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A full-profile refinement of the layered antiferromagnetic Jelystallographic structures at pressures up to
70 GPa were performed combined wah initio calculations to particularly elucidate the structural aspects of
the recently observed pressure-induced quenching of the orbital term of thenf@nent and of the Mott
transition. Synchrotron powder XRD diffraction studies have shown thatlat GPa a substantial alteration of
the lattice parameters takes place which is attributed to the quenching of the orbital term. StaRing at
~20 GPa and completed at35 GPa, a sluggish structural phase transition takes place which can be attributed
to the onset of a Mott transition as has been previously observed by resistance and MS studies. In agreement
with ab initio calculations, the doubling of lattice parameters and the formation of a new Fe sublattice
replacing the original Cdttype structure, can explain this structural transition. The latter alterations in the Fe
sublattice may indicate a trend of the Fe sites to disorder in the new high pressure phase. This first-order phase
transition is characterized by a significant change of the unit cell parameters, a reduction in volume, and a
change of the Fe-I distances. The substantial reduction of the Fe-I distances with minimal changes in the Fe-Fe
bond lengths at the transition, suggests a charge-transfer-type gap closure mechanism invohprBethe |
bands. At P-40 GPa a overturn of the structural transition is observed resulting in the return of the original,
Cdl,-type structure.
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. INTRODUCTION Eu, Sm,® V,0;, and CrO5-V,0; (Ref. 7 it was found that
an appreciable changes of the interatomic distanlcetake
During the last decade we witnessed a considerablglace which might result into crystallographic symmetry
progress in the studies Mott insulators phenomena immodifications due to strong distortiénA recent structural
transition-metal(TM) compounds in which the process of study of pressure-induced Mott transition in,Bg (Ref. 8
pressure-induced  Mott-transition occurs, namely, thelearly showed that the structural alterations and a 10% drop
strongly correlatedi-electrons systems transform into a nor- in the molar volume coincided with a MT, sic, an electronic
mal metallic staté. This was achieved by numerous high- transition.
pressurgHP) studies of ferrous and ferric compounds apply-  Another pressure-induced electronic feature discovered
ing Mossbauer spectroscopfMS), the only method for (ecently is the quenching of the orbital ordering in
magnetic studies at very high pressufesombined with LaMnO,.° It was shown that orbital order is being sup-
electrical resistivity for probing of transport propertiefn ressed aP>18 GPa and only at 32 GPa a MT took place.

spite of thgse spectroscopy and resistance studies Fhe eff 6ssibly related to this high-pressure feature was the recent
of correlation breakdown on structural features remained unf—

resolved.A priori, the Mott-HubbardMH) gap closure and inding of r:)r.eslsureqn.duced guenchmg oLthélimat\)gnetlc(-j

its associated consequences such as insulator-metal transitim?g'emor. tal term in Fe} by Pasternalet al.” observe

and collapse of the TM moments does not necessarily impI)l?y Ee Mossbauer spec'troscopy..The orbital qqenchmg was
a structural change. A pressure-induced Mott transithdT) explained as due to an increase in the crystal-flgld, ensuring
was reported in the layered antiferromagnetic,NRef. 4 glso th_e bregkdown of the splr_1-orb|t coupling which resulted
and later in CoJ.® It was shown that under pressure Nil In reorientation of the magnetic moment.

undergoes a concurrent insulator-metal transition into a nor- In this paper we present a detailed high pressure crystal-
mal metal with magnetism collapse at exactly the same predographic study of the layered antiferromagnetic, Mott insu-
sure (19 GPa. It was found that within the experimental lator Fe} [space groufc3m (Ref. 11)]. A full-profile refine-
errors the transition is isostructural and practically isochoricment of the Fel crystallographic structures, up to 70 GPa,
However, from the few crystallography studies following based on extensive powder synchrotron XRD diffraction data
temperature-induced Mott transition RNiO; (R=Pr, Nd, combined withab initio calculations will be documented.
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The work’s objective was to elucidate the structural aspects TABLE I. The refined structural parameters of Gtiype phases
as a result of théi) quenching of the orbital term at 17 GPa of Fel, at various pressures.

