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Pseudoamorphization of Cs2HgBr4
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Synchrotron-radiation diffraction experiments have revealed the critical role of nonhydrostatic stresses in
the pressure-induced long-range order dissipation in Cs2HgBr4 crystals. With nonhydrostatic loading, the
samples lose, reversibly, long-range order on the scale observable with x-ray diffraction above 11 GPa while
hydrostatic conditions preserve long-range order up to 40 GPa, the limit achieved experimentally. The phe-
nomenon is interpreted in terms of inhomogeneous lattice deformations induced in the sample by deviatoric
stresses. Diffraction patterns of synthetic grains with chaotic distribution of deformations were computed,
which displayed a sufficiently good agreement between calculated and observed diffraction patterns as to
support the model.

DOI: 10.1103/PhysRevB.68.144104 PACS number~s!: 61.10.2i, 62.50.1p, 71.55.Jv
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I. INTRODUCTION

Fundamental questions on the relationship between
glassy state as quenched from melt and the amorphous
as obtained in crystalline solids by applying pressure w
raised along with the discovery of pressure-induced so
state amorphization~PIA!.1 First explanations of the PIA ef
fect were based on the structural analogy with rapidly froz
liquid, devoid of a long-range order; this seemed justified
the visual similarity of their diffraction patterns. Thus, soli
state amorphization process was considered asmetastable
melting, i.e., a structural disordering typical of the meltin
process, but kinetically hindered because of low tempera
~see, for example, review papers2–4!. This order of events
was included in models used in first-principle calculatio
which verified the existence of an energy minimum, at h
pressure, for the corresponding state. However, as more
more compounds were shown to exhibit PIA, and as
diversity of experimental techniques used to characterize
PIA state grew, a clearer understanding of the eff
emerged. Although loss of long-range order was apparen
common characteristic, the driving forces behind the effe
the mechanisms of transformation, and the stability con
tions for the ‘‘amorphous’’ phases seem to vary considera
from one compound to the next.

Amorphization can arise from genuine structural disor
on the atomic scale~crystallographic disorder! or from other
causes such as decomposition of the initial compound
well. In the case of crystallographic disorder we are deal
with a genuine loss in long-range order, due to disorde
the crystal structure at the atomic scale. This disordering m
be both orientational and positional, but with only slight d
placements on the atoms, no diffusion and no deviati
from the initial chemical composition. The final disorder
isotropic state is to be considered as a new phase, e
stable or metastable. Precisely this latter process could
characterized as metastable melting. The onset of an in
mediate, noncrystalline state between two crystal pha
0163-1829/2003/68~14!/144104~7!/$20.00 68 1441
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~due to a kinetically impeded structural phase transition! can
also be considered, formally and under special conditions
a crystallographic process.

A second mechanism of PIA is thedecompositionof an
initially structurally complex crystal into simpler compo
nents, most of them well crystallized, although of small p
ticle size. Thefirst stepin chemical decomposition is incipi
ent segregation. This frustrated state is similar
crystallographically disordered amorphous but is not a n
thermodynamic state of theoriginal crystal.

Although one can find numerous examples of the ab
mechanisms, there are many cases where neither one
very well. This paper is about specific features of t
pressure-induced amorphization process in Cs2HgBr4; it pre-
sents a model for the suppression of long-range or
namely, nonhomogeneous crystal lattice distortion. Such
homogeneous distortions may have several origins. T
may arise from a pressure-induced elastic lattice instab
or they could be caused by the application of nonhydrost
pressure on the powder particles. In the latter case, in
ticular for soft materials, the random deformations can
quite large and cause a drastic deformation of the cry
structure, similar to that occurring in a true thermodynam
transition to an amorphous phase. Only in the case of c
tallographic disorder the long-range order within one crys
lite is truly lost and ‘‘amorphization’’ is the proper term fo
transformation process; this is why we use the te
pseudoamorphization to describe the state attained
Cs2HgBr4 when pressurized as powder under nonhydrost
conditions.

