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Abstract
In this work a systematic comparison of DC electrical conductivity and IR
optical properties of thin films of (Rx R′

1−x NiO3), where R′ = Nd and R = Sm
or Eu, is performed. Independently of the nature of R, it is confirmed that
the metal–insulator transition temperature (TMI) in Rx R′

1−x NiO3 as well as in
RNiO3 is driven by the mean lattice distortion quantified by the tolerance factor
of the perovskite. The internal chemical pressure decrease due to substitution
of Nd by another rare earth element with smaller cationic radius gives rise to
an increasing resistivity in the metallic state together with a decrease of the
screening effect in the IR reflectance. We suggest this is due to a modification
of the free electron properties at the Fermi level and of the Fermi surface
properties consistent with photoemission literature data. On the other hand,
similar transmittance spectra for various systems are reported in the insulating
state. A systematic temperature independent drop of the transmittance above
0.6 eV is found for each system whatever the value of TMI.

1. Introduction

Due to its metal–insulator transition and thermochromic properties, the rare earth nickelate
perovskite RNiO3 has received a great deal of attention for the last ten years [1]. Such
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unusual electronic and optical features are all the more interesting since the metal–insulator
transition temperature (TMI) can be tuned by changing the R cation: LaNiO3 is metallic
while PrNiO3, NdNiO3, SmNiO3 and EuNiO3 undergo an MI transition at 130, 200, 400
and 460 K respectively [2]. Solid solutions of various rare earth nickelates allow also the
control of the metal insulator temperature [3–5]. It has been shown that the MIT is closely
related to the structure distortion and in particular to the arrangement of NiO6 octahedra. This
distortion modifies the super-exchange angle Ni–O–Ni and the Ni–O bond length which drive
the overlapping of the O(2p) and Ni(3d) band and therefore control the closing and opening
of the charge transfer gap [6]. In the RNiO3 family, when the R cation radius decreases,
the MIT is not only shifted towards higher values but it appears systematically that the
resistivity also increases over the whole temperature range [2]. In the Smx Nd1−x NiO3 [4] and
Eux La1−x NiO3 [7] systems, when the rare earth radius decreases, TMI increases consistently
with the decrease of the Goldschmidt factor, and there is also an overall shift of the resistivity
towards higher values over the whole temperature range. This is probably due to a shift of free
carriers properties (concentration, Fermi velocity) (for the metallic state at least) connected to
a change of the O(2p)/Ni(3d) band overlapping driven by various perovskite distortions. No
minimum of the metallic conductivity of Smx Nd1−x NiO3 at x ∼ 0.5, as observed by Gire et al
[8] (entropic effect), was reported by Ambrosini and Hamet [4]. It has been suggested that
changing the rare earth cation acts as internal chemical pressure (increasing internal pressure
by substituting the rare earth cation with another one of larger ionic radius) which can lead,
as for the isostatic pressure experiment [9], to a tunability of the metal–insulator transition
temperature [10, 11]. Obradors et al [9] reported on a decrease of TMI upon increasing isostatic
pressure but with remaining metallic properties of PrNiO3 and NdNiO3 (same magnitude
and thermal dependence of the electrical resistivity). Canfield et al [10] observed the same
phenomena with only a slight decrease of the metallic resistivity upon elevating external
pressure. The effect of the external pressure was directly correlated to the variation of the
tolerance factor: an increasing pressure increases the tolerance factor and decreases TMI. But,
as pointed out by Medarde et al [11], the analogy is not simple since controversial conclusions
are proposed by Canfield et al and Obradors et al who respectively found a negative [10] and
positive [9] value for the pressure dependence of the tilt angle w (∂w/∂ Pext). A more recent
structural investigation of Medarde et al [11] has revealed clear difference between internal
and external pressure and in particular underlined that in the internal pressure mechanism
the angle tilting is the most affected parameter compared to the variation of the Ni–O bond
length. To probe and better understand the electrical and optical properties upon varying the
chemical composition and the internal chemical pressure, we have performed our study on
various solid solution compounds. We have classified our solid solutions according to their
degree of departure from the perfect cubic perovskite (tolerance factor). This tolerance factor
was the only parameter.

