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The effect of pressure on electronic properties and crystal structurg®é,8x was studied up to 45 GPa.
Experimental methods employed wetée Massbauer spectroscoyS), monochromatic synchrotron pow-
der x-ray diffraction, optical reflectance between 0.6 and 4 eV, and electrical resistance measurenssats. Mo
bauer spectra of the magnetically ordered as well as of the paramagnetic phase demonstrate that the charge
disproportionation of P¥ disappears at pressures between 15 and 21 GPa. The diffraction data show that the
tetragonal Ruddlesden-Popper-type crystal structapace group 4/mmn) is retained up to the highest
pressure. The optical spectra reveal a continuous increase with pressure of the near-infrared oscillator strength,
which indicates a pressure-driven transition from an insulating towards a metallic ground state. This is con-
firmed by the electrical resistance measurements which evidence a sluggish pressure-induced insulator-metal
(IM) transition with a clear incipient metallic state Be=20 GPa. The changes in electronic state are not
associated with any detectable anomaly in the pressure dependence of lattice parameters. The high-pressure
behavior of SgFe,0; is discussed in terms of a strengthening of the covalent dheCy 2p)-Fe(3d) interac-
tions under pressure. Within the impurity model for the electronic structure of transition metal compounds the
IM transition in SgFe,O, can be attributed to the closure ofmp-type energy gap. The ambient- and
high-pressure properties of $&,0, and related Fé oxides are comparefiS0163-1829)10531-9

. INTRODUCTION localized as they are only involved in rather weak[t,
—0O(2p,)—t,] interactions. The stronger o*[e
The interplay between chemical composition, crystal—Q(2s,2p,)—e] interactions lead to the formation ofce
structure, electronic structure, magnetism, and electricaonduction band of widttw, which for TM ions having
transport behavior of transition metdfM) compounds has  formally ad* high-spin configuration is quarter filled in the
been studied extensively in recent yeane class of ma- metallic limit. The different electronic and structural proper-
terials of current interest are the mixed-valence'MMn"  ties of LaMnQ, and SrFeq, in particular the suppression of
oxomanganates, e.g., Ln,M,MnO; with M =Ca,Sr, where  the Jahn-Teller effect in SrFeQarise from the larger itiner-
a negative colossal magnetoresistance effect near the trangincy of thea* electrons in the B¥ oxides which is a con-
tion from a ferromagnetic meta”ic State to a paramagneti%equence Of the Stronger Cova|ency of Fe-O bonding' The
semiconducting state is observed.The parent compound analysis of the electronic structure of Srie@thin a cluster
LaMnOQ; is an insulator with a distorted perovskite structuremodel suggests that the insulating as well as the metallic
and A-type antiferromagnetic orderirffg. The orthorhombic ground states of Fé oxides are dominated by?L ~* rather
crystal structure of LaMn@ reflects a cooperative Jahn- than by ionicd* configurations® L~ refers to a hole in the
Teller effect arising from theggeé electronic configuration oxygenp bands. Accordingly, it is believed that the lowest-
of Mn'" in an octahedral environment of oxygen ions. energy excitation gap in these compounds is neither of the
A wide variety of electronic properties is encountered inMott-Hubbard nor of the charge transfer butwp type.
oxides with isoelectronic Féions® For instance, in contrast SrFeQ is then=%~ member of a Ruddlesden-Popper-type
to LaMnO, the F&' oxide SrFeQ remains a cubic perov- series of compounds with the general formula
skite even at low temperatures with regular gefotahedra, Sf,.1F€,03,+1. The n=1 member SFeQ, has the
a metalliclike conductivity, and magnetic ordering with a K,NiF,-type crystal structure. It is an antiferromagnetic
helical spin structurd-'* Trends in the electronic proper- semiconductor with several nonequivalent Faites seen in
ties of perovskite-related TM oxides often can bethe Mcsshauer spectra of the magnetically ordered plase.
rationalized by considering the strength of covalentThe spectra have been interpreted in terms of a spiral spin
TM(3d)-O(2p)-TM(3d) interactions in relation to the ef- arrangement® An oxygen-derived phonon band in the Ra-
fective on-site correlatioiCoulomb and exchangenergy —man spectra of $FeQ, occurring near 380 cmt at 20 K
U.22 It is reasonable to assume that ttyg electrons are which is not intrinsic to the KNiF,-type crystal structure
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ation state, to investigate the possibility of a pressure-
induced insulator-metal and/or high-spin to low-spin transi-
tion, and finally to correlate pressure-induced changes in
electronic properties with structural properties. Indications
for a high-spin to low-spin transition near 30 GPa have been
reported for CaFe§?® which is the classical system reveal-

