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The Mott insulator-to-metal transition (IMT) driven by electron correlations has been among the main
research topics in materials science over the past decades. The complex interplay between electronic
and lattice degrees of freedom leads to various transition scenarios. Of particular interest may be the

case of a transition involving the formation of complex phases comprising regions that differ
significantly in their physical properties within the same material. Here, we present the results that
advance the understanding of the IMT phenomenon, offering the documentation of a pure site-
selective mechanism that is not complicated by any structural and spin transformation. Combining
XRD, resistivity, Méssbauer and Raman spectroscopy measurements, we provide evidence for a pure
pressure-induced Mott transition in a-LiFesOg, characterized by site-selective delocalization of
electrons, leading to the formation, above ~65 GPa, of a site-selective Mott phase consisting of
metallic and insulating sublattices. We note that the electron delocalization in the partially disordered
octahedral sublattice cannot be understood purely in terms of a Mott transition, the Anderson-Mott

transition picture seems more adequate.

The insulator-metal transition (IMT) driven by electronic correlations is
one of the most fundamental concepts in condensed matter. The complex
interplay between electronic correlations and the spin, orbital, and lattice
degrees of freedom leads to a wealth of possible scenarios of the IMT and the
appearance of complex phases, which could be attractive for technological
applications. The connective Mott transition, is of particular importance
because it is essential to understanding the properties of strongly correlated
transition-metal compounds being especially relevant to understanding
high-temperature superconductivity, as well as heavy-fermion behavior'™.
A definitive electronic phenomenon in such compounds, induced by
pressure, composition, or other means, is the breakdown of the d- or f-
electron localization, causing the Mott IMT, which usually goes along with a
collapse of the magnetic interactions'™>'* or a high- to low-spin (HS-LS)
transition'' ™",

Of particular interest is the case of the Mott IMT in materials with a
crystal structure containing transition-metal cations in different coordina-
tion polyhedra, where the interplay of electronic correlations and crystal
structure may result in rather complex behavior of the electronic and
magnetic states. Recent theoretical calculations of rare-earth nickelates''®

suggest the formation of a Mott phase that remains electrically insulating
while exhibiting the formation of site-selective local moments and Ni-d,
O-p singlet states. Furthermore, high-pressure (HP) studies of Fe,O; sug-
gest that this material undergoes a site-selective Mott transition, accom-
panied by a site-dependent collapse of magnetic moments'” (which goes
along with site-dependent delocalization (metallization) of the 3d electrons).
However, in Fe,O; the electron delocalization corroborating with the spin
transition coincides also with a structural phase transition, all these com-
plicating an analysis of the role of structural and electronic components in
the transition. Undoubtedly, additional studies of the phenomenon of the
site-selective Mott transition are essential to further understanding of its
features.

Ferrite oxides and particularly ferric spinels seem to be suitable objects
for the study of the site-selective Mott IMT phenomenon since their
structures are usually characterized by two distinct coordination sites sug-
gesting that in these systems a delocalization/metallization of the 3d elec-
trons should not occur simultaneously and propagate through different
crystallographic sites at different degrees of compression'”"*. We note that
ferrite spinels are some of the most studied materials, not only due to their
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rich physical properties, but also diverse applications in the field of magnetic
recording media, ferrofluid, gas sensing, soft or hard magnetic materials,
microwave absorption, etc."””'. Most of the above-mentioned materials
order magnetically above room temperature demonstrating a variety of
magnetic ordering types, and their properties can be altered by doping”**', or
application of pressure™”.

In the particular case of ferric oxides, the Mott and spin transitions are
usually first-order transitions observed at the 40-60 GPa pressure
range'*'*****, However, a signature of a partial sluggish second-order HS-LS
transition has been found recently for some ferrite post-spinels® and in
disordered a-LiFeO,, characterized by a random distribution of Li and Fe
ions”. Sluggish partial site-specific spin crossover appears to be the preferred
electronic response of ferrous spinels at sufficiently high density®*™.
Noteworthy, at high pressures, all these materials are characterized by the
random environment of Fe ions, and specific features of the Mott IMT in
case of such disordered systems are of particular interest’”.