2. Experiment

Two chemical systems (SmxNd1−x NiO3 and Eux Nd1−x NiO3) with compositions correspond-
ing to three different tolerance factors for each have been synthesized. For each tolerance
factor, the rare earth ratio (Nd/Sm and Nd/Eu) was chosen in order to give comparable dis-
tortions assuming, as a first hypothesis, that a mixing rule could be applied for structural
distortion. The distortion from the cubic cell was estimated using the Goldschmidt toler-
ance factor for oxides [12]. In this approach, considering the ABO3 perovskite, a cubic
cell is observed when dA−O = dB−O

√
2. This is the case for example for SrTiO3 where

the ionic radii of Sr and Ti match perfectly to give a regular array of octahedrons. When
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Table 1. TMI was determined either when the slope of ρ changes its sign—TMI(ii) at
d(ρ)/dT = 0—or at the inflexion point of the resistivity—TMI (i); h and c mean in the heating and in
the cooling regime. Column 5 corresponds to the width of the hysteresis loop—TMI(i)h − TMI(i)c.
The mixing rule TMI = xTMI(RNiO3) + (1 − x)TMI(R′NiO3) was assumed to calculate TMI. Q is
the metallic quality factor (see the text).

TMI(i)c/ TMI(i)h– TMI TMI

TMI(i)h TMI(ii) TMI(i)c calcu- IR trans- Eg Q (K−1)
elect. elect. elect. lation: mission (eV) at
cond. cond. cond. see the minimum ±0.02 T0 330 K

t Composition (K) (K) (K) text (K) (K) eV (K) (×10−3)

0.9711 NdNiO3 156/196 210 40 3.5 [27]
0.9697 Sm0.2Nd0.8NiO3 197/207 250 10 240 250 0.078 7.07 × 106 2.24 ± 0.3

Eu0.15Nd0.85NiO3 202/211 254 9 247 245 0.07 7.78 × 106 0.78 ± 0.3
0.9684 Sm0.37Nd0.63NiO3 255/262 307 7 280 300 0.074 2.04 × 107 1.29 ± 0.2

Eu0.3Nd0.7NiO3 264/268 320 4 285 300 0.054 1.43 × 104 0.97 ± 0.2
0.9677 Sm0.5Nd0.5NiO3 285 343 0 305 325 0.054 3.87 × 105 1.98 ± 0.3

Eu0.38Nd0.62NiO3 277 343 0 305 325 0.05 9.8 × 104 0.51 ± 0.3

dA−O �= dB−O

√
2 the distortion is quantified by the tolerance factor t = dR−O

dNi−O

√
2

(for cubic

structure t = 1). Values of t = 0.9711, 0.9642, and 0.9620 respectively were calculated for
NdNiO3, SmNiO3, and EuNiO3 using data from [13–15] for the Ni–O and R–O length. The
mixing rule for the determination of the tolerance factor for the solid solutions is for example
t (Sm0.2Nd0.8NiO3) = (0.2t (SmNiO3) + 0.8t (NdNiO3)). Compositions and tolerance factors
are shown in table 1. We have chosen compositions which correspond to systems exhibiting
the same transition temperature for the metal–insulator transition and for the antiferromag-
netic ordering (TMI ∼ TN). This allows us to exclude the magnetic ordering as an additional
parameter.