o 0@ C sr2) ing a charge disproportionation of '#&* The pressure de-
. 7 pendence of the electronic properties of;F50; was
© o(1) probed by®’Fe Mssbauer spectroscopy, optical reflectivity,
o 0@3) © sr(1) and electrical resistance studies. In order to obtain data of
) sufficient quality for structure refinement the pressure depen-
dence of the crystal structure of ;61B,0; was studied by
o o high-resolution angle_z-dispersive X-ray poyvder diffractometry
© using monochromatic synchrotron radiation.

Il. EXPERIMENTAL DETAILS

Samples of SFe,0; were prepared from a mixture of
SrO (stored under arggrand FgO;, which was ground in a
FIG. 1. View of the crystal structure of $fe,0, and the label- ~ ball mill, heated at 1000 °C overnight, pelletized, and heated

ing scheme for the atoms. for another two days at 1000 °C. Finally, the pellets were
annealed in an autoclave at an oxygen pressure of 60 MPa at
suggests the possibility of a small structural distorfibn. 500 °C for 18 h and subsequently furnace cooled. For the

The crystal structure of the=2 member SfFe,0, re-  Mossbauer studies a sample 0§B8,0; with a >’Fe content
veals double layers of corner-sharing ReGnits stacked Of 25% was prepared by employing a mixture of natural
along thec axis of the tetragonal latticéspace group F&Os and °’F,0;. The purity of the samples was checked
l4/mmm), as schematically indicated in Fig. 1. N&bauer by x-ray powder diffractometry. From the x-ray powder pat-
spectrd®!’ of this semiconducting compound, which ordersterns the following lattice constants were derived:
antiferromagnetically belowy~110 K, evidence a charge =385.00(2) pm,c=2014.7(2) pm for the sample which

disproportionation of F¥ which may be written as was used for the synchrotron, optical, and resistance studies;
a=385.38(4) pm,c=2015.1(2) pm for the Mssbauer
IFEt LEd4 I+ L Ed4+ O+ (1) sample. A neutron diffraction study on the system

SFe,0;_, revealed that is a linearly decreasing function

As the formal Fe oxidation state remain for all members  with increasing oxygen conteft.Since thea parameters of
in the Ruddlesden-Popper series of strontium ferrates and asir samples are close to that 056,07 go(s)in Ref. 15 it is
the Fe-O bond distances are quite similar, the bandwidth concluded that the samples used in this study are not oxygen
is mainly controlled by the degree of condensation of thedeficient.
Fe-O network. Accordinglyw,, is expected to increase from Pressure- and temperature-dependéhe Mossbauer ex-
Sr,FeQ, to SiFe,0; to SrFeQ. Another possibility for en-  periments were performed using a top-loading cryostat and a
hancingw,, in these materials is to subject them to externall0 mCi *’Co(Rh) point source of 0.5 mm0.5 mm area
pressures. High-pressure studies opF80, revealed the dimensions in conjunction with a Kr-GOproportional
disappearance of the additional Raman phonon and an ircounter; for further details see Ref. 23. All spectra were ana-
crease in the near-infrared optical reflectance above 5 GHgzed using appropriate least-squares-fitting procedures to
which indicates the possibility of a pressure-inducedobtain the hyperfine interaction parameters. A diamond anvil
insulator-metal(IM) transition!® Indeed, recent resistance cell (DAC) with argon as pressure-transmitting medium was
measurements on JeQ, (Ref. 18 reveal a change of the used for M@sbauer spectroscogiS) pressure studies.
conductivity mechanism &~6 GPa with a final alteration Angle-dispersive powder x-ray diffractidiXRD) experi-
from a positive to a negative temperature coefficient of thements were performed at the 1D9 undulator beamline of the
electrical conductivity near 18 GPa. In addition, the complexEuropean Synchrotron Radiation Facili&gSRH, Grenoble.
magnetic hyperfine pattern in the ¥sbauer spectra of the Samples of SFe,O; were loaded into the gasket hole of a
magnetically ordered phase of,6e0, at ambient pressure DAC using nitrogen as the pressure-transmitting medium.
collapses into a single sextet for pressures larger than aboutl@vo-dimensional diffraction patterns were measured with
GPa® Preliminary high-pressure Msbauer and energy- x-ray wavelengths of 45.80 and 44.62 pm using image plate
dispersive x-ray studies of §fe,O; indicate that the charge detection. In order to improve powder averaging, the DAC
disproportionation of P& disappears between 10 and 20 was rocked by+3°. Typical exposure times were 2 to 4
GPa without change of the crystal structdite. min. The scanned two-dimensional images were corrected

