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The compression behaviour of La;NiO,4, s and Pr,NiO,4, s have been studied up to a pressure
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of 2.8 and 2.2 GPa respectively. Using neutron diffraction, the mechanism of compression, and

the behaviour of the NiOg and La/PrOg polyhedra in these layered perovskite materials have
been determined. Their compression mechanisms have then been compared to related materials
(Lap_xPryNiOy4, Pry_Nd;NiOy4, La, ,SryNiO4 and Pr,_,Ca,NiO,4) where the unit—cell volume has
been reduced by controlling the composition (x), which acts as an ‘effective chemical pressure’.
Understanding the effects of both has implications for materials design; pressure can be used to
finely tune a property, which theoretically may then be emulated using chemical doping.

1 Introduction

Perovskite-layered materials with the general formula X;NiO4
(where X= La, Pr, Nd) exhibit a number of interesting proper-
ties.l) For example La,NiO, shows a temperature driven semi-
conductor to metal transition“3. The range of properties of re-
lated materials means that they find applications in intermediate
temperature solid oxygen fuel cells (SOFC), as membranes for
oxygen separation, ceramic oxygen generators and mixed-ionic
electronic conductors.# The operational temperatures and effi-
ciencies of such properties may be tuned by composition.

The La,NiO,, 5 perovskite-layered material crystallises in the
K,NiF, tetragonal structure /4 /mmm (Figure[I)) and can be viewed
as perovskite like sheets of corner-shared octahedra which are
separated along the c-axis by rock-salt like layers.” The octahe-
dral sheets contain the six-coordinated Ni- ions and the rock-salt-
layers contain the nine-coordinate La atoms (in capped square
anti-prism polyhedra, see Figure[I)). Subtle distortions from this
ideal tetragonal structure give rise to orthorhombic and mono-
clinic symmetries. For example, PryNiO,, s crystallises in the
related orthorhombic structure with space group Fmmm. Stoi-
chiometric La;NiOy is orthorhombic with space group Bmab and,
as previously mentioned, the oxygen excess material crystallises
in the tetragonal symmetry with the general formula LayNiOg4 s
with § in the range 0.055-0.15.8 In the tetragonal structure the
La-atom is located on the 4e¢ Wyckoff site (0,0,z) with z ~ 0.36, Ni
on the 2a Wyckoff site (0,0,0), O(1) on the 4¢ Wyckoff site (O,%,O)
and O(2) on the 4e¢ Wyckoff site with z ~ 0.18. In the orthorhom-

@ ISIS Neutron and Muon Facility, STFC, Rutherford Appleton Laboratory, Chilton,
OXON, OX11 0QX, UK. Tel: +44 1235 445706; *E-mail: craig.bull@stfc.ac.uk

1 Electronic Supplementary Information (ESI) available: [Details of refined
structural parameters as a function of pressure and RAW data]. See DOI:
10.5286/1SIS.E.RB1510598.

bic (Fmmm) structure the Pr-atom is located on the 8i Wyckoff
site (0,0,z) with z20.36, Ni on the 4a Wyckoff site (0,0,0), O(1)
on the 8¢ Wyckoff site (4,1,0) and O(2) on the 8i Wyckoff site
(0,0,z) with z20.17. In both structures the displacement of the
O(2) atom gives rise to a distorted NiOg octahedron elongated in
the c¢-direction with four shorter Ni-O(1) bonds in the ab-plane
and the two longer Ni-O(2) bonds in the ¢-plane (Figure[I). The
displacement of the X-atom in the z-direction coupled with the
O(2) atom displacement gives rise to a zig-zag arrangement of
0(2)-X-0(2) bonds along the a and b directions (Figure.

