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X-ray diffraction, Raman scattering, and Mossbauer spectroscopy provide a diverse description of
the high pressure behavior of berlinite-type FePQ\t a pressure of 2.5(5) GPa, a transformation to a
coexisting new crystallinéchp) and amorphousahp) phase is observed with about equal abundance.

The chp phase is identified as a VCgQype, where FB! and P ions, respectively, are sixfold and
fourfold coordinated. In the 6—25 GPa range and after decompression, the relative abundance of the
chp andahp phases remains unchanged. These phenomena of concurrent amorphous and crystalline
transformations at low hydrostatic pressure and stable abundance ratio over a large pressure range are
unigue in pressure-induced structural transformations of Si@alogs. [S0031-9007(97)04705-4]

PACS numbers: 61.50.Ks, 61.10.—i, 76.80.+y, 78.30.—j

Interestin high pressure phase transitions of s{igi@,) 3 GPa), asimultaneous branchingp an amorphous and a
[1-3] has resulted in numerous studies aimed at simulatingew crystalline phase is observed. This is the first time that
its various phases [4]. The most abundant phase at ambieatconcurrent emergence of an amorphous and crystalline
pressurg P) and temperatur€l’) is the a-quartz modifi- phase is reported. This finding may serve to challenge
cation. It is a corner-linked polyhedral (CLP) compoundexisting models and concepts Bfinduced amorphization
with trigonal structure, consisting of chains of Si@tra- and/or transformations of CLP compounds caused by a
hedra forming spirals parallel to threaxis [5]. Asitmoves displacive mechanism.
towards a denser, higher coordinated state under pres- The high® structural behavior of FePOwas investi-
sure, a-quartz transforms—possibly via an intermediategated using a combination of synchrotron x-ray diffraction
metastable polymorph [3]—to an amorphous phase nedXRD), Raman spectroscopy (RS), afidre Mossbauer
20 GPa [1]. At 60 GPa an ordered sixfold coordinatedspectroscopy (MS). Polycrystalline FeP@as prepared
crystalline phase is achieved [4]. Similar amorphizationin two ways: (i) FeP@ - x H,O starting material was sub-
features were observed in the isostructural berlinite AIPOjected to heat treatment for 48 h@i0 °C, and (i) a stoi-
(b-AIPQ,) at 15 GPa, but unlike silica the transforma- chiometric mixture of F€0; and(NH,4),HPQ, was heated
tion isreversiblej.e., upon pressure release the crystallinegradually t0900 °C. The sample for Mdssbauer studies
state, as well as orientation, was retrieved at 5 GPa [6], was made with 25% isotopically enrichétFe,0;. The
phenomenon described aguctural memory A similar  samples were of berlinite-type single phase, as confirmed
result is obtained withh-AlAsO,, which amorphizes at by XRD. Pressures up to 26 GPa were generated with dia-
9 GPa [7]. Extensive theoretical studies [8], based ommond anvil cells (DAC) using argon for XRD and MS and
molecular dynamics anfirst-principleslocal density ap- a 4:1 mixture of methangéthanol for RS. Pressures were
proximation calculations, have been performed to simulatejetermined by the ruby luminescence method. Mdéssbauer
explain, and predict the microscopic nature and mechanismeasurements at vario@isand P were carried out using a
of P-induced disorder in the CLP compounds. Recentop-loading cryostat and3Co(Rh) point source [10].
studies ofb-AIPO, [9] implied that both of theP-driven Angle-dispersive XRD patterns obtained with increasing
coordination frustrations connected with the Al@nit,  pressure and after decompression to amhieate shown
i.e., the lack of full fourfold to sixfold coordination change in Fig. 1. Diffraction peaks corresponding to a new crys-
of Al on the one hand and the preservation of the, POtalline high® phase(chp) first appear atP = 2.5 GPa,
unit on the other hand, lead to amorphization with presdominating the diffraction patterns & > 5 GPa. The
sure increase and also explain the structural memory upastability range of thehp phase extends to at least 26 GPa,
decompression. as determined by additional energy-dispersive diffraction