Here, we report a detailed investigation of the pressurdor tilt and scanner distortions and converted to intensity-vs-
dependence of electronic properties and crystal structure &f® data using the Fit2D softwaré Crystal structure refine-
Sr;Fe,0; up to 45 GPa employing a combination of severalments were performed using the FullProf program.
experimental methods. The aim of this study was to follow Optical reflectivity spectra of §Fe,O; between 0.6 and
the pressure-induced alterations of the charge disproportiort.0 eV at pressures up to 37 GPa were measured in a DAC
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using a micro-optical system described in Ref. 26. Reflectiv-
ity measurements were performed under quasihydrostatic
conditions, where the polycrystalline sample is in direct op-
tical contact with a diamond window and otherwise sur-
rounded by a transparent solid of low shear strefi@sCl in
the present cageln these experiments the absolute reflec-
tanceR, is determined for the sample-diamond interface us-
ing suitable normalization procedur&s With increasing
pressure a smooth sample surface suitable for reflectance
measurements was formed only at pressures above about 4
GPa, as is the case with many other TM oxides of high shear
strength.

For resistance measurements the sample/metal-gasket
cavity was coated with an insulating mixture of,®/NacCl
and epoxy. Four-probe dc resistance measurements were car-
ried out with 5—7-um-thick Pt foil electrodes as a function
of temperature and pressiffeNo pressure-transmitting me-
dium was used; the pressure distribution for the resistance
studies was typically 510 % of the average pressure. Pres-
sures in the MS, structural, optical, and resistance work were
measured with the ruby luminescence metffbd.

Transmission (a.u.)

Ill. EXPERIMENTAL RESULTS
A. Mossbauer spectroscopy

Mossbauer spectra of $ie,0; measured at ambient and
low pressures and af<Ty reveal two equally abundant
magnetic components differing in isomer sl{if) values by 1.00 b
0.34 mm/s and with hyperfine fieldB(;) values of 26 and 39
T. This is indicative of distinct magnetic-electronic sites
Fe4t9* and F& 97 resulting from the charge dispropor-
tionation of F& according to Eq(1). These observations are
in agreement with previous Msbauer spectra of $te,0; 10 5 0 5
at ambient pressurg:*’2° Velocity (mm/s)

A series of high-pressure \debauer spectra is shown in 57 . .
Fig. 2. The two distinct charge states persist up to pressures FIG. 2. >'Fe Massbauer spectra of 1,0, at 50 K. The solid

- . L : nes through the data points are theoretical fits. Up~td8 GPa
of ~12 GPa withByy very similar to the values at ambient wo sextets are observed which are drawn as subspectid and

pressure. Above 12 GPa the_two sextets start to converge. %ashed curvgsand correspond to two sites. R=21 GPa spectra
.15 and 18 GPa two magnetic components a_re S.t'” dlscern(Eould be fitted with only one sextet. Intensities are given in normal-
ible, but the differenced B between the hyperfine fields and ;o4 nits.

AIS between the isomer shifts have decreased considerably

compared to the ambient-pressure spectra. This is suppos&lp to the highest pressure of 45 GPa there are no indications
to signal a change in electronic structure in this pressur@f a structural phase transition. All diagrams could be refined
range. Finally, spectra @&=21 GPa reveal a single mag- in the ambient-pressure space grougmmm Additional
netic component, indicating the stabilization of a state with aveak reflections in several diagrams could be attributed to
uniform charge and spin distribution, which is characterizeddiffraction from the nitrogen matrix. A pronounced change
by B,;=27 T and IS= 0.02 mm/s. The Mssbauer spectra of in the relative intensities of Bragg reflections with increasing
Sr;Fe,0; suggest that thes value in Eq.(1) diminishes pressure is noted. This is most apparent from the intense
above 12 GPa and finally the charge disproportionation comt105 and (110 reflections whose relative intensities revert.
pletely disappears at 21 GPa. A collapse of the charge did=or explaining this effect it is instructive to compare the
proportionation between 12 and 21 GPa is in agreement witk-ray diagrams at ambient pressure before pressurizing and
the pressure dependence of the room-temperatlissbémer after pressure releagsee Fig. 3. Both diagrams agree with