Recent high-pressure studies of AFe,O, (A= Zn, Mg, Co and Fe) ferrite
spinels revealed a structural transition in between 25-30 GPa to a post-
spinel phase®******** characterized by the Cmcm structure containing 6 and
8-fold coordination Fe’* polyhedra®. With this, we note that lithium ferrite
LiFesOg is the only member of the spinel ferrite family, which can be pre-
pared in ordered and disordered phases”, a-LiFesOg and B-LiFesOg,
respectively'""”. This feature makes LiFesOg especially attractive in terms of
studying not only the pressure-induced site-selective Mott transition but
also the influence of a structural disorder on this phenomenon.

In the present work, we reveal a pure site-selective Mott IMT in a-
LiFesOg not complicated by any structural and spin transformation, and
resulting in the formation of a site-selective Mott phase consisting of
metallic/nonmagnetic and insulating sublattices. Furthermore, we find that

electron delocalization in LiFesOg octahedral sublattice is a sluggish process
due to a significant inhomogeneity of the iron local environment. Our
results suggest that site-selective Mott transitions involving the formation of
sublattices, which differ in their physical properties, within the same
material, may constitute a rather general phenomenon in correlated-
electron materials with a complex crystal structure.

Results

X-ray diffraction

XRD patterns obtained up to about 83 GPa are shown in Fig. la, and
Supplementary Fig. 1 and 2. Low pressure (LP) patterns up to 36 GPa can be
identified as the cubic phase with space group P4,32 with Fe’* in tetrahedral
(8¢) and octahedral (12d) sites, whereas Li* ions occupy the (4b) octahedral
positions (Supplementary Fig. 3a)"’. At 33.6 GPa, new diffraction peaks start
appearing. However, the LP cubic phase still dominates up to about 50 GPa
and coexists with a new high-pressure (HP) phase nearly up to 57 GPa, after
which no signature of the LP phase is found. Rietveld refinement was used in
order to obtain lattice parameters for the LP phase according to space group
P4332 as seen in Supplementary Fig. 4i. The LP phase V(P) data can be fit
well with a second-order Birch-Murnaghan (BM2) equation of state (EOS)*
(Fig. 1c, and Supplementary Table 1). (Supplementary Materials). The
patterns of the HP phase could be fitted (Supplementary Fig. 4(ii)) well with
the CaTi,O4-type (Cmcm) structure. This structure is characterized by two
cationic sites: octahedral 8f and a bicapped trigonal prism 4c Wyckoff sites,
characterized by 6 and 8-fold coordination polyhedra, respectively (Sup-
plementary Fig. 3b). The structural transition to the HP phase is accom-
panied by ~ 2.1% volume reduction. Another noticeable change in the V(P)
data, namely a steeper decrease of the unit-cell volume of the HP phase with
pressure increase occurs at about 70 GPa (Fig. 1(c)). Such V(P) behavior
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Fig. 1 | High-pressure Synchrotron x-ray diffraction results of a-LiFesOg. a X-ray
powder diffraction patterns of a-LiFesOg at T=298 K at various pressures (A = 0.3344
A). Diffraction peaks of the Cmcm high-pressure phase, which first appears at ~
34 GPa (marked with asterisks) is clearly seen at 61 GPa. Miller indices in blue color
correspond to the diffraction peaks of the Cincm phase, whereas those in yellow
represent peaks of the P4332 phase. b Zoomed portion of the plot clearly showing
structural phase transition. Positions of main diffraction peaks of the Pt pressure