Thin films were grown by sputtering from an oxide ceramic target onto the single-crystal
substrate of undoped Si{100} with both sides polished. The substrate temperature was fixed
at 600 ◦C, the deposition time at 30 min and the film thickness at approximately 150 nm. The
films were annealed for 2 days at 820 ◦C under an oxygen pressure of 210 bar (see [3] for
more details). Laffez et al showed [16] that the annealing conditions—800 ◦C and 2 days—
after sputtering are enough to produce a textured perovkite phase NdNiO3 and the film shows
only a minor NiO phase (x-ray diffraction). TEM measurements confirm the results of the
x-ray diffraction and show well crystallized domains. Therefore the synthesis conditions are
not necessarily as drastic as for the bulk. The used temperature and pressure represent an
upper limit, above which we observe the growth of a SiO2 interlayer between the substrate
and the film. This interlayer, which takes it origin in the oxidation of the Si substrate, could
generate impurities or desegregate the film, and forms the critical step of the process. The
chemical stoichiometry of the deposited material was checked by energy dispersive x-ray
analysis (EDX) using a LINK EDX spectrometer coupled with a SEM microscope. Details
of the experimental conditions can be found in [17]. X-ray diffraction was performed before
and after annealing, using Cu Kα in an X-Pert Philips diffractometer. The pseudo-cubic
out-of-plane lattice parameter of the solid solutions (Sm0.5Nd0.5NiO3, Eu0.3Nd0.7NiO3) was
determined directly by studying the thermal displacement of the (004) Bragg peak. The DC
electrical resistance was measured with the four-probe method scanning temperature from 20
to 380 K using Quantum Design equipment. Cooling and heating regimes were studied. IR
spectra were recorded by a Bruker IFS 66 spectrometer with DTGS detector in the frequency
range 400–7000 cm−1 (1.42–25 µm). Only the heating regime was studied.
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(a)

(b)

Figure 1. (a) Room temperature x-ray diffraction pattern for Nd0.62Eu0.38NiO3 and
Nd0.5Sm0.5NiO3 (t = 0.9677) thin films. Indexation refers to an orthorhombic cell Pbnm with
average a = √

2ap, b = √
2ap, and c = 2ap. The average pseudocubic parameter ap is 3.79 Å for

all Rx R′
1−x NiO3 compounds. (b) Thermal variation of the pseudo-cubic out-of-plane parameter of

Nd0.5Sm0.5NiO3 and Nd0.7Eu0.3NiO3 determined by the (004) Bragg peak position.

3. Results

3.1. X-ray diffraction

The x-ray diffraction patterns of the perovskite films with a small tolerance factor are shown
in figure 1(a). In each film the structure was found to be consistent with a perovskite cell
and reveals a strong orientation along the pseudo-cubic [100] axis of the perovskite subcell as
previously reported for NdNiO3. The Rx R′

1−x NiO3 compounds are well crystallized although
we observe a decrease of the peak intensity and the appearance of additional peaks due
to disorientation when t decreases. X-ray diffraction experiments versus temperature have
confirmed the structural change at TMI, (figure 1(b)). The evolution of the average unit cell
volume was found to be consistent with the evolution of the composition.

3.2. Resistivity versus temperature

The electrical resistivity displayed in figure 2(a) is characteristic for rare earth nickelates [1–6].
TMI was determined either at inflexion point of the resistivity—TMI(i) or when the slope of
ρ changes its sign—TMI(ii) at d(ρ)/dT = 0; h and c mean in the heating and in the cooling
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Figure 2. (a) Electrical resistivity, (b) IR transmission and (c) reflection at 0.11 eV respectively.
For each figure, the diamond refers to Nd1−x Eux NiO3 and Nd1−x Smx NiO3 solid solutions. The
systems exhibiting same tolerance factor are indicated by the black circle.
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Figure 3. Thermal variation of the metal–insulator transition determined from figure 2(a). For
IR transmission TMI is determined at the minimum value of transmission. For the electrical
conductivity it corresponds to (d(ρ)/dT )T =TMI = 0.

(This figure is in colour only in the electronic version)

regime. TMI increases linearly when the tolerance factor decreases (figure 3). The experimental
value of TMI(ii) is in good agreement with the value of TMI calculated by a linear mixing rule:
TMI(ii) = xTMI(ii)(RNiO3) + (1 − x)TMI(ii)(R′NiO3) (table 1 and figure 3), even if a departure
from this empirical law is observed when the distortion increases. This is a good demonstration
that the TMI depends less on the chemical nature of the solid solution than on the mean distortion
factor t of the perovskite. The steric effect drives the MIT of these solid solutions as already
seen on pure RNiO3 compounds [6]. The size distribution of the NiO6 octahedra induced by
changing the structural disorder for various solid solutions seems to be of negligible importance
compared to the mean distortion. As already reported in the literature [4, 18], with increasing
distortion the MIT is less abrupt and the width of the hysteresis loop decreases (table 1).
Moreover, in agreement with the results for Smx Nd1−x NiO3, and EuxLa1−x NiO3 [7, 5] and
pure RNiO3 compounds [2], an increase of the electrical resistance of the metallic state over
the whole temperature range (20–380 K) is evidenced when t decreases, although the film
with the composition Sm0.37Nd0.63NiO3 exhibits a deviation from this behaviour (this could
be due to the presence of minor traces of impurities which are found in sample; see figure 1
in reference [3]). Finally, in the insulating state, only a slight increase of the resistivity was
observed when the tolerance factor decreased.