spectra(not shown herewhere the material is paramagnetic. respect to the @ values of the reflections but the changes in
relative intensities are not reversible. Thus, the changes in

relative intensities with increasing pressure are attributed to a

continuous development of preferred orientation of the crys-
Diffraction patterns of SFe,O; at different pressures are tallites which remains after pressure release. An overall

shown in Fig. 3. The curves shown below each diagram repbroadening of the diagram after pressure release is assigned

resent the difference between experimental and calculate irreversible pressure-induced microstrain effects.

data. The latter correspond to the best fits obtained from For refining the crystal structure parameters a modified

full-profile Rietveld refinement of the experimental pattern.Lorentzian profile function(mod 2 Lorentziaff) was ap-

0.95

10

B. X-ray diffraction
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FIG. 3. Powder x-ray diffraction diagrams of 58,0, at dif- £
ferent pressures. At the bottom of each diagram the difference be- % 5 .
tween experimental data and calculated profile is shown. The x-ray >
wavelength is 45.80 pm. < 260r 7
(&)
plied. The refinements included the scale factor, background, £ r .
and line shape parameters, the lattice parameteaiad c, D (b)
four positional parameter§z-Sr(2), z-Fe, z-O(1), and 240 L
z-0(2), sedFig. 1 for the labeling scheme of the atojyand [T R RSN (NS R S N S
a parameteiG, accounting for preferred orientation along 0 10 20 30 40 50
the [001] axis. The preferred orientation was described by Pressure (GPa)

tween the ciffaction vector andl the s of preferred oren-, FIG; % (@ Latice pararetsa and(b) volume per it cel of
tation. Isotropic temperature factors were kept constant S_r3FeZO7 as a functlon_of pressure. Solid Iln_es correspond to fitted
: . : irch-Murnaghan relationfsee Eq.(2)]. The inset shows the/a

Whereas diagrams at low pressures are well reproduceﬁamlmeter Versus pressure
there is a misfit in the positions of the (0)0reflections '
above 10 GPa which is particularly evident for the nonover-
lapping (0,0,10 reflection. The difference\d between ex- VIVy=[1+(B'IBy)P] #', 2
perimental and calculated values for the lattice spacthgs
corresponding to th€0,0,10 reflection increases with in- whereV,, By, andB’ are volume, bulk modulus, and its
creasing pressure and is correlated with the degree of prgressure derivative @& =0 GPa, respectively. Correspond-
ferred orientation of the material. This is particularly evidenting equations were used for fitting the pressure dependence
by comparing two diagrams at about 28 GPa from differentof the lattice constanta andc. The fit results listed in Table
experiments which differ both in the degree of preferred ori-l and the absence of a significant pressure dependence of the
entation and in the misfit of th@,0,10 reflection. One finds ratio c/a (see inset of Fig. ¥suggest that the compression of
differencesAd of 0.002 and 0.005 A for samples wiB, SrzFe,0; is almost isotropic. Furthermore, the curvature in
parameters of 0.21 and 0.45, respectively. It is likely thatthe compression behavior is rather normal, as is indicated by
above 10 GPa the $fe,0; samples were increasingly sub- the fact that the value @’ is close to a value of 4 which is
jected to nonhydrostatic pressure conditions in the nitrogetypically observed for low-compressibility solids with
matrix. After pressure release the preferred orientation retnearly isotropic elastic properties.
mains but the nonuniform stress conditions disappear. In- For a discussion of the electronic structure ofFs50,
deed, good agreement between experimental and calculatedder pressure it is desirable to refer to accurate Fe-O bond
d values of the (0,0) reflections is obtained from the refine- distances and Fe-O-Fe angles. In this respect, the informa-
ment of the diagrams before pressurizing and after pressuitén which can be derived from the present high-pressure
release Ad<<0.0005 A in both case&;=0.06 before pres- Xx-ray data is somewhat limited. Due to the small scattering
surizing, G,=0.43 after pressure releaseThese effects power of oxygen atoms and the small but noticeable nonhy-
mainly influence the accuracy of theparameters at high drostatic pressure components it was not possible to extract
pressures, but are not relevant for the main conclusions frorie-O2 and Fe-O3 distances of sufficient accuracy for further
this work. discussions. The only Fe-O distances which can be obtained