In this Letter we report a new phenomenon observedneasurements. Upon decompressioPte= 0, the chp
in the P-induced phase transition of a berlinite-type com-phase continues to be the main crystalline component. The
pound,h-FePQ, in which, at relatively low pressure (2— presence of an amorphous highphase(ahp) can be
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FIG. 1. Angle-dispersive x-ray diffraction patterns of FqPO Pressures up to 18 GPa and after pressure release. The
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FIG. 2. Raman spectra of polycrystalline FeP& different

at different pressures and after pressure release. (a) Trigon ﬁrizontal lines indicate the base lines for the different spectra.
berlinite-type phase at 1.6 GPa; (b)—(d) orthorhombic VErO The mogtlprom|nent Raman line of the low pressure phase near
type phase at 3.9 GPa (phase transition almost completed}015 €m " has been cut in intensity in order to show more
13.0 GPa, and after decompression; (e) calculated pattern f early the weaker lines. A mode assignment is indicated for
the metastable orthorhombic phase at 0 GPa. In (a)—(d) th#1® Spectrum at 1 GPa (see text).

background scattering of the empty DAC (with gasket in place)

has been subtracted, otherwise the intensities are represented as

measured except for the indicated reduction factor of 10 in (a)spectrum at 1 GPa) are well separated into two groups,

The two broad humps in the backgrounds of patterns (b)-(dhigh frequency stretching modes abo9e0 cm™! and
are attributed to scattering from the amorphous component. mostly bending modes belo#00 cm~'. Based on the
analysis of vibrational spectra of the relatédAIPO,
inferred from the broad features in the background (se§l3], we assign the modes observed teFePQ as in-
Fig. 1). Note its absence at 1.6 GPa but its presence witticated in Fig. 2. The Emodes are numbered according
the chp phase for increasing and after decompression. to Table Il of Ref. [13]. Near 2.5 GPa, additional Raman
The diffraction pattern of thechp phase can be in- modes appear, indicating the onset of the structural tran-
dexed in the orthorhombic system. The structure is assition. The very intense Amode of the lowP berlinite-
signed as VCrQ+type (space grougmcm) in which the type phasel(015 cm™' atP = 0) is not resolved anymore
Felt ions acquire a sixfold coordination. For compari- above 4.5 GPa.
son, a calculated diffraction pattern of the orthorhombic Forthechp phase, nine Raman lines can be clearly seen.
phase is also shown in Fig. 1. We note that KinomuraA detailed discussion of these modes and a comparison
et al. [11] have earlier obtained a metastable VGit@pe  with vibrational spectra of related VCiQype compounds
phase of FeP{) however, only after simultaneous appli- [14] will be given elsewhere. The features important
cation of 5 GPa pressure and a temperatu®06f°C. In  in the present context are (1) the Raman lineshef
our measurements the specific voluffe= 0) of thechp FePQ between900 and 1200 cm™! involve stretching
is 21.0(5)% smaller [12] than that of the trigonal modi- vibrations of the PQtetrahedra. The higlt- phase also
fication. We also find an extremely large difference forshows a group of strong Raman lines in this frequency
the bulk moduli of thec/p andchp phases (24 GPa and range, indicating that the YPions retain their fourfold
96 GPa, respectively). coordination in thechp modification. This is consistent
Figure 2 shows Raman spectra of FgR@easured at with the proposed VCr@type structure with P ions
increasing pressures up to 18 GPa and after pressure fie-distorted tetrahedral coordinatiof’§, site symmetry).
lease. The Raman modes of the berlinite-type phase (s€2) Two broadbands centered at abd@® cm™! and
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1100 cm™! are observed and attributed to an amorphous " " " T '
component. Upon decompression, both tihg and the 10 -
ahp phases are evident from the corresponding spectrum
in Fig. 2.

The presence and the classification of the various phases  o.s}
of FePQ are unambiguously distinguishable, and their
relative abundance can be quantified ¥iFe MS spec-
troscopy, based on the well-established Néel temperatures
(Ty) and hyperfine interaction parameters of the low- and
high-P phases. Theé-FePQ is an antiferromagnet be-
low Ty = 24 K, and at 4.2 K the MS spectrum displays a
magnetic splitting with a small quadrupole shift [15]. The
VCrOy-type FePQ was synthesized by Battket al. [16]
by the high# —high-T' process described earlier [11]. The
authors derived its magnetic properti@s, = 60 K) and
hyperfine interaction parameters frofiFe MS studies.