marker are shown with dashed lines. ¢ Unit-cell volume of the various structural
phases of a-LiFesOyg as a function of pressure. Dash-dotted line is a fit for the cubic
P4,32 phase using the BM2 EOS. The dotted line represents a fit to the orthorhombic
Cmcm phase at the pressure range 51-69 GPa. Note a steeper decrease of unit-cell
volume with pressure increase above 69 GPa. The volume and pressure error bars are
within the symbol sizes.
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Fig. 2 | Raman spectra as a function of pressure. ( a)
Raman spectra of a-LiFesOg at various pressures oA~ "l750 1.0
upon (a) compression up to ~ 78 GPa and (b) ’ 5.5
decompression. ¢ Variation of the peak positions of E ——~___ |698 .
the most intense Raman modes as a function of b 63.0 o g
pressure for compression and (d) decompression — M 2?481 S —~ 14.0 e
cycles. S ] 45-5 o 5 o
S 8 ]
37.3
é‘ ;__»—J\AJ\J\v/A/ "? 227
c
g F 314 8 26.9 .g
-9 26.8 .5 '9 )
c T C 340 £
- 188 ¢ —
o 428 §
] ' , 13.0 g 50.4 §
] 55.8
60.2
69.6
L . . . N ! N N 78.3
200 400 600 1 800 1000 200 400 600_ 1 800 1000
® (cm’) ® (cm
900 F 800 f o
0 o0 S )
800} I a Bo &%
00k / Y T _ 700} e L
o S 600 O
£ 600 M IS
O O
5500 PV \é/ 500 | . b 4 >e——2
A AAALA DO o g—a—F
300
c—os38 C & d
mojpsseesese ® 0% (O] I eew vy ()
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
P (GPa) P (GPa)

suggests an appreciable electronic transformation taking place within the
HP phase. Correspondingly the V(P) data for the HP phase could not be
fitted with a “standard” equation of state. Meanwhile, one can use the data at
a pressure range of 51<P< 69 GPa to define an EOS for the HP phase before
the steeper decrease of V' (Supplementary Table 1). An extrapolation of the
obtained EOS to higher pressures allows us to estimate a volume reduction
corresponding with the proposed electronic transition (Fig. 1c). This esti-
mation gives AV/V;ogp, = 0.9%.

Raman spectroscopy

Room temperature Raman spectra of a-LiFesOg were collected up to nearly
78 GPa. The spectra measured upon compression are shown in Fig. 2a. Up
to ~41 GPaall the peaks can be identified as the Raman modes calculated for
a-LiFesOg sample in the P4;32 space group®. The appearance of new
Raman peaks and the disappearance of previous ones can be seen above
41 GPa (Fig. 2a), suggesting a first-order structural transition at this pressure
range. Another distinct change in the spectra can be seen above 60 GPa,
above which some of the modes significantly decrease in intensity and an
additional mode appears around 480 cm™'. The results of the Raman
measurements are summarized in Fig. 2c by plotting the most intense peak
positions as a function of wavenumber. Two distinct changes can be seen
at~41 and 61 GPa as discussed above. Upon decompression, a distinct
change in the Raman modes is observed at ~55GPa (Figs. 2b, d) with the
recovery of the peaks, which remain down to ambient pressure. These peaks
do not match with the LP structure but are consistent with the modes
observed at the range 41-61 GPa upon compression. This suggests
an irreversible structural phase transition in LiFes;Og, similar to other
spinel ferrites™.

Mossbauer spectroscopy

a-LiFesOg is ferrimagnetic below ~900 K*. At ambient conditions, the
Mossbauer spectrum of LiFesOg consists of two sextets (Fig. 3a) corre-
sponding to two LP Fe** structural sites, tetrahedral (T) and octahedral (O)
(Supplementary Fig. 3a). The two components exhibit magnetic hyperfine
fields H,s = 49.7(2) and 51.6(2) T, typical for a ferric-oxide high-spin 6Alg
state in tetrahedral and octahedral environments, respectively. The area
ratio for these two components is restricted to 40:60 to remain consistent
with the structural data discussed earlier. Between ambient pressure and
44 GPa the observed spectra barely change, with the only observable var-
iation being a slight decrease in isomer shift and Hj,s (Fig. 3d).