Pressure is a powerful tool for accessing new physical prop-
erties while also affecting excited-state dynamics. High pres-
sure provides a systematic control over interatomic distances in
materials, a primary input for calculations of solid-state prop-
erties; high pressure studies also provide experimental support
for theoretical models. High-pressure experiments can reveal de-
sirable new properties and crystallographic structures and syn-
thetic methods may then be developed to access these proper-
ties and structures at ambient pressure.2 A methodology for do-
ing this may employ the concept of ‘chemical pressure’, whereby
ionic substitutions are used to induce similar distortions to the
crystalline lattice. 121 Gomparisons of chemical and hydrostatic
pressure in systems have been previously made, for example
in doped MnAs, BaFe;(As;_Py)2, Gd;_,Y,Ba;Cuz0;_5, CoM,04
(M=Al, Co and Rh), SmNiC; and the bromido-bridged palladium
compound [Pd(en),Br](Suc-C,),.H,O. 1011251611 the field of per-
ovskite related materials the effects of changing the size of the
central anion is used to replicate the effects of pressure and has
been used to study the effects of magnetic interactions. For exam-
ple, in ferrimagnetic materials A,CrOsOg (A=Sr, Ca)1Z. Where
there is a decreased interaction angle between Cr—-O-Os when
substituting Ca with Sr in the A—site and change in magnetic curie
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Fig. 1 Structure of the layered-perovskite X,NiO4 (X=La or Pr). Top Left:
overall structure looking down the b-axis. The NiOg octahedra are shown
as green polyhedra. The offset O2 and X atoms along the c-axis are
clearly seen as a zig—zag across the structure. Top Right: The structure
showing the NiOg and XOy polyhedra. The layers of NiOg polyhedra and
the interlaced XOy polyhedra are clearly seen. Bottom Left: The NiOg
octahedra, the O1 atoms form the four shorter equal in-plane Ni—O(1)
bonds and the two O2 atoms form two longer Ni-O(2) bonds in the c-
direction, and give rise to a distortion of octahedra. Bottom Right: the
capped-square anit-prism formed by nine non equal La—O bonds. In all
figures the X atoms are shown as a blue spheres, the nickel as a green
spheres and oxygen as red spheres.

temperature. Another example would be the structural changes
induced in the solid solution (Sr;_,Ba,),FeSbO¢ which are shown
to be analogous to that produced by hydrostatic pressure.18 The
reduction in superconducting temperature in K,NiF,4 structured
Sr,RuOy4 by hydrostatic pressure has also been mimicked by alter-
ing of the substrate on which the epitaxial thin films is grown.

In the current study we have compressed tetragonal La;NiOy 5
and orthorhombic Pr,NiO,4, 5 up to pressures of 2.8 and 2.2 GPa
respectively at 300K. The crystallographic structure has been
measured upon compression using neutron diffraction. We have
then analysed the data to look at the behaviour of polyhedra in
both materials with increasing pressure and these changes have
then been compared to the behaviour of the polyhedra in related
materials in order to quantify the chemical pressure due to dop-
ing.
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2 Experimental

2.1 Sample Synthesis

To prepare La;NiO4 and PrpNiO4, stoichiometric amounts
of La(N03)3.6H20, PI'(NO3)3.6H20 and Ni(NO3)2.6H20
(>99.99%, Sigma-Aldrich) were dissolved in the minimum
amount of distilled deionised water in an alumina crucible.
The resulting solution was then warmed at 353K to drive
off the excess water and the temperature slowly increased to
decompose the resulting gel. The resulting oxide mix was then
sintered at 1373 K for 24 hr in air and cooled slowly to ambient
temperature, thoroughly ground, pelletised and annealed at the
same temperature, until a single phase oxide resulted. X-ray
diffraction was used to confirm phase purity, using a Rigaku
Miniflex diffractometer with a filtered Cu Ky 2 source over the
range of 20-80° 26, with a step size of 0.05°.