3.3. Infrared optical properties

Figure 4 shows the infrared (IR) reflectance in the range (0–0.9 eV). The screening effect
which corresponds to the increase of density of charge carriers in the low energy spectrum
(i.e. the well known spectral weight transfer in the IR range during MIT [19]) is well evidenced.
The reflectance IR spectra exhibit several peaks which are either associated with SiO2 or IR
active modes of the perovskite. A large SiO2 band appears at 135 meV.6 For small energy, the
film presents two absorption bands dominated by the antisymmetric T1u stretching ν(Ni–O)

and deformation δ(Ni–O) modes of the perovskite NiO6 octahedra [20–22]. In agreement

6 A simulated spectrum of a thin film (∼150 nm) deposited on SiO2 substrate shows an inversion of the SiO2
band—135 meV. This behaviour is due to interference between the film and the SiO2 interface.
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Figure 4. Thermal variation of the IR reflectance: (a) NdNiO3, (b) Nd0.7Eu0.3NiO3,
(c) Nd0.5Sm0.5NiO3. The inset of (b) shows the low energy spectrum with peaks of the interlayer
SiO2 and IR active vibration modes of the perovskite.
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with previous studies, the temperature dependence of reflectance only appears in the energy
range of 0/∼0.4 eV [19]. The cut-off value of about 0.4 eV is independent of the transition
temperature. This change of the IR reflectance is also accompanied by a drastic variation of
the IR transmittance as displayed in figure 5. Absorption bands at 76, 92, 100 and 135 meV
are attributed to the SiO2 interlayer [17] (interface film/substrate and non-deposited surface;
see the inset in figure 5). For higher wavelengths the film presents two absorption bands
attributed, as well as in reflectance spectra, to the IR active modes ν(Ni–O)—69 meV—and
δ(Ni–O)—56 meV. For our compositions RR′NiO3 (i.e. whatever the transition temperature)
the temperature sensitive IR transmission is observed only below 0.6 eV which strongly
suggests that no thermochromic properties above 0.6 eV can occur. It is important to note
that the shapes of the transmission spectra for the insulating state are very similar whatever
the sample, even if the MIT occurs at different temperature. Because of the Si and SiO2

contributions to the IR transmittance and reflectance, any suitable phonon studies were not
carried out, nor absorption determination as shown in the literature [23–25]. Nevertheless, the
thermal variation of transmittance and reflectance was measured separately at 0.11 eV where
IR active phonon absorption of the thin film and absorption by the native SiO2 inter-layer
(NdNiO3/SiO2/Si) are negligible. The drop of these optical transmittance and reflectance
(measured at 0.11 eV, figures 2(b) and (c)) occurs at increasing temperature as the tolerance
factor decreases, consistently with the MIT detected by the electrical conductivity experiments.
The temperature at the minimum value of the transmission is compared with that of electrical
conductivity (figure 3).

4. Discussion

4.1. Metallic state

The analysis of the electrical resistance and optical properties reveal that with increasing
distortion the electrical resistivity in the metallic state becomes higher. Several parameters can
be involved for the increase of resistivity: (i) a decrease in the number of free carriers when the
distortion increases; (ii) an electron scattering magnitude increase upon increasing distortion;
(iii) a change of the Fermi velocity; (iv) a change of the Fermi surface topology. A variation
of the effective mass could also be evocated. In order to compare, at least, the scattering
mechanisms in each sample, the quality factor of the metallic state has been determined. The
quantum model of conduction in a single band has been adopted [26] where we consider the
DC electrical conductivity driven by the mean scattering rate at Fermi level (we consider a
�k-independent scattering time as a first approximation) and by the properties of the Fermi
surface as follows (equation (1)).

