current into
the Y antennas, and we have
jdiffusion =

DPt cs − c i
L dc
= Y Y
VPt L Pt
VY dt

the Pt layer are cs at the surface and ci at the Pt−Y interface. The
H concentration in Y is cY. Using the fact that the chemical
potential of H in the sample is continuous everywhere, we derive
the following relations between cs, ci, cY, and the hydrogen
loading pressure pH2.
cs = g pH2

and

ci = f

cY
1 − cY

(2)

with
⎛ ΔHPt + (1/2)TSH2 ⎞
g = exp⎜ −
⎟
⎝
⎠
RT
⎛ ΔHY − ΔHPt ⎞
⎟
f = exp⎜
⎝
⎠
RT

(1)

where LPt is the thickness of the Pt cap layer, DPt the diﬀusion
coeﬃcient of H in Pt, LY the thickness of Y, and VPt and VY the
molar volumes of Pt and Y, respectively. The H concentrations in
1143
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where ΔHPt and ΔHY are the enthalpy of hydrogen absorption in
Pt and Y, respectively, and SH2 is the entropy of gaseous H2 at
1 bar.
Combining eqs 1 and 2, we obtain a diﬀerential equation for
the hydrogen concentration cY:
dc Y
cY ⎞
m⎛
= ⎜g p − f
⎟
τ⎝
dt
1 − cY ⎠

ci = f according to eq 2. During unloading the driving gradient is
cs − ci = −ci = −f as the surface concentration is at best 0. During
loading, however, relatively large values of the surface
concentration can be set up so that cs − f ≫ f. For metals with
a low solubility f is very small (for Pt, f = 2 × 10−9, see above), and
cs ≫ 2f is already satisﬁed at relatively low pressures (in our case,
certainly for p > 0.01 bar).
In summary, we can say that the asymmetry between the
loading and unloading times can be explained by the high (and in
this case even positive) solution enthalpy of platinum. Since this
enthalpy depends on the nanoscale structure and thickness of the
platinum, it will be of interest to conduct further studies on the
optimal thickness and material of the capping layer to obtain
shorter switching times without interfering with the plasmonic
properties of the system. Even without such optimizations, both
the diﬀusion limited absorption and the desorption processes can
be accelerated by heating the sample.
Good agreement between experimental results and theoretical/numerical predictions is crucial for the eﬃcient and robust
design of switchable devices. To verify this for our yttrium
nanoantenna system, we perform numerical simulations of the
optical response using a commercial FEM solver (CST
Microwave Studio). The optical constants of yttrium and the
diﬀerent hydrides are taken from literature.31,45 Here, the
dielectric functions of YH1.8 and YH2.9 from ref 25 provide the
closest match to the yttrium hydride states that were investigated
in our measurements and identiﬁed as YH2 and YH 3,
respectively. The numerical results for such YH1.8 and YH2.9
nanorod arrays are presented in the Supporting Information
(Figure S2).
Whereas the YH2.9 results are in good agreement with the
measured data (almost ﬂat response), the YH1.8 spectra require
closer attention. Figure 5 shows the numerical results for an
YH1.8 (50 nm) + Pt (6 nm) nanorod array on a fused silica
substrate as a green dotted line. In this simulation we use the
complex dielectric function of YH1.8 from Van Gogh et al.,31 and
Pt from Weaver,46 respectively. The rods are assumed to have
dimensions of 380 × 160 × 56 nm and periodicities of 700 × 400
nm in accordance with SEM measurements on the fabricated
structures. The measured spectrum is shown as a solid black line
in Figure 5. Comparing the black solid and green dotted line, we
can observe signiﬁcant diﬀerences. The numerical extinction
peak is much narrower, higher in amplitude, and red-shifted
compared to the measured one.
Since both experiment and simulation return absolute values
for the extinction, the reason for the signiﬁcant quantitative
deviation has to be found in the modeling of the simulated
nanorod system itself.
One major deviation between the model and the experimental
system is the yttrium oxide (Y2O3) layer that forms at all yttrium
surfaces that are not protected from oxygen. This layer has a
thickness of a few nanometers26,32 and forms at the side walls of
the yttrium rods that are not protected by either the substrate or
the platinum cover layer. If we assume an oxide thickness of 3 nm
and replace the outermost 3 nm in our model’s sidewalls with
dielectric Y2O3 using a constant refractive index47 of n = 1.93, we
obtain the dashed green line in Figure 5. Even though the
discrepancy between simulation and experiment is slightly
reduced, there is still a key ingredient missing to match the
experimental data.
In our previous calculations, we have used a dielectric function
of YH2 measured on extended thin ﬁlms with thicknesses in the
300 nm range, prepared and characterized under ultrahigh