and(ii) the onset of the Mott transition at20 GPa. As will

be shown, this work will add new aspects to high pressurdressuréGPa a () c(®) u c/a
structural phase transformations resulted from or induced by LP phase
electronic transition in TM ions.
0 (Ref. 15 4.04 6.75 0.25 1.6708
2.7 3.95144) 6.371721) 0.2652) 1.6125
Il. METHODS 4 3.92642) 6.24883) 0.2542) 1.5917
Experimental Fel, was synthesized by direct reaction in 6.95 3.877617)  6.0258) 0.2603)  1.5538
vacuum of spectroscopic pure iodine vapor and metallic iron 7.8 3.85515) 6.0575) 0.2752) 1.5712
at 500°C in an evacuated quartz tufeDue to the hygro- 10.3 3.823%13)  5.9996) 0.27714)  1.5692
scopic nature of Fglthe samples were loaded into the TAU 12.5 3.788%) 5.9194) 0.2822) 1.5625
miniature opposing-plates DAC&Ref. 13 in a glove box 13.6 3.76464)  5.9296) 0.2822) 1.5749
under exceptionally dry conditions. The sample was loaded  14.2 3.745816) 5.93911) 0.2735) 1.5855
into a cavity of 100um in diameter and 30—4@m thickness 16.9 3.67114) 5.84234) 0.2865) 1.5913
drilled in 301-SS gaskets. Argon was used as a pressurizing 194 3.50801)  5.7206) 0.2814) 1.5898
medium. The sample quality was determined by MS and IP phase
XRD. HP-XRD studies were performed up to 70 GPa in the
angle-dispersive mode at the ID30 beam line of the European  16.9 3.587300 5.98627) 0.2744) 1.6685
Synchrotron Radiation Facility, Grenoble. Three slots of 19.4 3.5519) 5.96047) 0.295117) 1.6789
measurements were performedat 0.4246, 0.36503, and 20.6 3.541018  5.8826) 0.2685) 1.6611
0.3644 A wavelength. Diffraction images were collected us- 23.2 3.5383) 5.887114) 0.2494) 1.6639
ing image plates with exposure times-eb min. The image 25.8 3.52%5) 5.83418) 0.2754) 1.6526
data were integrated using therz2p progrant* and the re- 27.5 3.5214) 5.80219) 0.2223) 1.6478
sulting diffraction patterns were analyzed with tlesAs HP phase
(Ref. 15 program. The uncertainties in the lattice parameters
reported in Tables | and Il are from tl@sas fitting output. 40.3 3.537%6)  4.9986) 0.29371§ 1.4121
Pressure was measured using the ruby fluorescence tech- 49-1 3.5428l7) 4.7686)  0.2866)  1.345
nique and Au marker. 58.8 3496(2) 465](5) 028&2) 1.3304
The ab initio calculationsTotal energy calculations were 69 3.480913)  4.5819) 0.2892)  1.316

performed using the full-potential linear muffin-tin-orbital
(FP-LMTO) method® based on the generalized-gradient ap-
proximation (GGA). The PBE parametrization for the ex- basis functions for I, with corresponding two sets of energy
Change and correlation pOtential was emplOVeEaSiS func- parameters: one appropriate for the Semicom a&hd 4

tions, electron densities, and potentials were calculatediates and the other for the valence states. The resulting basis
without any geometrical approximatidh.These quantities formed a single, fully hybridizing basis set. This approach

were expanded in combinations of spherical harmonic funcy,q peen previously confirmed to give a well-converged
tions with a cutoff atl=8, inside nonoverlapping spheres p ;<16

surrounding the atomic sitggnuffin-tin spheres and in a

Fourier series in the interstitial region. The muffin-tin
spheres(MFT’s) occupied approximately 65% of the unit
cell. The radial parts of the basis functions inside the MFT’s
were calculated from a wave equation for the0 compo-

nent of the potential inside the spheres that included ma
velocity, Darwin, and higher-order corrections, but not spin- ! X i
orbit coupling. Spin-orbit coupling and the highecompo- & Gaussian broadening of width 20 mRy. _
nents of the potential in the MFT’s and all of the Fourier A complete optimization of the geomet(onic coordi-