σ0 = e2τ (EF)

∫
d�kF

4π3

V 2(�kF)

3
δ(E − EF) (1)

where σ0, V (�kF), τ (EF) and δ(E − EF) are the DC electrical conductivity, the Fermi velocity,
the mean scattering time at Fermi level and the Dirac function. This relation leads to the Drude-
like relation for a spherical shape of the Fermi surface.7 Two kinds of scattering mechanisms,
one due to the thermal phonons of the lattice ( 1

τL
≈ kT

	
) and the second due to the defects

7 If we consider the Fermi surface as a sphere with an isotropic Fermi velocity, equation (1) leads to the Drude-like

formula σ0 = e2τ (EF)
∫

SF
d�kF
4π3

V 2(�kF )
3 δ(E − EF) = e2 τ (EF)

m∗
k3

F
3π2 = e2τ (EF)Ne

m∗ , where Ne = 2 × 4
3 πk3

F
8π3 and VF = h̄kF

m∗ ,

with Ne , τ (EF) and m∗ the volumic concentration of the total free electrons within the Fermi sphere, the mean
scattering time between two collisions of carriers at Fermi level and the effective mass of carriers, respectively.
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Figure 5. Thermal variation of the IR transmittance: (a) spectrum of Nd0.7Eu0.3NiO3 and that of
the interlayer and the substrate Si/SiO2 (the inset shows the low energy spectrum with peaks of the
interlayer SiO2 and IR active vibration modes of the perovskite); ((b), (c)) comparison between the
transmittance spectra of the system Nd1−x Eux NiO3(Nd1−x Smx NiO3) at room and liquid nitrogen
temperature.
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τd, are considered. According to the Matthiessen rule (we consider here that the two kinds of
scattering phenomena are non-interacting), the total scattering time is then

1

τ (EF)

∼= 1

τd
+

1

τL
. (2)

Then, the quality factor becomes

Q = 1

ρ0

dρ0

dT
= k

	
τd

+ kT
. (3)

That quality factor depends only on the ratio of the mean scattering characteristic times. For
each system, that Q-factor is displayed in table 1. The value of the Q-factor of NdNiO3 bulk
given by Catalan et al [27] is also provided in the table. It appears that Q factors are a bit
smaller than the NdNiO3 bulk one. Within each system (Nd1−x Smx NiO3 or Nd1−x Eux NiO3)
no large variation is observed when changing the tolerance factor. Within a given system, this
means that the ratio of the scattering times does not change too much when the tolerance factor
changes, in the range investigated at least. Then if we consider that the unchanged value 	

τd
is

due to unchanged τL and τd, this means that the increase of the resistivity is then essentially
driven by a decrease of the Fermi velocity and/or the Fermi surface. As a consequence, the
change of the tolerance factor might have an influence on the electronic band structure at Fermi
level and the dynamics at Fermi level, contrary to the effect of the high isostatic external pressure
as reported in the experiments of Obradors et al [9]. It also has to be mentioned that quality
factor of the solid solution Nd1−x EuxNiO3 is always smaller than that of Nd1−x Smx NiO3. It is
not easy to explain that difference and to precisely know which of the scattering mechanisms
is more important in the samarium system compared to the europium system because we have
only the ratio between the thermal phonon scattering and the defect scattering.

Furthermore, the screening effect observed above the MIT (figures 2(c) and 4) in the low
energy spectrum due to nearly free carriers appears to be in qualitative agreement with the
Hagen–Rubens relation approach (figure 2(c)):

R(ω) = 1 − 2

√
2ωε0

σ0
(4)

where R(ω) is the spectral reflectance at normal angle incidence as a function of the frequency
ω. The change of the electrical resistivity when t varies is indeed directly correlated to the
change of the reflectivity.