Figure 4 shows the pressure dependence of the unit celeliably are the Fe-O1 distances. Corner sharing of O1 atoms
volumeV and the tetragonal lattice parameseiThe volume  between adjacent Fgctahedra, leads to the formation of
is reduced by about 20% at 45 GPa. The pressure depefe-Ol planes in the crystal structure ogB80;. The Fe
dence ofV can be described by a Birch-Murnaghan equatioratoms may be displaced from the center positions of the
of state FeQ; octahedra, which results in Fe-O1-Fe anglesmaller
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TABLE |. Parameters obtained from a fit of a Birch- [T T T T T T T T ]
Murnaghan-type equatiofsee Eq.(2)] to unit cell volumeV and P (GPa) Sr3F9207
lattice parametera andc of Si;Fe,0;. Vg, ag, Cq, By, B’ are the 0.4 36.4 ————————17 -
zero-pressure values of volume and lattice constants, the bulk \‘K 04l R at0.6 6V ]
modulus, and its pressure derivative, repectively. The correspond- L % S | atloe 1 4
. " " 29.6 N
ing parameters describing the compression of the axes are denoted 3 8 0.3 .
asp andp’. © 0.3 c | ]

pandp o 25.6 £ 02 i

Parameter Value é i 223 e oaf 4
Volume Vo 298.76(2)x1¢f pm® ;.E 0.2f Y T
B 134(6) GPa 0’ 17.8 3 0 10 20 30 40
B? ?3( 8)(4) o BEER Pressure (GPa) 1
a axis ap 385.021) pm 01 48~ ’
Bo 387(10) GPa . _
B’ 12.51.1)
; 0.0 [ | ! ] L
c axis Co 2015.41) pm 0 ] 5 3 4
BO 43&30) GPa Energy (ev)
B’ 9.0(2.0

FIG. 5. Optical reflectance spectra ofBe,0; at different pres-
sures. The absolute reflectanBg refers to that measured at the
than 180°. The deviation ob from 180° at ambient pres- sample-diamond interfadsee text for details The inset shows the
sure is small ¢ =177°) Accordingly, half of the lattice reflectance of $Fe,0, measured at 0.6 eV as a function of pres-
parametera essentially corresponds to the Fe-O1 distancesure.

From the analysis of our x-ray data no systematic trends in

with pressure can be established. The mean value fsbm dielectric function has been fixed, such that the integrated
all diagrams is 1733°. It can thus be assumed that the optical conductivity between 0 and 10 eV corresponds to an
pressure dependencea@® (see Fig. 4 basically reflects the  €ffective electron number of 0.087Afor details see Appen-
pressure dependence of the Fe-O1 distance. As there are flx of Ref. 26. In this way we have obtained the frequency
discontinuities in the pressure dependenceadf is con- ~ dependence of the real part of the optical conductivity shown
cluded that the collapse of the charge disproportionation i§" Fig. &b) for two different pressures. The figure demon-
not accompanied by major changes in the average Fe-Cifrates that the NIR optical response gains strength under

bond lengths. Also above 20 GPa the pressure dependenceRfessure at the expense of transitions at energies above 2 eV.
the Fe-O1 distances appears to be regular. In addition, at 36.4 GPa the real part of the dielectric func-

tion changes from negative to positive values at an energy of
1.4 eV. This energy value is tentatively attributed to the
screened plasma frequency at this pressure.

Figure 5 shows representative optical reflectance spectra The reflectance spectra suggest that the lowest-energy op-
of Sr;Fe,0; between 0.6 and 4 eV for various pressures ugical excitation gap, indicated by the NIR edge of the optical
to 36 GPa. As noted above, the spectra correspond to theonductivity at 4.8 GPasee Fig. €)], becomes smaller at
absolute reflectancRy at the sample-diamond interface. At higher pressures. The relatively low NIR reflectance values
zero pressure the overall reflectance is low, because the reuggest that a finite excitation gap and an insulating ground
fractive index of the sample is close to that of diamond. Twostate may still persist up to about 20 GPa. The more pro-
regions of enhanced reflectivity are observed: one in th@ounced increase in NIR reflectivity above 20 GPa is in fa-
near-infraredNIR) region, the other centered at about 3 eV.vor of an insulator-metal transition at higher pressures. In
The most remarkable result is a major increase of the NIRhis case the concomitant blueshift of the high-energy cutoff
reflectivity with increasing pressure. This is emphasized irof the NIR reflectance edgsee Fig. %is partly attributed to
the inset to Fig. 5 where the reflectivitgy at 0.6 eV is an increase in the screened plasma frequency of the mobile
depicted as a function of pressure. The increase in NIR recharge carriers.
flectivity is moderate up to 20 GPa and appears to become The temperature-dependent resistance studies provide
more pronounced above 20 GPa. more direct experimental evidence for the onset of an IM