components of the potential in the interstitial region werenates andc/a ratio) has been done, using the Hellmann-
included in the crystal Hamiltonial?. The radial basis func- Feynman forces on the ions for each calculated volume and
tions within the MFT’s, calculated as described above, aré/a value. The calculations described above were done for
linear combinations of radial wave functions and their energythe ferromagnetic state of both structures, in spite of the
derivatives computed at energies appropriate to their sitegiround state at ambient pressure of F&l the Cd} type

with principal as well as orbital atomic quantum numbers.structure is an antiferromagnetic one. This is justified be-
Outside the MFT's the basis functions were combinations otause the magnetic ordering of k& very complex and the
spherical Neumann or Hankel functiol’€ In the present calculations become rather complicated, furthermore, we do
calculations we made use of pseudocopes®d 4 states for  not know how is the magnetic ordering in the big cell model
Fe and I, respectively; and valence bansl 4p, and 31  structure proposed here. However, we are more focused to
basis functions for Fe, and valence bansl Bp, and = phase stabilities than ground state properties, and the total

For sampling the irreducible wedge of the Brillouin zone
we used the speci&-point method’* with 193k points for
Fel, in the Cd}, type structure and 66 points in the big cell
model structure. In addition to using the spe&igloint tech-
%ique we have, in order to speed up the convergence of the
-point sampling, associated each calculated eigenvalue with
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TABLE II. The refined structural parameters of the HP phd@@ type at various pressures. For the meaning of the internal parameters
see Ref. 23.

Pressure

(GPa a(A) c (A) I30x) I3 lagx) laz) cla

20.6 7.2612) 10.6395) 0.165 0.126 0.170 0.625 1.4652
23.2 7.196618) 10.74410) 0.166 0.125 0.170 0.626 1.4929
25.8 7.194019) 10.66810) 0.162 0.124 0.172 0.625 1.4829
27.5 7.199711) 10.4046) 0.164 0.134 0.172 0.625 1.4451
30.9 7.124012) 10.2848) 0.168 0.136 0.173 0.628 1.4436
32.3 7.14819) 10.1364) 0.171 0.140 0.173 0.631 1.418
35.3 7.116012) 10.08@10) 0.173 0.142 0.176 0.629 1.4165

energy comparison of the ferromagnetic solutions for bothsome other diffraction peaks are observed. At this pressure a
structures is assumed to be satisfactory for this study. good quality fit could be obtained assuming a coexistence of
two iso-symmetrical phases albeit with different atomic pa-
IIl. RESULTS rametergsee Fig. )].22 One of the phases is identified as
the original LP and the other as a new, designatethi&s-
mediate pressure(IP) phase with largec and reduceda
parametergFig. 4(a)]. Thec/a value exhibits a discontinu-

Ferrous di-iodide crystallizes in the hexagonal £gipe
structure!! The low-pressure phase can be viewed as a he

agonal close packing arrangement of iodine ions with th us ~5% increase at the LRIP transition and attains a

small ferrous ions nested between planes of the iodjtles value of 1.67 the same as for ambient pressure. Both LP and

tra!ay_er I-Fe). Each_Fe atom has an octahe_zdral_ arrangemer“a phases have practically the same crystal volume and io-
of iodine nearest neighbors and sheets of iron ions are sepai—ne coordinates as can be verified from Figo)dand Table

rated by two layers of iodin@nterlayer I-)) as can be seen in . .
Fig. 1(a). This structure can be completely characterized in 4- "€ combinedv(P) data for both phases could be fitted
with a single Birch-Murnaghan equation using(q