Then, it provides new information about the effect of internal pressure, as discussed in the
literature [9–11, 28]. While isostatic external pressure conserves the metallic properties, we
observe that by tuning the internal chemical pressure TMI not only decreases with increasing
tolerance factor but the Fermi surface and the dynamics at EF might change: an increase of
the Fermi surface and the Fermi velocity could occur. For an increase of the TMI of 100 K, the
metallic resistivity is divided by ∼2.5. This result is in agreement with recent photoemission
studies where a slight increase of the number of electrons at Fermi level was evidenced when x
decreases in the solid solution compound Smx Nd1−x NiO3 [29]. Nevertheless, above the MIT,
the ratio between the number of electrons per volume at the Fermi level of the compounds
x = 0 and 0.4 is close to 1.15 while we have a ratio of ∼2.5 for the conductivity for x = 0.2
and 0.5 respectively.

4.2. Insulating state

In the low temperature region the thermal variation of transmittance shows a slight
increase for more distorted structures except for the compound Sm0.5Nd0.5NiO3. For the
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Figure 6. Energy dependence of the
drop of the transmittance.

reflectance, smaller differences are reported compared to the high temperature regime (see
figure 4). The variation of transmittance originates from differences in the electronic
band structure of the insulating state. From the DC electrical conductivity measurements,
we can get some information about these electronic band structures. In the case of the
nickelate family, the electronic transport properties have been described considering two
simultaneous contributions, namely the classical activated regime and the variable range
hopping (VRH) [27, 30, 31]. The first regime is commonly used to describe the electrical
properties of semiconductors (Si, Ge). The VRH is applied for amorphous semiconductors
(Si, Ge, Se–Si) [32] where localized states in the intra-gap region offer a new method of charge
transport. In that case, electronic drift is determined by phonon-induced tunnelling of electrons
between localized states in the intra-gap region near the Fermi level (figure 8). VRH electrical
transport is the main contribution at low temperature. Using equation (5) suggested by Catalan
et al [27] we have fitted the electrical conductivity. The semiconducting state is modelled as the
direct sum of two terms, one arising from VRH and another from normal activated conduction
with a constant activation energy Ea:

1/R = A exp(−Ea/T ) + B exp(−(T0/T )1/4) (5)

where A, Ea, B and T0 are fitted parameters.
In the fitting procedure, we have checked that the VRH contribution did contribute

mainly to the electrical conductivity at low temperature. Independently of the chemical
composition, Ea shows only a slight variation—between 0.05 and 0.07 eV (table 1). According
to the classical conduction theory of semi-conductor conduction, and neglecting the migration
activation energy in Ea, this would lead to a gap of Eg = 2Ea ∼ 0.1–0.14 eV. These values are
in agreement with those found in the literature [1, 3, 19, 30]. The T0 values are displayed in
table 1. Large differences appear between these VRH temperatures. These VRH temperatures
are also large compared to that of Blasco et al [30] but of the same order as that of amorphous
and disordered semiconductors [32] where such high values are interpreted as a consequence
of extrinsic contribution to the total electrical conductivity. We cannot exclude extrinsic
contribution in our materials, but at the moment no chemical analysis of our samples has
been done to support doping by impurities.

Following the idea of internal chemical pressure (decrease of the Ni–O–Ni superexchange
angle upon increasing the structural distortion), a decrease of the gap should be expected
with increasing tolerance factor, which is not clearly observed here. That absence of clear
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Figure 7. Thermal variation of
the transmission spectrum of
Eu0.3Nd0.7NiO3. The tempera-
ture increases from the top (78 K:
TN2liq = liquid nitrogen temperature) to
the bottom (298 K = Troom temperature).
The dotted curve (a) represents the IR
spectra of NdNiO3 at liquid nitrogen
temperature.

Figure 8. Sketch of the electronic band structure in the insulating state including the gap and the
intra-gap states (VRH model).