We have simulated the reflectance spefsee Fig. 6a)] transition with pressure increase. Figure 7 shows resistance
by using a superposition of Drude-Lorentz oscillators for theversus temperature curves for selected pressures up to 25.8
complex dielectric function, which is then substituted into GPa. The onset of a metallic state is deduced from the
the Fresnel equation for the normal incidence reflect®fity. change in sign oflR/d T from negative to positive. All the
An assumption entering into the modeling is that the dielecR(P,T) curves beyond~20 GPa reveal an increase R
tric properties of §§Fe,0; under pressure are nearly isotro- with temperature. In the low-temperature region, however, a
pic. We allowed for a total oscillator strength below 10 eV, minimum in R is observed which moves to lower tempera-
which is similar to that derived from the optical response oftures as pressure is increased. A possible explanation for the
other semiconducting TM oxides. This means the effectivdow-temperature minimum iR at pressures above 20 GPa is
number of electrons contributing to the imaginary part of thethe presence of disorder, which in the limit of weak band

C. Optical reflectivity and electrical resistance
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the averagecrystal structure. Structural modulations on a
microscopic scale like a variation of Fe-O distances at sites
e‘(’;Yith different charges, however, cannot be ruled out. Recent
transmission electron microscopy studies revealed a super-
structure for the charge-disproportionation phase of
Sy Lag Fe0;, a mixed-valence material with formally 70%

overlap leads to localization for states near the Fermi [&vel, F€" and 30% F&.* I ,
One may expect these effects to be suppressed at higher pres-High-pressure Mssbauer and x-ray diffraction studies on
sures due to an increase of the bandwidths and overlap. fr@F€Q at room temperature have been interpreted in terms
fact, the reflectivity spectrésee Fig. 5 clearly evidence a ©f @ first-order high-spin to low-spin transition near 30 GPa
further overall delocalization at pressures above 26 GPaVhich is accompanied by a structural transition from a te-
which is the upper limit of the present transport measureragonal to an orthorhombic pha¥&The absence of discon-
ments. tinuities in the lattice parameters as well as the absence of
significant changes in the character of theddloauer spectra
in the range 20-45 GPa suggests that there is no major
change in the spin configuration of ;58,0, for pressures
The present Mssbauer, optical reflectivity, and electrical up to 45 GPa.
resistance measurements evidence a pressure-induced col-In interpreting the pressure-induced changes in the elec-
lapse of the charge disproportionation state ofF8yO; be-  tronic properties of SFe,O; we first discuss the ambient-
tween 12 and 21 GPa and an IM transition near 20 GPa. Ongressure properties of the Sy Fe,03,4, series of com-
would expect that a charge disproportionation will be accompounds within the model introduced by Goodenough for
panied by structural modulations like variations in the Fe-Orationalizing the electronic behavior of TM compourids.
bond lengths. Such a structural manifestation of a charg&he iron-oxygen network in these materials is built up from
disproportionation is, e.g., found for BaBj®*33 Neutron  corner-sharing regular or nearly regular eg@tahedra. Ob-
diffraction studies of $Fe,O; did not yield evidence for viously, there is no evidence for a static Jahn-Teller effect
structural distortiond® Also our high-pressure x-ray studies expected for a localizeft,(7*)]*[e(o*)]* configuration of
on SgFe,0; do not show any structural anomalies in the F€Y. It is reasonable to assume that the strongly covalent
pressure range where the charge disproportionation §f Feo*[e—0(2s,2p,,) — €] interactions lead to collective behav-
disappears. The space grougdtnmn) remains unchanged ior of the o* electrons in the semiconducting ¢6eQ,
and the pressure behavior of the lattice constants appeafs;Fe,0;) as well as in the metallic (SrFep materials’
regular up to 45 GPa. It is concluded that the electronicThe w* electrons are considered as localized.