2.2 High-Pressure Neutron Diffraction

Powdered sample was placed in an encapsulating null scattering
TiZr gasket?? and sealed between a pair of zirconia-toughened
alumina anvils within a V3 Paris-Edinburgh press2l. To ensure
hydrostatic conditions, perdeuterated methanol:ethanol (4:1 ra-
tio by volume) was included in the sample chamber and small
piece of lead included to act as a pressure marker. A sealing
load of 6tonnes was applied. The press was then mounted in
the PEARL instrument at the ISIS Neutron and Muon Source in
the UK22, A neutron powder time—of-flight (ToF) diffraction pat-
tern was obtained in the 90° scattering geometry giving access to
a d-spacing range of 0.5-4 A. Data sets were recorded for approx-
imately 3 hours per pressure point, and data collected in 5 tonne
increments up to a maximum applied load of 50 tonnes. The max-
imum pressure generated for each sample was ~2.8 and 2.8 GPa
for the La,NiO4 and PryNiO,4 respectively, the differences being
as a result of differing amounts of samples loaded in each exper-
iment relative to the pressure transmitting medium. Data were
focused, normalised and corrected for anvil attenuation using
in-house software3 and Rietveld analysis performed using the
GSAS suite of programmes.

3 Results and Discussion

3.1 High pressure behaviour of La;NiO,, 5 and Pr;NiO,4, 5

Figure [2| shows a representative neutron powder diffraction pat-
tern of orthorhombic PryNiOy, 5 (Fmmm) at 2.2 GPa. Across the
pressure range studied both La;NiO,, 5 and Pr,NiO,, 5 show no
changes in symmetry, showing only a compression in unit—cell
volume. For La;NiO,4 with excess oxygen the published crystallo-
graphic structure includes an interstitial oxygen placed at the 4d
Wyckoff site (O,%,%) with a low site occupancy (~ 0.1). How-
ever, in the current data addition of the above oxygen to the re-
finement results in no improvement in overall fit quality and the
fractional occupancy and thermal motion when refined are highly
correlated and we suggest this is a result of the attenuation of the
data by the anvil and gasket material26, as such we have not
included the excess oxygen in our subsequent refinements. Ad-
dition of the excess oxygen without fractional occupancy refine-
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Fig. 2 Neutron powder diffraction pattern of Pr,NiO,4, 5 at 2.2 GPa. The
raw data is shown as open black circles. Also shown by the red trace
is the calculated profile of the Rietveld refinement of the data and the
blue trace the residual of the fit to the data. The vertical tick marks show
the positions of the Bragg reflections for the phases (from top to bottom,
PryNiO, s, Pb pressure marker, ZrO, anvil and Al,O3 anvil).

ment resulted in no changes to the refined positions of O(1) and
0(2) which are in agreement with those published previously.2>

The compression behaviour of the tetragonal LapNiOy4, s
and orthorhombic Pr,NiO,,s unit-cell parameters is shown
in Figure The lattice parameters all show a decrease
in value with increasing pressure. The individual lat-
tice compressibilites for La;NiO4, s have been determined as
ka=kp=2.1(4) TPa—'and k,=2.37(9) TPa~! and for Pr,NiO,_ 5 as
ka=2.0(2),kp=1.2(2) TPa~! and k.=3.5(2) TPa—'. We note that
the determination of the orthorhombic distortion may be limited
by instrumental resolution, giving rise to the non-linear changes
observed in the lattice parameters at low pressures, or there
may be a subtle structural phase transition, however, we see
no discontinuous behaviour in the unit-cell volume or anoma-
lous behaviour in the bond distances beyond determined stan-
dard deviation. Figure [3]also shows the variation in unit-cell vol-
ume for La;NiO,4, sand Pr,NiO,, 5 with increasing pressure which
smoothly decreases in value upon compression. Also shown is the
determined 2 order Birch-Murnaghan equation of state (EoS).
A first-order phase transition (even an isosymmteric one) would
result in discontinuous behaviour in unit—cell volume and would
be clearly visible in the deviation of the unit—cell behaviour from
the determined EoS. The difference in the bulk modulus between
the two samples is small and the determined values of By are
147(1) GPa and 140(2) GPa for La;NiOy, 5 and Pr,NiO,, 5 respec-
tively. These values are typical for oxide materials but are softer
compared to the equivalent cuprate oxides La,CuO4 and Pr,CuOy4
with values of 185 and 160 GPa respectively.2Z