II. EXPERIMENTAL

Cesium mercury tetrabromide, Cs2HgBr4, is known to
crystallize at ambient conditions in the orthorhombicb-
K2SO4-type structure~space groupPnma! with lattice pa-
rametersa510.248 Å, b57.927 Å, c513.901 Å, showing
a pseudohexagonal arrangement of the HgBr4 tetrahedra.5
©2003 The American Physical Society04-1
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The present structural study of Cs2HgBr4 was carried out on
single-crystalline plates with approximate dimensions
320350 mm3, cut perpendicular tob axis, and on pow-
dered samples obtained by grinding the single cryst
Synchrotron-radiation measurements were performed at
Swiss-Norwegian~BM1A! and high-pressure~ID30! beam
lines at the European Synchrotron Radiation Facility~ESRF,
Grenoble, France! by angle-dispersive diffraction technique
using monochromatic radiation (l50.7000 Å or l
50.3738 Å). In the ID30 setup a focused beam was co
mated with a pin hole to a diameter of 25mm while SNBL
~BM1A! provided a nonfocused beam slit-collimated dow
to 60360 mm2. The two-dimensional diffraction images ob
tained with a MAR345 image plate detector were analyz
using the ESRFFIT2D software, yielding intensity vs 2u
patterns.6 Diffraction patterns were measured in the ran
from 0° to 30°; this window was imposed by the exit slit
the diamond anvil cell.

The samples were loaded into gasketed diamond a
cells with the 150mm diameter hole of the stainless ste
gasket preindented to a thickness 60–80mm. Pressure was
calibrated using the ruby fluorescence technique.7 Measure-
ments were carried out at room temperature in the pres
range up to 40.0 GPa.

In order to study the effect of hydrostaticity on the pha
transformations, nonhydrostatic experiments~without pres-
sure transmitting medium! were followed by measuremen
using~i! paraffin oil ~nujol! which is known to stiffen into a
rigid solid around 2.5 GPa at room temperature~so quasihy-
drostatic conditions are provided up to;8 GPa) and~ii !
liquid nitrogen which crystallizes to itsb modification at 2.4
GPa and transforms into itsd phase at 4.8 GPa. Neverth
less, these crystalline phases are quite soft and provide g
hydrostatic conditions. However at 16.5 GPa, with the
pearance of a harder«-N2, a quasihydrostatic regime sets i

III. EXPERIMENTAL RESULTS

A. Low-pressure crystal-crystal transformations

In earlier studies theP-T phase diagram of Cs2HgBr4 was
studied only up to 0.5 GPa and in the temperature ra
230–270 K by optical birefringence and ultrason
techniques8 ~Fig. 1!. With increasing pressure, Cs2HgBr4
was found to undergo a proper ferroelastic transition from
ambient orthorhombic form to a monoclinic one. This lat
phase is likely to be the same as the ‘‘lock-in’’P21 /n phase,
observed at ambient pressure belowT5234 K.5 According
to Ref. 5, an incommensurate structure with the modula
vector k05d1a* , where d1.0.15 at T5Ti , is stable in
Cs2HgBr4 at ambient pressure betweenTi5234 K andTc
5243 K. The stability domain of this phase vanishes w
increasing pressure and temperature, ending in a polycri
triple point atPc50.14 GPa andTc5253 K ~Fig. 1!.8 Our
powder and single-crystal diffraction data do not confirm
latter results in their entirety.

Figure 2 shows selected powder-diffraction patterns
tained under quasihydrostatic conditions.9 The data collected
at nearly ambient pressure (P50.5 GPa) agree perfectl
14410
0

s.
he

-

d

il
l

re

e

od
-

e

s
r

n

al

e

-

with the previously reported orthorhombic structure5. The
second-order Birch-Murnaghan equation of state

P5
3

2
K0TF S V0

V D 7/3

2S V0

V D 3/2G , ~1!

fitted to data collected in the stability range of the orth
rhombic phase~Fig. 3!, yields the bulk modulus valueK0T

BM

56.1 GPa (K0T8 was fixed at the value 4,V051129.7 Å3)
that has the same order of magnitude as the oneK0T

ac

510.1 GPa calculated using ultrasonic velocity data.10 The
notable difference in the bulk modulus values can be att
uted to a truncated form of the equation of state~1! used in
the fitting procedure. This limitation, in turn, results from th
small number of experimental points obtained in the narr
stability range of the orthorhombic phase.