distinguishable gap of 0.1–0.14 eV is also confirmed by the transmittance experiments. A
continuous decrease of the transmittance indeed occurs from ∼0.05 to 0.6 eV (figures 5, 6
and 7). This diffuse absorption tail is probably not connected to structural disorder induced
by the fluctuation of the NiO6 octahedron size, because a similar spectrum is observed for
the pure NdNiO3 compound. The broad absorption tail could be due to the existence of
several mechanisms of absorption in the energy range 0 to ∼0.6 eV, probably including the
contribution of localized states in the intra-gap region which might spread over a quite large
energy range in the intra-gap region giving rise to a gradual absorption edge from 0 to ∼0.6 eV.
This gradual absorption is consistent with a broad absorption edge tail like that observed
for NdNiO3 bulk in optical conductivity studies by Katsufuji et al [19]. There is indeed a
similarity between the optical conductivity tail in the range 0–0.6 eV and the one found in the
IR transmittance experiment. Furthermore, above ∼0.6 eV, it seems that the IR transmittance
of the solid solutions is nearly independent of the temperature (figure 5). This feature is
consistent with Okazaki et al [29], Vobornik et al [33] and Okazaki et al [34] who have shown,
by photoemission experiments, that the density of states located beyond 0.6/0.7 eV below
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the Fermi level does not change with varying temperature while the density of states included
between 0 and ∼0.6 eV exhibits variation above and below the transition temperature. The
present IR spectroscopy strongly supports the assumption that the electronic states involved
in the MIT are those included in the range 0–0.6 eV. But, in contrast to Okazaki et al [28, 33]
and Vobornik et al [32], we did not observe a spectral weight transfer from the range 0.7–0.3
towards 0.3–0 eV with increasing temperature. Nevertheless, the similar transmission spectra
for different compositions in the low energy region (specially for the family Nd1−x Eux NiO3),
despite the different TMI, are the most important characteristic of the RR′NiO3 thin films.
This indicates that the electronic band structures of the different compositions (i.e. different
structural distortion and then different Ni–O–Ni angle and Ni–O bond length) are very similar,
consistent with the observations of Okazaki et al [34] in the systems Nd1−x Eux NiO3 with
x � 0.4. This later observation leads us to suggest that it is not easy to connect the knowledge
of the low-energy electronic band structure at low temperature with the value of the metal–
insulator transition temperature because they are nearly the same for several systems. Nor is
it easily correlated to the gap as suggested in the literature [1] by the relation Eg ∝ kTMI. It is
certain that the spectral weight transfer towards the low energy region does not trigger at the
same temperature when changing the mean distortion. It looks as if the change of the internal
pressure does not affect the electronic band structure but only the triggering temperature at
which the transfer of electrons towards the Fermi level occurs. If the electronic structure is
nearly the same, one possibility to explain such different triggering is to consider the electron–
phonon interaction as the driving mechanism as already described in the literature [35, 36]. In
order to conclude on this phenomenon, further investigations are required. A systematic study
of the thermal dependence of the IR active modes is in progress to describe more precisely the
possible difference of phonon dynamics in solid solutions exhibiting the same mean perovskite
distortion (same tolerance factor).

5. Summary

In this work, six different thin films of the family Rx R′
1−x NiO3 have been synthesized with

three different structural departures from the cubic perovskite structure quantified by the
Goldschmidt factor t . For each value of t , two solid solutions were prepared. Electrical
measurements show that the metal–insulator transition temperature is in agreement with the
value calculated by the simple mixing rule TMI = xTMI(RNiO3) + (1 − x)TMI(R′NiO3) and
reveal that the nature of the rare earth metal is of negligible importance for our systems. For our
composition RR′NiO3, a thermochromic effect has been observed in the low energy spectrum
(<0.6 eV). It has been found that the screening effect of the metallic state decreases when
the distortion increases. This is consistent with a decrease of the electrical conductivity. The
analysis of the electrical resistivity and the quality factor of the metallic state indicates that
there is a change of the Fermi surface properties (VF, number of free electrons per volume):
the Fermi velocity (VF) as well as the value of the Fermi surface could increase for the less
distorted system. Moreover, no large difference between electron scattering times seems to
appear for the various solid solutions. In the low temperature regime, a systematic temperature
independent IR absorption is observed for all systems and independently of their TMI above
0.6 eV. Similar spectra are found in the range 0–0.6 eV. This common feature supports the idea
that the electronic structure does not vary too much between these systems, in this range of
energy at least, but the triggering of the spectral weight transfer towards low energy region is
on the other hand very different. It may be connected to an increase of the electron–phonon
interaction with decreasing internal chemical pressure. This point must be further clarified
with new experiments and phonon dynamics studies.
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