(4)

where τ = LPtLY/DPt and m = VY/VPt = 19.88/9.09 = 2.19 is the
ratio between the molar volumes of Y and Pt. In the case of
hydrogen loading eq 4 can be solved and approximated by a
straight line for suﬃciently low concentrations cY, leading to
mg
c Y (t ) ≅
pH2 × t
(5)
τ
The measured loading curve in Figure 4c resembles this linear
behavior very well and by normalizing the measured extinction
values to the interval [0,1], one ﬁnds mg(pH2)1/2/τ = 1/46 and,
since pH2 = 0.05 bar during loading, mg/τ = 0.097/bar.
During unloading of the antennas in vacuum, that is, at pH2 = 0,
we have

⎞
dc Y
mf ⎛ c
=− ⎜ Y ⎟
τ ⎝ 1 − cY ⎠
dt

(6)

which is readily integrated to
t=

⎛ c ⎞⎞
τ ⎛
⎜⎜c Y − c∞ + ln⎜ ∞ ⎟⎟⎟
mf ⎝
⎝ c Y ⎠⎠

(7)

Under the chosen experimental conditions we expect c∞ to be
close to unity. A plot of time versus cY − 1 − ln cY should thus be a
straight line with slope τ/(mf). This is indeed the case. Figure 4d
shows the measured unloading data from Figure 4c normalized
to the range from 1 to 0 (orange line) plotted in this way. The
measured data points follow a straight line with slope τ/(mf) =
5100 s. Deviations at higher times (for c close to 0) are merely
due to noise in the measurement data. The excellent agreement
between model and experimental data for both hydrogen loading
and unloading strongly supports the validity of the assumptions
made in its derivation. For m = 2.19, we ﬁnd f/τ = 9 × 10−5 s−1.
With DPt = 3 × 10−7 cm2/s derived from an extrapolation of
Katsuta and McLellan diﬀusity data42 to room temperature, we
ﬁnd τ = LPtLY/DPt = 1 × 10−5 s and thus f = 9 × 10−10. From the
deﬁnition of f and ΔHY ≅ −40 kJ/mol H from Van Gogh et al.31
we ﬁnd ΔHPt ≅ +8 kJ/mol H for the enthalpy of hydrogen
solution for the platinum layer. This value is smaller than ΔHPt ≅
+35 kJ/mol H for bulk Pt.43 This might be due to partial alloying
of Pt with the underlying Y (the enthalpy of, for example, a Y−Pt
alloy is very negative,44 −247 kJ/mol) and to surface roughness
of the thin (LPt = 6 nm) caplayer. One should also realize that
large lattice expansions occurred during the initial loading of the
antenna from pure Y to dihydride YH2.
By carrying out loading experiments at 0.05, 0.1, and 0.2 bar
hydrogen pressure with a diﬀerent sample we found that (dcY/
dt)/(pH21/2) remains constant (see the Supporting Information),
which is in agreement with eq 5.
At this point the reader might wonder whether the large
asymmetry between loading and unloading times is due to a
particular choice of parameters. It is in fact easy to show that it is a
robust property only related to the low solubility of H in the cap
layer. From eq 1 follows that the H particle current is
proportional to cs − ci. At half loading, that is, when cY = 0.5,
1144
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the other parameters. Increasing the damping constant by a
factor of 3 from γfe = 2.4 × 1014 s−1 to γ*fe = 7.2 × 1014 s−1 is
reasonable, since the nanofabrication process strongly alters the
structure of the yttrium compared to yttrium ﬁlms used for
ellipsometry measurements in literature.
With all inﬂuences included (platinum cover, yttrium oxide
layer, enhanced intrinsic damping), we obtain excellent agreement with the measured data, as exempliﬁed by the red line in
Figure 5, verifying the hypothesis of an increased intrinsic
damping in our samples.
In conclusion, we have shown that yttrium nanostructures
oﬀer an exciting new pathway for the design of active plasmonic
devices by utilizing hydrogen-induced metal insulator transitions.
We have demonstrated that YH2 nanorods exhibit a pronounced
particle plasmon resonance in the NIR which can be tuned over a
wide spectral range. This resonance can be switched oﬀ within
several seconds by introducing hydrogen into the system that
transforms the nanorods into dielectric YH3. After the hydrogen
exposure is stopped, the plasmonic resonance slowly returns to
its original form, demonstrating the full reversibility of the
transition. In addition, we found a way to model this diﬀusion
process analytically and gain knowledge about the thermodynamic quantities of our system. This gives us the ability to further
improve the material system in the future on the road to a fast and
reliable switching device. Therefore we also modeled the
dielectric properties and the plasmonic behavior of our YH2
nanoantennas. These results provide a powerful tool to predict
the behavior of any yttrium based plasmonic nanodevice and
even allow us to make quantitative predictions about the
resonance width and position of more complex structures.
In the future, yttrium nanostructures can form a crucial
building block in the realization of a variety of plasmonic
switching schemes. Possible applications include switchable
plasmonic EIT49 or switchable perfect absorber devices50 where
the hydrogen concentration can be adjusted by adjusting the
voltage in a simple electrochemical cell setup.51 Furthermore, the
system can be used as a hydrogen detector through monitoring
the slope of YH2 to YH3 phase transition or to locally control
chemical processes that require a certain activation energy. This
energy can be provided by the enhanced local electric ﬁeld
generated by the plasmonic resonance, depending on the
surrounding hydrogen concentration. Due to its high refractive
index, YH3 could even act as high-index nanophotonic material
(n ≈ 2.8 at 600 nm31,52) which supports electric and magnetic
Mie resonances53,54 that can be switched on and oﬀ using
hydrogen. Other transition metals such as vanadium55 or
scandium, or transition metal alloys like Mg−Y, Mg−La, Mg−
Sc, and Mg−Gd may provide even faster response.56−59
Complete blackness and thus highest switching contrast could
be expected using nickel metal hydrides (such as Mg2MeHx, with
Me = Ni, Co, Fe).60 Finally, studies of the Mott−Hubbard metalto-insulator phase transition in rare earth and lanthanide hydride
nanostructures as a function of structure size, morphology, and
so forth, will enable a whole family of intriguing experiments.