For LapNiO4, s the Ni-O(1) bond length (Figure which
is found in the a — b plane decreases with increasing pressure
— given that the a lattice parameter decreases linearly with
increasing pressure with an estimated rate of change of ~-
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Fig. 3 Variation in unit—cell parameters with pressure for La,NiO, sand
Pr;NiOy, 5. A: Lattice parameters for tetragonal La;NiO,, 5, a = b shown
as filled squares and the c lattice parameter as open sqaures. B: Lattice
parameters for orthorhombic Pr,NiO,, 5, a as filled square, b by triangles,
and c as open square. C: Variation of normalised (to ambient pressure
Vo) unit—cell volume (V) with pressure for La;NiO, s (filled square) and
Pr,NiOy, s (open square). The solid black trace shows the fit of a Birch—
Murhaghan equation of state to the La,NiO,4 s data and the red trace the
equivalent for the Pr,NiO, 5 data. Error bars smaller than symbols.
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O.OO4AGPa*1(Figure . However, the Ni-O(2) bond length
(which lies along the c-direction, Figure increases with in-
creasing pressure despite the c-axial length decreasing at the
higher rate of ~0.018 AGPa—!. The ratio of Ni-O(2)/Ni-O(1)
bond length shows an overall trend of increasing with increasing
pressure (~0.011 GPa~!). Deviations from an ideal value of 1 for
the Ni-O(2)/Ni-O(1) bond length ratio indicate distortion of the
NiOg octahedra and in the present case the trend suggests that
these octahedra become increasingly distorted with increasing
pressure, elongating along z. A different behaviour is observed
for the Ni-O bonds in Pr;NiO,4, s where both bond lengths de-
crease with increasing pressure at a similar rate to each other (~-
0.003 and -0.004 AGPa~! for Ni-O(1) and Ni-O(2) respectively)
and this overall results in a negligible increase in the Ni-O(2)/Ni-
O(1) ratio with increasing pressure at a rate of ~0.0007 GPa~!
(Figure @) The actual volume of the NiOg octahedra in La;NiOy4
shows a very small increase in size with increasing pressure (~
0.04A3GPa~!) and overall the compression is taken up by a re-
duction in volume of the distorted LaOg polyhedra at a rate of
~-0.18 A3 GPa~! (Figure @) For Pr,NiOy, 5 both the NiOg and
PrOgy polyhedra decrease in volume at a rate of ~-0.05 and -
0.23 A3GPa~! respectively (Figure [4). It therefore appears that
there is a difference in the apparent compression mechanism be-
tween La;NiO,, 5 and Pr,NiO,4, 5 where in both systems the XOg
polyhedra compress at a significantly faster rate compared to the
slowly expanding NiOg polyhedra in La;NiO4, s and gradually
compressing NiOg octahedra in PryNiOy, 5.

The point group of the octahedral (NiOg) site is Dg4j,. A shift
of the oxygen atom along the c-axis leads to a stabilisation of
the d orbital with elongation of the Ni-O(2) bond as is the case
upon compression of La;NiO,4 5 and a stabilisation of the d»_»
orbital if the bond reduces in length as in the case of Pr,NiO, +;g,
with increasing pressure.?® Such changes in orbital stabilisation
would give rise to a change in covalency of the Ni-O bonds in
each direction as well of the La/Pr-O bonds.

There are three distinct La-O bonds in the LaOg polyhedra of
the tetragonal LapNiO4, 5. The longest four of which (La-O(2))
decrease in length with increasing pressure as does the shortest
single La—O(2) bond. However, the intermediate four La-O(1)
bonds display invariant behaviour with pressure within error. In
orthorhombic Pr,NiOy, 5 there are four distinct Pr-O bonds in
the PrOg polyhedra and different behaviour is seen upon com-
pression. The two longest Pr-O(2) bond lengths are invariant at
high pressure and the two slightly shorter Pr-O(2) bond lengths
decrease with increasing pressure. On average the single shortest
Pr-0O(2) bond is invariant with increasing pressure and the inter-
mediate four Pr-O(1) bonds decrease in length with increasing
pressure (see S.I. 1).