At P;1.2 GPa onset of only weak new peaks and slig
splittings of the existing ones indicate that Cs2HgBr4 under-
goes a phase transition to a new phase only slightly disto
with respect to the orthorhombic parent one. The characte
the distortion reveals itself in diffraction from single crysta
Figure 4 shows the evolution of the single-crystal diffracti
patterns of Cs2HgBr4 over a wide pressure range, and und

FIG. 1. Partial phase diagram of Cs2HgBr4 crystal~Ref. 8!. P is
the polycritical triple point.

FIG. 2. Selected synchrotron-radiation powder-diffraction p
terns of Cs2HgBr4 loaded with paraffin oil. The tick marks indicat
the positions of calculated Bragg reflections in the orthorhom
phase.
4-2
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PSEUDOAMORPHIZATION OF Cs2HgBr4 PHYSICAL REVIEW B 68, 144104 ~2003!
the same quasihydrostatic conditions as for the powder
Pi51.2 GPa multiple superstructure reflections appear
tween Bragg spots. They can be indexed with@k0l 1d2#,
whered2 is nonintegral. One can suggest that an incomm
surate undulation with a wave vectork05d2c* distorts the
orthorhombic parent structure. AtPl510.3 GPa, well out-
side the pressure region where the pressure-transmitting
dium is hydrostatic, this incommensurate perturbation lo
into a structure, the diffraction patterns of which fit to
monoclinic phase with lattice parametersa59.2 Å, b
56.25 Å, c510.95 Å, b590.5°, at 15.1 GPa. The exper
mental setup does not allow us to determine the crystal st
ture of this incommensurate phase with greater details,
this phase ought to be the subject of another study. Howe
from a comparison of Figs. 4~a! and 4~c! one can conclude
that the two above phase transitions do not break sin
crystalline form of the sample. Since the commensurate
incommensurate transition atPi51.2 GPa, in a good agree
ment with a general theoretical conception, is continuo
this indicates that onlysmall spontaneous strainsare induced
by the ferroelastic lock-in transformation atPl510.3 GPa.
We believe therefore that the observed transformations ar
little relevance to the following amorphization as alarge
value ofdeformationis an inherent feature of the latter pro
cess.

B. High-pressure transformation of Cs2HgBr4

Although it is actually apparent that the details and ev
the occurrence of the amorphization process are sensitiv
the state of stress undergone by the samples~hydrostatic ver-
sus nonhydrostatic loading!, the precise role of nonhydro
static stress components is not clear. Our work shows
certain data provide an important information on the am
phization mechanism.

Figure 5~a! displays powder-diffraction patterns o
Cs2HgBr4 observed at various pressures undernonhydro-
staticconditions, during compression. As pressure increa
one observes both peak broadening and a remarkable
shift due to the large compressibility of the compoun
Above 11 GPa, the broad peaks merge into haloes, w
resemble those commonly observed in amorphous solids

FIG. 3. Reduced volumeV/V0 plotted vs pressure for the ortho
rhombic phase of single-crystalline Cs2HgBr4. Line is the best fit to
the second-order Birch-Murnaghan equation~1!.
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liquids. In Cs2HgBr4 pressure thus induces a dissipation
the long-range order of the crystalline state.

In order to investigate the reversibility of the amorphiz
tion process, the diffraction pattern was also measured w
decreasing pressure, as shown in Fig. 6. The haloes
systematically towards lower angles, indicating a decreas
density. The halo pattern persists until pressure is release
almost atmospheric pressure~0.3 GPa! where a sudden re
crystallization takes place~Fig. 6!. The recrystallized produc
is a mixture of the parent orthorhombic structure and of
monoclinic phase. The halo patterns were reproducibly
served~see the second compression cycle in Fig. 6! and the
recovered sample was invariably a two-phase mixture.