Above 52 GPa two new sextets appear (Figs. 3a, d) with smaller
hyperfine field values of 41.6(9) and 35.7(1.7) T, suggesting Fe’* HS states
characterized by a magnetic ordering temperature (Ty) close to room
temperature. These two new components, designated as HP1 and HP2, are
characterized by isomer shift values of 0.23(4) and 0.36(3) mm/s (Fig. 3d).
The larger isomer shift value obtained for the HP2 component suggests an
8-fold coordinated nearest-neighbor environment characterized by larger
Fe-O distances (isomer shift has a negative linear dependence on the
effective s-electron density at the nucleus py(0)*). Furthermore, the isomer
shift values for the HP1 and LP(O) components are reasonably close sup-
porting similar nearest-neighbor environments; namely, an octahedral
configuration. Magnetic sextets from the LP phase coexist with the two new
sextets up to atleast 59 GPa (Figs. 3a,d). At 65 GPa, no traces of the LP phase
have been found in the Mdssbauer spectra. Alongside the magnetic sextets a
non-magnetic component, designated as HP3, is observed in the central part
of the spectra, characterized by a reduced isomer shift value of 0.19(2) mm/s.
The abundance of the new component increases with pressure, replacing the
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Fig. 3 | High-pressure Mossbauer spectroscopy
results at ambient and low temperature. Selected
Fe Mossbauer spectra of a-LiFesOg at various pres-
sures and temperatures; at room temperature

a, ¢ and low temperatures b, upon compression

a, b and decompression (c). Empty circles represent
experimental data points whereas the black solid line
through the data points represents the overall fit to
the data from the sum of sub-components shown.
Gray and pink shaded sub-components refer to the
P4332 phase tetrahedral and octahedral sites,
respectively, whereas olive dark-yellow and red sub-
components represent the Cmcm phase HP1, HP2,
and HP3 components, respectively. Pressure
dependence of the isomer shift (IS), hyperfine field
(HF) and abundances or area percentage extracted
from best fits to the Mossbauer spectra of a-LiFesOg
for (d) compression and (e) decompression cycles at
RT. In (d) black squares and pink diamonds refer to
parameters for the octahedral and tetrahedral sites
of the P4,32 phase, respectively, whereas dark yellow
triangles, olive asterisks and red spheres in both (d)
and (e) represent HP1, HP2 and HP3 components
for the Cmcm phase, respectively. We note that in
the case of SMS measurements (panel b) there is an
appreciable delay in the HP1 to HP3 transformation
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HP1 component (Figs. 3a, d) and its isomer shift value shows an appreciable
decrease above 65 GPa. Meanwhile, the abundance of the HP2 HS com-
ponent stabilizes above 60 GPa at ~ 40% and does not change with pressure.

The HP3 component, observed above 65 GPa, can originate from a
non-magnetic state or a low-spin state. To clarify the nature of this com-
ponent we performed low-temperature Synchrotron MS measurements® at
temperatures down to 2.4 K(Fig. 3b). (We note that when fitting the area
ratio for the P4;32 phase we obtain the expected 60:40 in agreement with the
structural data, but when all parameters are free, the uncertainty is large due
to the overlap of the two components. Thus, we fixed the ratio at 60:40 to
avoid larger uncertainty.). These measurements show no sign of broadening
or splitting of the absorption spectrum and no increase of quadrupole
splitting for HP3 component with temperature decrease down to 2.4 K,
which means no features of a magnetic interaction. The collapse of magnetic
interactions, observed above ~ 65 GPa, coinciding with the sharp decrease
of the isomer shift (which means an increase of the effective s-electron
density at the nucleus p,(0)*°) point to a collapse of electron localization
rather than a transition to a low-spin state (see™'**).