There are no significant changes in the relative difference be-
tween the absolute bond valence sum to the formal oxidation
state (|AV;|) of the NiOg octahedra in La;NiOy4, 5 and a small in-
crease in ProNiOy4 5 (FigureELl) with increasing pressure.2? There
is however, a significant decrease in the difference in absolute
bond valence sum of the LaOg and PrOy polyhedra at high pres-
sure. It has been suggested that a difference in absolute bond
valence sum greater than 0.1 is a result of strain in the bonds
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and hence for the XOg capped square anti-prisms in the materi-
als the strain is relieved with pressure, but there is no significant
reduction in strain in the NiOg polyhedra.? However, given the
oxygen excess it is hard to exactly quantify the absolute value of
the bond valence sum. It is the mix of invariance and decrease in
the X-O bonds in the XOg polyhedra in La;NiO,4, 5 and Pr;NiOy , 5
which gives rise to the observed behaviour in difference in abso-
lute bond valence sum. In previous studies, the oxidation state of
Pr in PryNiO,4, s has been determined by XANES measurements
to be 3+, with the average oxidation state for nickel between 2+
and 3+. The latter was assumed to be 2+ in the present bond
valence sum calculations (but potentially could also be higher as
a result of potential small quantities of oxide impurities below the
detection limits of the techniques used).! In the case of the Ni—
O bond valence for both materials we note the difference from
2+ is quite high and suggests that the oxidation state is on aver-
age greater than 2+ (as would be suggested by the oxygen excess
described above). However, we are unable to confirm the exact
value of the oxidation state of nickel, but no change in oxidation
state would be expected to be induced with increasing pressure
and the overall trends in the bond valence sum should be unaf-
fected.

3.2 Chemical vs Hydrostatic Pressure

Having established the behaviour of the polyhedra in La;NiOy, 5
and PryNiO,4, s with pressure we turn our attention to recreating
the structural changes at ambient pressure. As previously dis-
cussed the concept of chemical pressure allows the recreation
of the effects of hydrostatic pressure and for La;NiO4, s and
Pr;NiO,, 5 doping of the lanthanide ion effectively changes the
overall unit—cell volume.

Previous studies have shown a reasonably linear decrease in
unit—cell volume with increasing chemical doping (x) in the solid
solutions La, ,Pr,NiO4 and Pr, ,Nd,NiO, (see Figure [5).32533
This is expected, as the ionic radii of the lanthanides decrease
with increasing Z across the lanthanide series La (1.216 A) > Pr
(1.179A) > Nd (1.163 A) (with ninefold coordination in 3+ oxi-
dation state). It is possible to determine the equivalent pressure
required to compress the parent (undoped) material to the same
unit—cell volume using the EoS parameters determined for the
end member. This is termed the ‘effective chemical pressure’.34
Figure |5 shows the determined pressure for each of the dopant
levels using this method. The effective chemical pressure is differ-
ent between the two systems for a given dopant level owing to the
different EoS parameters for their respective end-members. The
question remains however: do the polyhedra behave the same
with effective chemical pressure as they do with hydrostatic pres-
sure on the parent material?