Typical MS spectra recorded &t = 35 K, a tempera-
ture at which thé-FePQ is still paramagnetic and thé p
phase is antiferromagnetic, are shown in Fig. 3. Whereas
the low-P regime reveals a pure quadrupole splitting dou-
blet, with increasingP to 2.5 GPa, a well-defined mag-
netic splitting is detected (dashed curve) which, based on

0.9r
0 GPa (decompr.)

Relative Transmission

0GPa
its hyperfine parameters affig [16], we assign to the/ p- (a) 36K
FePQ. This component is superimposed on a very broad

absorption line (dotted curve) and a quadrupole-split (QS) 10 5 0 5 10

doublet. The broad line is a manifestation of a disordered
spin arrangement, on an atomic scale, arising from a wide
distribution of exchange and superexchange interaction&IG. 3. Méssbauer spectra of FePQecorded at several
We assign it to the amorphous component. The close vapressures: (a) Typical absorption spectrum of paramagnetic
ues of Ty deduced fronf-dependent measurements Sug_berllnlte-type57FePQ characterized by its quadrupole doublet.

- (b),(c),(e) Spectra recorded at various pressures at 35 K. The
gest that the:rp-FePQ is more closely related to theip fitted solid line through the experimental points is a convolution

than thec/p phase. We note that identical valuesTof  of three spectral components: a paramagnetic doublet (solid
of P-induced amorphous and crystalline antiferromagnetsines) arising from remnants of thelp phase, a magnetic

were also found in RSiO, (fayalite) [17]. sextet (dashed lines) arising from thep phase, and a broad
The abundance of thahp and cip components in- SORPeTEntaning fom by pisse, () e oo

crease further to about 7 GPa (see Flg_. 3),_then to the hlg’;&i.se admixture. (f) Spectrum recorded after decompression

est pressure measured, 25 GPa, no significant changes 25 GPa to ambient pressure.

observed anymore in the MS spectra. The presence of a

QS doublet component to the highest pressure and upon

decompression is attributed to remnants (13% abundancd) of their respective MS spectral components. For a thin

of the low-P b-FePQ phase coexisting with the high- absorberA; is proportional tof; - n; [18], wheref; is the

phases. The correspondence betweenstiePQ and recoil-free fraction of theth component [19]. We find

the high” QS component is based on both the hyperthat at 7 GPa(ahp + chp) andn(ahp) reach a value of

fine parameters andy, which were found to be identi- 0.87(5) and0.40(5), respectively, and retain those values

cal with those ofb-FePQ [see Fig. 3(d)]. No remnant to the highest pressure and after decompression.

of this phase could be unambiguously identified in XRD One may wonder why the FeR®xhibits such a peculiar

and RS spectra. We can not reject the possibility that thifehavior under pressure. We may gain some insight from

phase contributes a small fraction to the total noncrystallinéhe recent highr diffraction studies of GaPQ Berlinite-

diffraction. We suggest that chains of corner-linked poly-type GaPQ undergoes a — a phase transition near

hedra clusters with sizes in the range of 10 nm are stilD GPa, retaining the amorphous state at decompression

present in the higlR® regime, coexisting with the higher [20]. The «a-cristobalite modification of GaPQ also

coordination amorphous and crystalline FgR® macro- a CLP compound, shows a nonreversible- ¢ phase

scopic scale. The sample decompressed at 300 K showsansition at about 16 GPa [21]. The new highphase

no recovery tob-FePQ. Only upon heating td00°C is  belongs to theCmcm space group (as theip of FePQ)

the crystallineb-FePQ fully recovered. with Ga in sixfold coordination [21]. It looks like the
The P dependence of the abundanggsof the three high-P structural behavior of the Fe and Ga compounds

phase components were determined from the relative arease similar with regard to the occurrencedadfp andchp
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components at the same pressure conditions. The key fof5] This feature is common ta¥XO, compounds ¥ =
this phenomenon can perhaps be found in the similarity of ~ Si, Ge Al, Ga... and X = Si, Ge P, As...) with
their ionic radii [22], which is also reflected in the very space grougP3;21.
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The radii of Al and Si are significantly smaller, going H. Sowa, J. Macavei, and H. Schultz, Z. Kristallog2
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b-FePQ is just a borderline case, ready to go to sixfold Phys. Rev. Lett71, 3146 (1993); J. S. Tse and D. D. Klug,
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Increasing pressure to 25 GPa does not help to overcome A. Continenza, Phys. Rev. B0, 5950 (1994); N. Keskar,
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