FIG. 6. (a) ReflectanceRy and (b) real part of the optical con-
ductivity of SiFe,0; at 4.8 and 36.4 GPa. Symbols(i# represent
a subset of the experimental data points, solid lines are obtain
from fits of an oscillator mode(lsee text to the experimental spec-
tra.

IV. DISCUSSION
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an IM transition as is evident from our resistance and optical

A4
0 SrFeQ, reflectance data above 20 GPa.
i 5.6 GPa In the case of SFeQ, the NIR reflectance starts to in-
0.12} crease with pressure above 5 GP&urthermore, the addi-

tional Raman phonon at 380 crhdisappears between 5 and

6 GPa and the complex \ebauer pattern collapses at about
9 GPa'® These observations are in agreement with the pic-
ture of an electronically driven structural instability and a
spin-density wave in $SFeQ, which both disappear ifv, is
increased. Again, further increase W), due to increasing
pressure leads to an IM transition. This is revealed by a
dramatic change in th&®(T) behavior of SyFeQ, for P

>6 GPa: the temperature variation Rfbecomes extremely
weak albeit with a negative temperature slép&urther in-
crease in bandwidths due to increasing pressure leads to the
change in sign of the slopdR/d T, from negative to positive
0.02| . for pressures at and abo¥e~ 18 GPa. Taking into account
that for a KNiF,-type crystal structure a pronounced two-
dimensional character of the transport properties as well as a
possible polaron formation is expected, the change from a

FIG. 8. Comparison of the reflectance spectra ofF80Q,, positive to a negative temperature coefficient of the conduc-
Sr;Fe,0;, and SrFe@ measured at low pressures. tivity is considered to mark the upper limit for the metalli-

zation pressure.

The complex electronic behavior of Eeoxides is attrib- The electronic behavior of e oxides qualitatively can
uted to an electronic ground state at the insulator-metal bobe well rationalized in terms of the above “chemical” model
derline where the effective electron correlation enetgis  for the electronic properties of TM compounds. For a more
of similar size as the widthv, of the ¢* conduction band!  quantitative comparison with spectroscopic data the elec-
The latter is largest for the cubic perovskite Srke@here  tronic structure of TM compounds is frequently analyzed
metalliclike conductivity is observed. Due to the reduced di-within an impurity approach considering the hybridization of
mensionality of the Fe-O netwomk,, is smaller for SsFeQ,  the 3d states of a single TM ion with the ligan@.) p
and SgFe,0,. In these two compounds electron-electronbands® Depending on the relative magnitude of the charge-
correlation and electron-lattice interactions lead to the opentransfer energyA [energy difference between TM{@3 and
ing of a gap at the Fermi surface and to the formation ofl(p) orbitals|, the on-site electron correlation energy the
insulating ground states. In 480, a charge- transfer integrals,y between TM(38l) and L(p) orbitals,
disproportionation state, which presumably has to be deand theL(p) bandW|dthW either discrete, insulating, or
scribed in terms of charge- and spin-density waves, is stabimetallic ground states may occlirThe analysis of photo-
lized. An intense phonon in the Raman spectra gF86, at  electron spectra of SrFeO(Ref. 13 suggests that the
380 cni ! (20 K) which cannot be assigned within the ideal Sr,, ;Fe O3, 1 Series of compounds with iron in the high
K,NiF,-type crystal structuf and the complex Mssbauer —oxidation state+4 belongs to a class of materials with nega-
spectra in the magnetically ordered pH4se suggest that tive effective charge-transfer energy. Accordingly, the wave
the stabilization of an insulating ground state inF®0,  functions of the insulating as well as of the metallic states of
involves a displacement of the Fe atoms from the centeFe" oxides are dominated by°L ~* rather than by ionid*
positions of the Fe@octahedra and the formation of a spin- configurations. The energy gap is thuspsp type and cor-
density wave. A charge disproportionation of s not ob-  responds to charge fluctuationsl®L ~*+d°L " 1—d®
served for SjFeQ,. The increasing itinerancy of the*  +d°L~2, whereL ! andL 2 denote one and two holes in
electrons in the series $eQ,-SrFe,0,-SrFeQ is also  the oxygen bands, respectively.
seen in the behavior of the NIR reflectance in the low- Within the impurity approach, high pressure has two op-
pressure region~£5 GPa, see Fig.)8 A well-defined NIR  posing effects. On the one hand, increasing values of the
band in the reflectance spectra ob/S#Q, (Ref. 16 corre-  transfer integral$,y due to shortening of the Fe-O distances
sponds to an optical excitation gap of 1.15 eV. The values ofead to a stronger intracluster hybridization and to a stabili-
the NIR reflectance of $Fe,O; are enhanced in comparison zation of the insulating states in the high-pressure regime.
to SpL,FeQ, but smaller than those of SrFeO On the other hand, the metallic states are stabilized by the