Upon decompression, we do not observe a recovery of the original
spectra typical for the LP phase. However, below 50 GPa the features of
the spectra change significantly, compared to the spectra observed above
70 GPa (Figs. 3c, e). Particularly, the feature of the non-magnetic doublet
changes with pressure decrease: it broadens considerably, decreases in
magnitude and the corresponding isomer shift value increases by ~ 0.2
mm/s, almost coinciding with the isomer shift value of the HP1 com-
ponent. In addition, Hs values of the magnetic HP2 and HP1 compo-
nents increase to about 49 and 43 T, respectively, suggesting an increase
of the Ty values. One can propose a partial collapse of the magnetic order
of the HP1 component, showing a central peak representing the fast spin-
spin relaxation typical of the T ~ Ty regime. The observed features of MS

spectra upon decompression are undoubtedly a signature of an irrever-
sible phase transition.

Electrical resistance

Room-temperature resistance for both compression and decompression
cycles are shown in Fig. 4 as a function of pressure. A steep decrease in the
resistance is observed at the 65-70 GPa pressure range, concurring with the
growing of the non-magnetic doublet in Mossbauer spectra. The variation of
InR as a function of inverse temperature at various pressures are shown in
the inset of Fig. 4. Up to 63 GPa, the resistance increases with decreasing
temperature, indicating insulating-like behavior. Above 65 GPa, the resis-
tance shows metallic behavior. The activation energy E,(P) obtained from
the slope of linear fits to these plots is shown in the upper inset of Fig. 4: a
continuous decrease in the E, with increasing pressure results in a gap
closure at ~ 68 GPa.

Upon decompression, down to 60 GPa the R(P) behavior is similar to
that of the compression cycle, indicating a pure electronic nature of the
transition observed at the 60-70 GPa range. Upon further pressure decrease
the R(P) behavior changes significantly. The resistance value at ambient
pressure is above two orders of magnitude lower compared to the com-
pression cycle, despite the decrease in sample thickness. This agrees well
with the signs of an irreversible structural phase transition, in accordance
with Raman and MS data.

Discussions

Summarizing the obtained XRD, Raman spectroscopy and MS data, we can
conclude that LiFesOyg, similar to a few other ferric spinels MFe,O, (M=Fe,
Mg, Zn)*>***%** undergoes a first order structural phase transition upon
pressure increase; however, at the pressure range 33-57 GPa compared to
25-40 GPa typical for other ferric spinels. This phase transition is
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Fig. 4 | Electrical transport properties of a-LiFesOg as a function of pressure and
temperature. a Pressure dependence of the resistance upon compression and
decompression at 300 K in the main panel. Dashed green vertical line in the panel (a)
delineates pressures where the new Cmcm phase starts to dominate according to
XRD experiments (see text and preceding Fig. 1). Dashed orange line delineates the
pressure where the insulator-to-metal transition takes place. The error in the
pressure determination also should be taken into account. b shows linearized
temperature-dependent data at various pressures assuming Arrhenius activated
hopping transport (below 32 GPa such measurements were unrealizable using our
experimental setup because of the high resistance value). The activation energy E, is
obtained from the slope of linear fits to these plots to obtain the charge gap for
intrinsic conduction Eg = 2E,. (c) shows the pressure dependence of E,, which drops
to zero at ~ 65 GPa.

manifested by the observed changes in XRD patterns, Raman spectra and
dramatic changes of the hyperfine interaction parameters. As in many other
ferrites, the high-pressure phase of LiFesOg comprises two distinct Fe’” sites
characterized by different Hysand IS values. Analysis of the powder XRD
data allows assuming for the HP phase the Cmcm structure typical for
ferric*® and some ferrous post-spinels™ ™. In this structure, two Fe’" sites,
distinct according to MS studies, correspond well with two cationic sites:
namely, the octahedral and a bicapped trigonal prism, characterized by 6
and 8-fold coordination polyhedra, respectively. The abundances of Fe'*
occupying octahedrons and bicapped trigonal prisms stand at 60:40%
(Fig. 3¢), respectively, which suggests that the rest of the octahedral sites are
occupied by Li*" ions.