Figure [6] shows the variation in polyhedral behaviour
determined by previous studies®233 of La, ,Pr,NiO; and
Pr;_,Nd,NiO4 replotted as a function of effective chemical pres-
sure. Firstly, we look at the overall trends of the Ni-O bonds
within the NiOg octahedra. For La,_,Pr,NiO4 the Ni-O(1) bond
decreases linearly with increasing effective chemical pressure,
however the Ni-O(2) bond shows a small but reasonably lin-
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Fig. 4 Experimentally determined behaviour of polyhedra in La;NiOg4, 5
and Pr;NiO,, 5 with pressure. A & B : changes in Ni-O(1) (squares) and
Ni—O(2) (circles) bond lengths for La;NiO,, 5 (A) and Pr;NiOy, 5 (B). The
triangles show the variation in Ni—-O(2)/Ni-O(1) bond length ratios (prop-
agated error bars smaller than symbols). C: Changes in NiOg (squares)
and LaOy (circles) for La;NiO,, 5. D: Changes in NiOg (squares) and
PrQg (circles) for Pr,NiO4. E: Variation in bond valence difference for
NiOg (squares) and LaOy polyhedra (circles) for La;NiO,, 5. F: Variation
in absolute bond valence sum difference for NiOg (squares) and PrOg
polyhedra (circles) for Pr,NiO,4 5. In all plots the solid lines are linear fit
to the data points.
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ear increase in effective chemical pressure. The same trend is
seen in hydrostatic compression of LayNiO,4, 5 (Figure @, and in
both pressure regimes the distortion of the NiOg octahedra in-
creases. In Pr, ,Nd,NiO, there is a change in behaviour of the
NiOg¢ octahedra compared to that in Lay PryNiOy4 (Figure@ ; un-
surprisingly the Ni-O(1) bonds decrease with increasing effective
chemical pressure; the same trend is seen in the Ni-O(2) bond,
a decrease is also observed in the Ni-O(2)/Ni-O(1) ratio. Upon
the hydrostatic compression of Pr,NiO,, 5 (Figure|4) both the Ni-
O(1) and Ni-O(2) bond length on average decrease (albeit the
Ni-O(2) decreases at a significantly smaller rate); however, there
is very little change in the Ni-O(2)/Ni-O(1) ratio with increasing
hydrostatic pressure, except on average a small increase.

Hydrostatic compression of LapNiO,, 5 (Figure |4) results in a
small (on average) increase in NiOg polyhedral volume, but a
measurable decrease in LaOg polyhedral volume. The effect of
chemical pressure on La, ,PrNiO4 results in a measurable de-
crease in both NiOg and La/PrOg polyhedra, with the rate of de-
crease in NiOg volume being less then that of the La/PrOg vol-
ume (Figure |§[) Interestingly, the hydrostatic compression of
Pr;NiO,, 5 reduced the volume of both the NiOg and PrOg poly-
hedra, and the same behaviour is seen in the compression of
Pr; ,Nd,NiO4 with effective chemical pressure.

The case described above is for a ‘simple chemical pressure sys-
tem’ for which there is no change in oxidation state of the cations
upon doping. However, it is possible to dope systems where the
doping successively changes the average oxidation state of the
ions. For example, in the case of La, ,SrNiO4 and Pr,_,Ca,NiOy4
in which increasing x reduces the unit-cell volume.>° The unit—
cell volumes converted to an effective chemical pressure are
shown in Figure |7 However, the effective chemical pressure or
reduction in unit—cell volume is not achieved by the same mech-
anism as described for the doping with atoms with the same oxi-
dation state. Figure|7|shows the effective chemical pressure gen-
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Fig. 6 Behaviour of polyhedra in La,_,Pr,NiO4 and Pr,_Nd,NiO4 as a
function of effective chemical pressure®233. Top left: NiOg octahedra in
La,_,Pr.NiO, as a function of effective chemical pressure, where the Ni—
O(1) bond lengths shown as squares, Ni—O(2) bond length as circles and
the Ni—O(2)/Ni-O(1) bond length ratio as triangles. Top Right: Variation in
NiOg octahedra in Pr,_,Nd,NiO4 as a function of effective chemical pres-
sure, where the Ni-O(1) bond length shown as squares, Ni-O(2) bond
length as circles and the Ni-O(2)/Ni—O(1) bond length ratio as triangles.
Bottom Left: Variation in NiOg (squares) and La/PrOy (circles) polyhedra
as a function of effective chemical pressure for Pr,_,Nd,;NiO4. Bottom
Right: Variation in NiOg (squares) and Pr/NdQOy (circles) polyhedra as a
function of effective chemical pressure for Pr,_Nd;NiOy4.
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erated for the average atomic radius of the X atom in X;NiOy4
which changes with doping (it is assumed that the Pr ion remains
in the 3+ oxidation state although some studies show that for
similar materials some Pr** may be present with doping=Z%). For
the systems where X=La, ,Pr, and Pr,_,Nd, the average atomic
radius decreases with increasing dopant x (or effective chemical
pressure) however, for the system La, ,Sry and Pr,_,Ca, the av-
erage atomic radius increase (albeit at different rates) despite a
decrease in unit—cell volume or an increase in effective chemical
pressure. The successive doping with 2+ (Ca/Sr) cations means
that the average oxidation state of the nickel ion has to change
to compensate and as such it increases from 2+ with increasing
level of dopant (x) .