The absence of discontinuities in the structural parameteriscreased intercluster coupling and the increased oxygen
of SFe0; indicates that the main effect of pressure is abandwidthW, . In a certain range of parameters a transition
shortening of the average Fe-O distances and therefore feom the Iocallzed to the itinerant state may octuRecent
strengthening of the Fe-O-Fe interactions. The concomitantS studies of SiFeQ, (Ref. 18 show that no change occurs
increase inw,, leads to the closure of the charge-densityin both the hyperfine field and isomer shift in the pressure
wave gap and therefore to the collapse of the chargerange of the IM transition as established from the resistance
disproportionation phase as concluded from thesshmuer measurements. This suggests that the dreléhsity of states
spectra above 20 GPa. ForBe,0; the disappearance of the is essentially unchanged upon metallization, in agreement
charge-disproportionation state appears to be associated wittith the expectations for closure of @p-type gap as the
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mechanism responsible for the onset of a metallic state. Alselectrical resistance experiments show a reduction of the
for SpFe,0; the average hyperfine field above 15 GPa islowest-energy excitation gap under pressure, finally leading
nearly pressure independent which again is consistent witto a pressure-driven IM transition at about 20 GPa. Within
the view that the IM transition in this compound proceedsthe model for the electronic properties of TM compounds
via p-p gap closure. described by Goodenough in Ref. 12 1 electrons arising
Within the impurity model the dispersion of the TMd3  from the [t,(7*)]3[e(c*)]* configuration of F& can be
states is not taken into account explicitly, which, in view of considered as collective electrons. The charge disproportion-
the strong Fe(8)-0O(2p)-Fe(3d) interactions, appears to be ation gives rise to an energy gain of the system by splitting
a severe shortcoming. In particular, the charge disproportiorthe quarter-filleds* conduction band which opens a charge-
ation of F&' in Si;Fe,0; and its pressure-driven disappear- density wave gap. In the case of;56,0; application of
ance point to a more active role of the 8lectrons. Rather, high pressure leads to a strengthening of the covalent
a multiband Hubbard approatttonsidering both the disper- Fe(3d)-O(2p)-Fe(3d) interactions with a concomitant in-
sional widths of Fe @8 and O 2 states may be appropriate crease in the bandwidth,, which results in a collapse of the
and is likely to support the chemical considerations” Fe charge disproportionation and an IM transition. This behav-
oxides like SsFeQ, and SgFe,O, similar to the Ni' oxides ior differs from CaFe@ where changes in the fdsbauer
LnNiO4, are examples for TM compounds with an electronicspectra and crystal structure at room temperature were con-
ground state in the covalent-insulator regifiedigh pres- sidered as evidence for a pressure-induced high-spin to low-
sure then induces a covalency-driven insulator-metal transispin transitiorf’ The strongly covalent nature of the insulat-
tion. ing as well as of the metallic states in'Fexides is evident
from the lack of anomalies in Msbauer IS an@; values
V. CONCLUSIONS on passing the IM transition in §fe,0; and SgFeQ,.
Vo ) ] Within the impurity model for the electronic structure of TM
FeV oxides are a class of materials vyhere the interplay OEompounds the IM transition corresponds to a pressure-
strongly coyalent Fe((.‘B)—O(Zp)—Fg(Ed) interactions, elec-  griven closure of @-p-type excitation gap.
tron correlation, and electron-lattice interactions leads to un-

usual electronic states. In the present work we have studied
the pressure dependence of the electronic properties and
crystal structure of 3Fe,0,, a compound revealing a charge ~ We thank U. Oelke for experimental assistance with the
disproportionation of irodV) at ambient pressure. \e-  synchrotron experiments and for performing the reflectivity
bauer spectroscopy and angle-dispersive synchrotron powdereasurements, and W. Ho for help with sample prepara-
x-ray diffraction studies evidence that the charge disproportion and characterization. This work was supported in part by
tionation collapses between 12 and 21 GPa without anyhe German-Israel Science Foundati¢®IF Grant No.
structural anomalies. Furthermore, optical reflectivity andl-086.401.
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