hexagonal setting by the two lattice parameg@ndc, the i
iron position (0,0,0, and the iodine positiort (1/3,2/3u). = 23.2(2.1) GPaKg=4 (fixed), andV,=97.4(1.9) A.
Those parameters have been refined from the powder XRD The high pressure phas&he diffraction pattern obtained
data at pressures to 20 GPa. Typical diffraction patterns reat ~20 GPa shows a significant splitting of the diffraction
corded in the 0-32 GPa pressure range are shown in Fig. Jeaks indicative of the formation of a new high-pressure
The low pressure phastlp to 17 GPa, designated as the modification(HP) [Fig. 2@]. This new phase coexists with
low pressure phasé_P), the experimental diffraction pat- the IP phasé¢Fig. 3(c)] and its relative abundance, based on
terns could be satisfactorily fitted with the Gdtructure{[see  the GSAS fitting, increases sluggishly with rising pressure,
Fig. 3(@] with wg, being less than 1.9% and Rp less thanreaching 100% at-35 GPa. Except for the pattern corre-
1.2%. Parameters, a, and the volume decreasing continu- sponding to the original Cdltype structure, some “addi-
ously by~14,~9, and~27 %, respectively, at this pressure tional” weak peaks characterize the HP phéparticularly
range[see Figs. @), 4(b)]. The numerical results of the peaks indexed a6l12), (113 on Fig. 2. It is possible to
refinement are summarized in Table I. Note that the iodingnterpret the HP diffraction data within the same Esitruc-
coordinateu shows a clear trend to increase with pressureg e by adopting the big ce(BC) model. This model allows
Thec/a value decreases monotonically with pressure due 19;) the formation of a new Fe sublattice assuming that a quar-
the soft. gnlsotroplc compression along thexis, from 1.'67 ter of the Fe atoms are displaced towards the fortfer
to a minimum of 1.57 at-10 GPa, followed by a slight g || interlayer sitegFig. 1(b)] and(ii) the doubling of all
increase to 1.59 at 15 GRsee Inset in Fig. @)]. The datf_i attice parameters. The result of a refinement applying the
for the molar volume as a function of pressure were fitte C model for 27.5 GPa is shown in Fig(c3 and that ob-

using the Birch-Murnagha(BM) equation of stafé tained in the 20—35 GPa range is summarized in Fig. 4 and

_ 73 5/ Table 112 The pressure dependence of the lattice parameters
P=1.3(VolV) (Vo/V)™] and volume depicted in this figure were calculated per for-
X[1—0.754—KH){(Vo/V)2P-1}], (1)  mula unit to allow the comparison of the HP data with those

of the LP and IP phases. One can see that the transition to the

whereKy, Ky, andV, are the bulk modulus, its pressure HP phase is accompanied by a significant and discontinuous
derivative, and the unit cell volume at 1 bar and 300 K,reduction of volume 5%) andc (~9%), aswell by a
respectively. The performed fit gives;=29.3(2.7) GPa, slight increase of while thec/a ratio dropped by~10%
Ko=4 (fixed), and Vy=94.2(1.4) B for pressure range [see Figs. @), 4(b)]. The V(P) data for the HP phase can
0-15 GP4Fig. 4b)]. well be described by a Birch-Murnaghan equatforil)

The intermediate pressure phagd 17 GPa appreciable which yields the following valueX,=63(2) GPa,Ky=4
asymmetric broadening of thel00), (110), (201), and of (fixed), andV,="74.95(48) &.
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FIG. 1. (@) Polyhedral representation of the Gdype crystal
structure of Fel up to ~20 GPa. The crystal is formed of intralayer

PHYSICAL REVIEW B 68, 064105 (2003
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FIG. 2. X-ray powder diffraction patterns of Bedt T=298 K at
various pressures. Note the distinctive splitting of the diffraction
peaks at 21 GPa, especially t@91), (102). A part of the spectrum
in the 29 range of 3°—5.5° is shown i 10 magnification to em-
phasize th€001) splitting. Weak peaks, which appear at 20 GPa in
addition to the original Cgltype structure ones, are marked with an
asterisk. Italics correspond to the diffraction peaks of the HP phase.

With pressure increase te-35 GPa the “additional”
weak peakgFig. 2(a)] start to disappear gradually and for
P>40 GPa the best-fit could be obtained assuming the
Cdl,-type structurgFig. 3(d), Table I. This signals the onset
of a structural transformation resulting in a domination of the
Cdl, type phase on the range 40—70 GPa. This transforma-
tion does not carry any appreciable volume change and the
V(P) data, up to and beyond 40 GPa, could be fitted with a
Birch-Murnaghan equation for the 20-70 GPa whole pres-
sure range. It is noteworthy that this transformation was not
accompanied by any apparent hysteresis.