Similar to the above-mentioned ferric spinels, immediately following
the phase transition Fe’" in both sites is in the HS state. With further
pressure increase, a steeper decrease of unit-cell volume of the HP phase is
seen at ~ 70 GPa (Fig. 1d). This behavior of the unit-cell volume corrobo-
rates with an appreciable change in the features of the MS spectra: namely, a
new non-magnetic quadrupole-split component appears above ~ 59 GPa,
with abundance increasing rapidly with pressure (Fig. 3c). The new HP3
component is characterized above 65 GPa by a significantly reduced IS
value, which corresponds to an increase of the effective s-electron density at
the nucleus that may result from either (i) a spin crossover, or (ii) a corre-
lation breakdown (a Mott transition) in which magnetic interactions

vanish'*. In the present case, the lack of any signs of magnetic correlations
on Mdssbauer timescales ( = 10~ s) down to 2.4 K prompted us to designate
the HP3 component as a non-magnetic resulting from an electron corre-
lation breakdown. A corroborating IMT deduced from R(P, T) measure-
ments, confirms this conclusion. Since MS observations refer to the HP1
component as undergoing an electronic transition, we conclude that the
Mott transition originates only on the octahedral sites, while the electronic
state of Fe’" ions on the trigonal prisms does not change at least up
to ~ 90 GPa.

The existence of a site-selective Mott phase has recently been discussed
in the rare-earth nickelates'>'*”. However, the latter remains electrically
insulating, while exhibiting formation of site-selective local moments.
Furthermore, recent studies of Fe,O5 provide an evidence for a site-selective
Mott phase, in which the 3d electrons on only half of the Fe sites (octahedral)
are metallic, while the rest remain insulating”’. However, in Fe,O5 the
electronic transition coincides with the structural transition complicating an
analysis of the role of structural and electronic components in the phase
transition. In contrast to Fe,Os, in the present case we observe a pure
electronic site-selective Mott transition not complicated by any structural
transformations, which takes place in the Cmcm phase above 65 GPa. This
transition is accompanied only by a minor volume decrease of ~0.9%
suggesting a decrease of the FeOg octahedral volume below 2%. Such
octahedral volume change at the transition is significantly less than that
observed in Fe,O; ( ~ 14 %), which signifies a different mechanism of the
electronic transition in both cases. In Fe,O; the octahedral volume change
upon metallization is similar to that observed in CaFe,O,, FeOOH and
FeBO5™™ (AVIV,; ~12-12.4%) during the Fe** HS-LS transition, sug-
gesting in accord with theoretical calculations'” a closure of the Mott-
Hubbard gap associated with a spin crossover'”™“. (We note that differences
in the Mott transition onset pressure identified by the four techniques is
ascribed to the different pressure transmitting media and degrees of
hydrostaticity in the DAC (see supplementary materials). Undoubtedly,
such a mechanism is not relevant to the present case. In the present case it
seems that a more suitable scenario is the transformation of electron states
from localized to itinerant without an accompanying change of the spin
state. In such a case, the corresponding volume change could be relatively
small'’. Therefore, one can expect in LiFe;Ojg a closure of the gap on the
octahedral sites driven by a classical bandwidth broadening mechanism'”
and resulting in the formation of a site-selective Mott phase consisting of
metallic and insulating sublattices.