Figure 5. Comparison of the experiment to FEM simulations of the
yttrium rod system. The black line shows the experimental spectrum of
an YH2 nanorod array with parameters l = 380 nm;w = 160 nm; hYH2 =
50 nm; hPt = 6 nm. The green lines show simulated data for the same
system using tabulated dielectric data. However, the simulated spectra
for YH2 rods with a platinum cover (green dotted line) show a
resonance, which is much narrower and slightly red-shifted compared to
the experimental data. This mismatch cannot be compensated by simply
introducing a surrounding yttrium oxide shell (dashed green line) into
the simulation. Only an additional increase of the free electron damping
γfe in the YH2 dielectric function by a factor of 3 is able the reproduce the
experimental data fully (red line).

vacuum conditions.31 In comparison, our nanostructuring
process (PMMA masking, electron-beam assisted evaporation)
can introduce impurities and defects into our nanorod system.
Combined with the higher reactivity of yttrium and its desire
to form yttrium oxide, this leads to a deterioration of the
plasmonic properties. This eﬀect becomes especially pronounced
when moving from extended ﬁlms to nanoparticle structures.
One way of measuring the impact of the nanostructuring on the
yttrium dielectric function quantitatively would be to perform
ellipsometry on such a nanorod array. However, this is not
feasible due to the low reﬂectance of the arrays at glancing angles.
In general, surface modiﬁcations as well as impurities in a
plasmonic material lead to a decreased free electron lifetime τfe
compared to the ﬁlm that was used in ref 25 and therefore an
enhanced free electron damping γfe = (1/τfe) in our system.
To modify the dielectric function of yttrium dihydride with
this assumption, we ﬁrst ﬁt a Drude model together with a
harmonic oscillator to the YH2 dielectric data following the
approach of Gartz and Quinten for unhydrided yttrium.48 This
model (more detailed discussion in the Supporting Information,
Figure S3) yields the free electron damping γfe, the plasma
frequency ωp, the oscillator strength Soz, and the oscillator
frequency and damping ωoz, γoz as ﬁtting parameters. However,
in the near-infrared region (NIR) where our particle plasmon
resonance is located, the YH2 can be seen as an almost perfect
Drude metal with a dielectric function ε(ω) which is mostly
governed by the free electron damping γfe and the plasma
frequency ωp. Therefore, we can safely ignore the oscillator part
of the model in our discussion.
If we now want to incorporate the previously discussed
impurities and defects into our simulation, we can increase the
free electron damping in the dielectric function without changing
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