IV. DISCUSSION AND CONCLUSIONS

We carried out total energy calculations for fF&br two
different types of structures, the Gdlype (SO and the BC
model-type(BC) [see Fig. 5a)]. The numerical results of the
calculations for fully relaxed/a and internal parameters are
summarized in Tables Il and IV for SC and BC structures,
respectively’® Calculations employing the GGA method im-
ply a SC-BC transition taking place at/V,~0.72. At the
reduced volume range 0.72-0.67, the total energy value for
BC is lower than that of the SC thereby favoring the BC. A
reverse BG-SC transformation takes place \étV,~0.67.
Thus, ourab initio calculations support the experimental
finding of the BC-type phase and the S®C transitions.
The V/V, calculated transitions are somewhat different than

covalently bonded I-Fe-I held together by I-l interlayer Van der the experimental ones occurring at 0.7 and 0.58. But taking

Waal's forces.(b) Polyhedral representation of proposed HP,Fel

into account the limitations of the theoretical calculation,

structure of the BC type. According to this model a quarter of the Fevhich assumes only fully ordered structuresTat 0, the
positions are transferred to the former free I-I interlayer positionscomparison with the experimental data looks rather good
Note that if the dark octahedra were absent the structure would havgee also Ref. 29 Furthermore, the SE&BC transition

been identical to the low-pressure, Gdype.

agrees with our predicted collapse of magnetic moments
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FIG. 3. Typical examples of analyzed integrated patterns collecté 4t2 GPa, assuming a G#liiype structure for the LP phasé)
17 GPaLP: lower ticks, Au markers: middle ticks, IP: upper tigk&) 27.5 GPaHP: lower ticks, Au markers: middle ticks, IP: upper tigks
and assuming a BC model for HP phase, ddil69 GPa, assuming a Gdlype structure for HP phase. The GSAS program package was
used.

[Fig. ab)]-ZG_ThiS is in good agreement with MS experimen- from the original Cdj type structure to the BC model type.
tal observations discussed below. _ ~ However it should be emphasized that the calculations do not
In addition to the structural transformations predlctedimp|y a significant volume decrease as experimentally
from theab initio calculations, a new phenomenon revealed,pserved® The BC transition by itself is not sufficient to
in our experiment is the LPIP phase t_ransflat;:on starting at explain the large volume decrease; fundamental electronic
17 GPa. It is noteworthy that according tdre MS data  rocesses must take place to explain that. A possible indica-
(Ref. .10 a quenching of the orb!tal term occurs at 17 Gp.ation of such a process obtained from @y initio calcula-
resiu!:mg |?tareakdowr:_ of the sp;ngnrl:rllttcoup_ltmg ant(rzl] F€OMtions is the magnetic moments collapse. And indeed the MS
entation ot the magnetic moment. Both ransitions, the Crysz 4 resistance resufecorroborate this theoretical prediction

tallographic LP~IP and the quenching of the qrb|t term of through the observation of a Mott transition. The abundance
the moment caused by the enhanced crystal field, emerge . . . . e
the diamagnetic/metallic phase increases with rising pres-

the same pressure range without any detected volume n8 o
isomer shif?(lS)” changgs that wouldyhave implied a first- SU'® to reach 100% at 35 GPa similar to the abundance of

order phase transition. Is the crystallographic observation df'® HP structural modification as deduced from the XRD
the LP—IP transition related to quenching of the orbital data. Hence the transition starting at 20 GPa is a complex
term? Perhaps yes. Contribution to the form and energy diransformation including a Mott transition concurrent with
the atomic interactions resulting from spin-orbit terms couldthe structural phase transition.
be significan® hence we propose that the observed lattice The transition from Cdl to the BC model structure is an
distortion in thec direction, at the IP phase, could be attrib- isostructural transition consisting in a displacement of a
uted to the orbital quenching. quarter of the Fe positions towards the former Fe-free I-1
The observed transition starting at 20 GPa is in accorinterlayer sites. In fact this transition may indicate a trend of
dance with the SG>BC transition obtained from owab ini-  the Fe sites to disorder in the new HP phase. It could be
tio calculation. Both are attributed to structural modificationproposed that the breakdown of ttieelectrons may enhance
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> FIG. 5. (a) The calculated total energy of Gdype and BC-
60 . type structures of Felas a function of reduced voluméb) The
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’3 . . . .
FIG. 4. Pressure evolution of the kelell dimensions{(a) unit (CT) typel OJ from an analysis of interatomic distances

cell parameterffor symbols se¢b)]. The transition to the HP phase Variations through the transition. Such analysise Fig. 6 _
is accompanied by-9% reduction ofc. Note the peculiarities in  Shows that up te-20 GPa the main reason for the shortening