In Pr,_,Ca,NiOy4 there is a decrease in both the Ni-O(1) and
Ni-O(2) bond lengths (see Figure |[7) and replicated in the hy-
drostatic compression of PryNiO,, 5. However, the difference in
rate of change leads to an overall increase in Ni-O(2)/Ni-O(1)
bond length ratio and hence an increase in distortion of the oc-
tahedra. In comparison the hydrostatic compression, the rate of
change in the Ni-O(2) and Ni-O(1) bonds gives very little change
in the distortion of the octahedra. In La,_,Sr,NiO4 there is a de-
crease again in Ni-O(1) and Ni-O(2) bond lengths (see Figure
but the rates of which give rise to an overall decrease in the
Ni-O(2)/Ni-O(1) bond length ratio (and hence less polyhedral
distortion/strain) and is opposite to the hydrostatic compression
of LayNiOy4, 5. In both systems there is a decrease in the NiOg and
XOg polyhedral volume with increasing effective chemical pres-
sure, which is in contrast to the situation seen for the hydrostatic
compression of La;NiOy, 5 but the same as Pr,NiO,, 5, although
the behaviour in the doping with 2+ ions means that complica-
tions arise in behaviour of the X and Ni ions due to changes in
oxidation states and this is difficult to disentangle from a simple
change in the average ionic radius of the X atom.

4 Conclusions

We have shown how tetragonal La;NiO4, s and orthorhombic
Pr,NiO,, 5§ compress upon application of hydrostatic pressure up
to ~ 2.5 GPa. The mechanism of compression differs slightly be-
tween the two layered perovskite materials in the way the NiOg
octahedra and La/PrOg polyhedra behave. This behaviour has
then been compared to the effective chemical pressure induced
reduction in unit—cell volume for La,_,Pr,NiOy4, Pr,_,Nd,NiOy,
La;_,SrNiO4 and Pr,_,Ca,NiO4. The study shows that appli-
cation of hydrostatic pressure to a parent compound overall is
reasonably able to predict the effects of chemical pressure in this
series of materials however, the effects of changes in oxidation
states of the cations needs to be taken into consideration. For fur-
ther studies to make use of this methodology, the bulk modulus
of the chemically doped material has to be similar to the mate-
rial studied at high pressure, however, there is a growing number
of high pressure crystallographic studies for which suitable com-
parisons can be made and increasing ease of access to facilities
for performing suitable high—pressure studies. This study starts
to show that it may be possible in the right chemical system to
use experimental in situ physical pressure measurements to guide
synthetic routes to new materials with suitable physical or struc-
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Fig. 7 Behaviour of polyhedra in La,_,Sr:NiOs and Pr,_,Ca,NiO4
as a function of effective chemical pressure based upon previous
published results. 258 Top left: determined effective chemical pres-
sure of La,_,SrNiO4 and Pr,_,Ca,NiOs as a function of level of
dopant x. Top Right: Average ionic radius of A and B atoms (X) in
A, B:NiOy4, La,_,Sr,NiO4 shown by squares, Pr,_,Ca,NiO4 by trian-
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Left: Variation in NiOg octahedra in Pr,_,Ca,NiO4 as a function of effec-
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angles. Middle Right: Variation in NiOg octahedra in La, ,Sr,NiO4 as a
function of effective chemical pressure, the Ni-O(1) bond length shown
as squares, Ni—-O(2) bond length as circles and the Ni—O(2)/Ni—-O(1)
bond length ratio as triangles. Bottom Left: Variation in NiOg (squares)
and Pr/Ca0y (circles) polyhedra as a function of effective chemical pres-
sure for Pr,_,Ca,NiO4. Bottom Right: Variation in NiOg (squares) and
La/SrOy (circles) polyhedra as a function of effective chemical pressure
for Lay_,SryNiOy.
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