The question remains, why the behavior of LiFesOs is different from
many other ferric oxides, characterized by the HS-LS transition of the Fe’* in
the octahedral environment at the 40-60 GPa pressure range'*'****. This
feature could be related to a significant octahedral distortion due to the
presence of Li*', whose ionic radius exceeds that of Fe’* by ~ 18%’". It could
be proposed that an additional ~ 16% decrease of Fe ionic radii due to the
transition to the LS state and a corresponding further increase of the octa-
hedral distortion does not facilitate this electronic transition. Meanwhile, in
the case of another lithium ferrite, LiFeO,, a very sluggish second-order Fe**
HS-LS transition is observed, starting at ~ 50 GPa and not completed even
at ~ 100 GPa (however, in contrast to LiFesOg, LiFeO, remains insulating at
least up to 115 GPa).

An important feature distinguishing these lithium ferrites is that
rocksalt LiFeO, and the Cmcm phase of LiFesOg are microscopic disorder
systems due to the presence of Li*' ions in the octahedral sublattice. It is
noteworthy that according to Mott’s argument'”, in the case of doping a
transition to a metal takes place at some critical concentration n.. However,
in fact, the doping process not only introduces excess electrons but at the
same time creates disorder since the dopant atoms are randomly distributed
in the host lattice. As a result, the observed transition is continuous and
cannot be understood purely in terms of a Mott transition. Thus an
Anderson-Mott transition picture seems more adequate’. In our case a
transition to a metal can be achieved by inducing a d band broadening at
some critical pressure P.. However, the pure Mott transition picture is
inadequate also in this case since one has to deal simultaneously with

Communications Materials | (2024)5:155



https://doi.org/10.1038/s43246-024-00560-x

Article

300 f P4,32 Cmcm Cmem
IVE3HS 4 VIEg3+HS VIEg3+HS  VIIEG3+HS 4 VIEGM
\l 3+HS
| +'Fe Site-selective
250 | Mott insulator strongly correlated
B o eNT metal
—~~ (p—pg) = T"
¥ L 10
200
|\ 0.9
n:§0.8 S 75
150 % ,;
"I e8GPa e
06 ——
100 150 200 250 300 i
100 | i i

0 10 20 30 40 50 60 70 80 90
P (GPa)

Fig. 5 | Pressure-temperature phase diagram of a-LiFe;Og. A part of the R(T) plot
is expanded in the inset to emphasize the metallic behavior above ~ 65 GPa and the
change of R(T) slope sign with temperature decrease. We note that a minimum in
R(T) plots shifts to lower temperatures under pressure and above the minimum
resistance shows (R-Ry) ~ T" behavior. Solid lines are fits using this expression where
n value decreases gradually from 7 ~ 1.19 to 0.93 at the 68-78 GPa pressure range
demonstrating a non-Fermi-liquid behavior.

disorder and interactions between the electrons. Correspondingly one
would expect the transition, in part, to follow the Anderson model™ ™, and a
continuous feature of the transition. Namely, a random distribution of Fe’t
and Li'" cations in octahedral sites should result in significant inhomo-
geneity of the iron local environment, a possible clusters formation and
therefore smearing the value of the critical pressure required for electron
delocalization (or spin crossover in the case of LiFeO,). Indeed, in contrast
to many other ferric compounds' the Mott transition in LiFesOg is char-
acterized by a rather gradual transformation. The onset of metallization is
observed at ~ 65 GPa. However, according to SMS data (Fig. 3b), He pres-
sure medium) about a third of octahedral Fe’* ions (HP1 component) are
still not involved in the transition and their fraction remains quite large up
to ~ 90 GPa, the highest pressure measured. In the case of N, pressure
medium the transition is sharper (Fig. 3a) suggesting that a transition dif-
fuseness strongly depends on the hydrostatic conditions shaping the sample
microstructure. Hence, another noticeable feature of the Mott transition in
LiFesOg s the interplay between electron-electron interactions and disorder,
which results in the sluggish second-order-type metallization on the octa-
hedral sites associated with a nonhomogeneous environment of Fe’* ions.
This special case of the site-selective Mott transition is of great interest and
undoubtedly deserves further in-depth study.