parameters behavior corroborated with the quenching of the orbite®f the c-parameter with rising pressure is the reduction in the
term atP~ 17 GPa(arrow). The inset shows a variation ofa with ~ interlayer I-1 distances while the intralayer I-I distances
pressure in the LP, IP, and HP phases. Solid lines are to guide tHeardly change. At-20 GPa a significant decrease in the Fe-|
eyes.(b) Unit cell volume. The @ @®), (—), and(— — —) lines  bond lengths is observed resulting in shortening of the intra-
are theoretical fits for the LP, LPIP, and HP phases, respectively, layer I-I distances. This Fe-l bond lengths shrinkage is re-
using the Birch-Murnaghan equation of state. The transition to th&ponsible for the abrupt change of thexis length and con-
HP phase is accompanied by5% volume reduction. sequently of the volume. The substantial reduction in Fe-l
bond lengths with minimal changes in the Fe-Fe distances
this trend. The reversal transition is observed upon a furthesuggest that the ioding bands play an important role in the
pressure increase in accordance with-BSC transition ob- insulator-metal transition. This prompts us to elect the
tained at theab initio calculations. This transformation is mechanism of the correlation breakdown as the CT gap clo-
caused by the switch-back of the Fe atom to its former I-Isure, e.g., the pressure-induced overlap gb lfand with the
intralayer sites and resulting in the ordered £gpe phase Fe-3d upper band.
for pressures above 40 GPa. In contrast to the Nj layered system the pressure-
As it was mentioned above the significant alterations ofinduced first-order MT in Fglis a sluggish process, namely,
the lattice parameters and volume, associated with the tranhe abundance of the diamagnetic/metallic HP phase which
sition to HP phase, are conditioned by the Mott transitionconcurs with a significantly reduced volume, increases
starting at 20 GPa. We have attempted to identify a mechagradually with pressure and is fully transformed Bt
nism of the Mott transitioiMott-Hubbard or charge-transfer ~35 GPa. It should be pointed out that according to prelimi-
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TABLE Ill. The calculated structural parameters obtained by a0l T ]
FP-LMTO (GGA) simulations for Cdj-type structure at various sl “vv "% I-I,(intralayer)
crystal volumes. g &Y
36 e
VIV, aA) cla u 34} wyYwyy o v
& 3
0.376 3.36637 1.24468 0.2735 < 1. 1. (interlayer) ]
0.410 3.44546 1.26624 0.2705 ~ 36} AAA ! .
0.440 3.51098 1.28251 0.2680 § a2l @A. . ]
0.451 3.53005 1.29225 0.2670 % 28l Aa R ]
0.4741 3.57269 1.31151 0.2639 B 40 _.', ——
0.495 3.60473 1.33424 0.2610 T o, Fe-Fe
0.514 3.63014 1.35556 0.2586 g 38} o ag .
0.536 3.66169 1.37826 0.2560 o 3gl E.“ - ]
0.570 3.70233 1.41737 0.2512 N S o LYt m]
0.587 3.72448 1.43396 0.2487 o
0.624 3.76922 1.47020 0.2425 281 o0y, Fe-l
0.660 3.68941 1.65933 0.2650 281 80 ]
Nee @ o
0.673 3.71437 1.65752 0.2632 24} * ° -
0.713 3.77975 1.66701 0.2584 0 10 20 30 40 50 60 70
0.725 3.79024 1.67936 0.2567
0.764 3.86424 1.67028 0.2518 Pressure (GPa)
0.830 3.93129 1.72260 0.2402 FIG. 6. Pressure evolution of the interatomic distances. Open,
0.873 3.98392 1.74236 0.2328 dot center, and solid symbols correspond to the LP, IP, and HP
0.899 3.99556 1.78675 0.2269 phases, respectively. One can see from this figure and Table | that in
0.952 4.001667 1.87866 0.2151 the LP and IP phases the Fe-I intralayer distances do indeed de-
0.978 3.09868 1.92990 0.2116 crease with pressure but not so fast as ¢hparameter. In other
1.013 4.00183 1.99411 0.2030 words, the pressure primarily reduces the empty space between the
1.057 4.01356 2 06187 0.1949 I-Fe-l_ _Iayers,_leavir_lg the layer itself rather rigid. At the—bH‘-IP_
1.092 4.01238 213192 0.1883 transition a discontinuous decrease of the Fe-l bond lengths is ob-

served resulting in the shortening of the intralayer I-1 distances.

nary data some of the structural alterations in accordance Thus up to~17 GPa the crystal structure of Bedan be
with the Mott transition could be related also to the “classi- assigned to the low-pressure Gdype phase with a continu-
cal” Nil , system. It might be that as a rule a Mott transitionous decrease of crystal volume due to the increase of the
coincides with a structural phase transition resulting somepressure. At 17 GPa an onset of the structurally identical
times in a sluggish and sometimes in an abrupt process, détermediate pressure phase is observed albeit with different
pending obviously on the extent of the volume collapse. Theatomic parameters. We attribute the LP-IP structural transi-
latter could be related to a mechanism of the transitMHl tion as a result of the sudden quenching of the orbital-term
or CT type. resulting in the breakdown of the spin-orbit coupling. At 20

TABLE IV. The calculated structural parameters obtained by FP-LMBGA) simulations for BC model-type structure at various
crystal volumes.

VIVy a c/a Feyz) l1(z) l2(2) I3(x) I3(2) lagx) la(z)
0.442 6.85906 1.36044 0.2509 0.3629 0.8647 0.1696 0.1286 0.1705 0.6295
0.446 6.85402 1.37412 0.2530 0.3640 0.8651 0.1698 0.1291 0.1710 0.6283
0.482 6.97747 1.40650 0.2498 0.3682 0.8686 0.1705 0.1293 0.1709 0.6297
0.526 7.11736 1.44762 0.2505 0.3730 0.8731 0.1715 0.1301 0.1717 0.6300
0.565 7.21475 1.49359 0.2488 0.3773 0.8772 0.1720 0.1302 0.1721 0.6303
0.617 7.42538 1.49683 0.2561 0.3800 0.8810 0.1720 0.1271 0.1731 0.6263
0.666 7.53006 1.54818 0.2380 0.3704 0.8846 0.1724 0.1211 0.1680 0.6343
0.712 7.71184 1.54119 0.2379 0.3731 0.8886 0.1729 0.1183 0.1689 0.6350
0.776 7.84208 1.59762 0.2524 0.3769 0.8776 0.1686 0.1281 0.1685 0.6278
0.844 8.05465 1.60228 0.2513 0.3839 0.8840 0.1683 0.1270 0.1685 0.6269
0.888 8.18796 1.60557 0.2519 0.3896 0.8895 0.1677 0.1259 0.1676 0.6262
0.970 8.38178 1.63549 0.2335 0.3945 0.9023 0.1665 0.1253 0.1681 0.6216
1.110 9.03540 1.49357 0.2133 0.3925 0.9374 0.1553 0.1313 0.1798 0.6122
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GPa, in concert with the MT, significant alterations of thean ordering of the Fe positions is observed resulting in the
lattice parameters, and crystal volume take place. Highenset of the Cdttype structure. The experimental results are
pressure diffraction data could be interpreted using a modéh good agreement with theb initio calculations. Finally, the
which within the same Cgitype structure a formation of a present studies reveal two effects which have not been re-
new Fe sublattice and doubling of lattice parameters takeﬁorted before, name|y, a substantial Change of the lattice pa-
place. This transformation of the Fe sublattice may signify &ameters corroborating the idea of quenching of the orbital

trend of the Fe sites to disorder in the new HP phase. Thghoments and an indication of Fe-sublattice disorder concur-
substantial reduction in the Fe-1 bond lengths with minimalyent with correlation breakdown.

changes in the Fe-Fe distances at the transition suggests that
the iodinep bands play an important role in the IMT. This
allows us to categorize the gap as of a charge-transfer type.
The pressure-induced first-order MT in Fab a sluggish
process, namely, the abundance of the metallic nonmagnetic This research was supported in parts by BSF Grant No.
HP phase characterized by a significantly reduced volume800003, and by Israeli Science Foundation Grant No. 2000-
increases gradually with pressure and is fully transformed a86. We are grateful to Dr. G. R. Hearne for his useful
~35 GPa. With further pressure increase a reverse trend womments.
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