In Fig. 5 we present the pressure-temperature phase diagram of
LiFesOg based on our XRD, MS, resistivity and Raman spectroscopy results.
We note that LiFe;Og turns metallic at P, ~ 65 GPa but with a minimum in
R(T) plots above P, which shifts to lower temperatures under pressure. The
change of the R(T) slope sign at lower temperature could be related with a
weak electron localization originating from the presence of disorder
potentials in the octahedral sublattice. According to MS data this disorder
results also in a smearing of the transition pressure range and an incom-
pleteness of the electron delocalization process up to the highest pressures
measured. Upon decompression, according to the Raman and MS data, the
Cmem structure remains unchanged. However, we observe a reversal in
electronic properties with no sign of hysteresis down to ~ 60 GPa con-
firming a pure electronic nature of the observed site-selective electronic
transition, not complicated by any coinciding structural transformations.

Conclusions

We provide experimental evidence for a pressure-induced site-selective
Mott IMT in LiFesOg characterized by site-selective delocalization of elec-
trons above 65 GPa. Within the Cmcm crystal structure, characterized by

two distinct coordination sites (VI and VIII), we observe 40% of ferric ions
occupying bicapped trigonal prism sites and above 65 GPa ions on the
octahedral sites having delocalized electrons. The transition is characterized
by delocalization/metallization of the 3d electrons only on the Fe sites in the
octahedral sublattice, with a site-dependent collapse of magnetic interac-
tions. The delocalization of electrons on the octahedral sites coincides with a
minor volume decrease suggesting a classical Mott IMT driven by a band-
width broadening mechanism. Due to a significant inhomogeneity of the
iron local environment in the octahedral sublattice, containing also Li ions,
the electron delocalization is a sluggish process, which is not completed yet
at about 90 GPa: instead of a certain critical pressure of the IMT one
observes a broad critical pressures distribution. Hence, in the case of LiFesOg
at high pressures the material is characterized by two sublattices, which
differ significantly not only by the P, value but also by the character of the IM
transition. Thus, our results extend the classification of Mott insulator-to-
metal transition, offering the documentation of a pure site-selective
mechanism, not complicated by any structural and spin transformation, in
this case—a second-order type. They suggest that the concept of a site-
selective Mott transition may be applicable to correlated-electron materials:
in particular, in materials with a complex crystal structure and intricate
short-range ordering features.

Methods

A polycrystalline sample of a-LiFesOg was synthesized at Tel Aviv Uni-
versity (TAU) (enriched to 25% with *’Fe isotope when needed for MS
experiments). Custom TAU diamond anvil cells (DACs)* were used to
induce high pressure, with He, Ne or N, as a pressure-transmitting medium.
The pressure was determined using the ruby R1 fluorescence line as a
pressure marker*’, diamond Raman spectra”, and the Ne and Pt unit-cell
volumes in the case of x-ray diffraction studies. Powder XRD experiments
were performed at the 13-ID-D beamline of the Advanced Photon Source
(APS), Argonne National Laboratory (Argonne, IL) and at the beamline of
the Synchrotron Soleil (Paris). Diffraction patterns up to ~ 30 GPa were
analyzed by Rietveld refinement and above ~ 30 GPa by using the Whole
Profile Fitting (Pawley) method (see Supplementary Materials www.Xxxxx.
com). “Fe Mossbauer studies were performed using a 10 mCi *’Co (Rh)
point source. Low-temperature measurements at 76 and 90 GPa were
performed using energy-domain synchrotron Mdssbauer spectroscopy
carried out at the beamline ID18 at ESRF (Grenoble). Electrical resistance
measurements were performed as a function of pressure and temperature
using a standard four-probe method. High-pressure Raman spectra of
LiFesOg were collected at room temperature using a Horiba (iHr-550)
spectrometer with a 487.8 nm excitation source. Further technical details
about the methods used can be found in the Supporting Information www.
XXXXX.COM.

Data availability
The data sets supporting the findings of the present study are available from
the corresponding author upon reasonable request.
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