Solid-state amorphization in Cs2HgBr4 could be expected
since it was predicted earlier on the basis of a ‘‘si
criterion.’’11 According to this simple rule molecular com

FIG. 4. Representative diffraction patterns (l50.3738 Å) from
single-crystalline Cs2HgBr4 at different pressures~nujol as pressure
transmitting medium!: ~a! P50.3 GPa, ~b! P56.4 GPa, ~c! P
511.7 GPa. Asterisks mark the diffraction spots due to dimo
anvils.
4-3
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pounds of the typeA2BX4 amorphize if the (r B1r X)/r A
anion/cation size ratio exceeds the threshold value of ab
1.45. This is the case for Cs2HgBr4 where it equals 1.563.11

Although, at the first sight, our experimental observations
consistent with this rule, the example at hand may well
outside its range of applicability, as it presupposes crysta
graphic disordering in a hydrostatic sample environment

Figures 5~b! and 5~c! show the changes in the diffractio
pattern of Cs2HgBr4 with increasing hydrostaticity of the
sample environment. With paraffin oil as pressu
transmitting medium, amorphization sets in at about
freezing pressure; the peaks broaden and eventually m

FIG. 5. Pressure evolution of powder-diffraction pattern
Cs2HgBr4 as a function of hydrostaticity in the first compressi
cycle. ~a! Nonhydrostatic conditions~no pressure-transmitting me
dium!; ~b! in paraffin oil; ~c! in nitrogen. Asterisks in~c! denote N2

crystalline peaks.
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into haloes@Fig. 5~b!#. With N2 as pressure-transmitting me
dium, there is no sign of amorphization until the gas h
fully crystallized and its nonhydrostatic stress compone
come into play, producing amorphization of sample@Fig.
5~c!#. However, even at 30 GPa, the sample is far from
state which could be characterized as ‘‘glass-like.’’ It is im
portant to note that all transformations both in quasihyd
static and in hydrostatic conditions are reversible. We c
clude that nonhydrostatic stresses with their correspond
pressure gradients promote an effect in Cs2HgBr4 that re-
sembles dissipation of long-range order. A similar effect w
reported, for example, in quartz12 where improved hydrosta
ticity prevented the Bragg peaks from broadening, revea
in the process a two-phase mixture of a new monocli
phase and Quartz II instead of the previously reported am
phous state.

An important indication of the role of the mesoscop
state of a sample is provided by the experiment, discus
above, when a single-crystalline plate was immersed in p
affin oil. In variance with similar quasihydrostatic loading
powdered Cs2HgBr4 @Fig. 5~b!#, single-crystalline sample
compressed up to 13 GPa~maximal pressure achieved in th
corresponding experiment! demonstrates slightly broadene
well-shaped Bragg spots@Fig. 4~c!#. This observation seem
to be a good demonstration of the importance, for the P
effect in Cs2HgBr4, of both a granular sample form and th
existence of pressure gradients and deviatoric stresses i
pressure chamber.

The other important detail in the Cs2HgBr4 pressure-
induced conversion is its homogeneous character. One
see in Fig. 5 that broadening of diffraction peaks and th
mergence into diffuse haloes occurs without arising o
glass-like background. Such a background would be typ
for the heterogeneous nucleation of a new phase and is
trinsic for the chemical decomposition scenario of am
phization when, in a two-phase coexistence pressure ra
the decrease of intensity of the broaden crystalline pe
occurs along with the increase of amorphous backgro
~see, for example, observation in Ref. 13!.

IV. MODEL

In the case of well-crystallized samples, diffraction me
ods provide the most detailed information on the structu

f

FIG. 6. Reversible pressure evolution of the powder-diffract
patterns of Cs2HgBr4 under nonhydrostatic conditions~from bottom
to top!. The first cycle continues the process presented in Fig. 5~a!.
4-4
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PSEUDOAMORPHIZATION OF Cs2HgBr4 PHYSICAL REVIEW B 68, 144104 ~2003!
transformation mechanisms operative. Unfortunately, in
case of amorphization, poor quality of the diffraction spec
is inherent to the effect to be analyzed, and the struct
information to be retrieved from the spectra is of no gr
import. Fortunately, other, nondiffraction evidences a
available. For example, fast recovery of long-range order
ter pressure release~reversibility! is incompatible with the
mechanism of chemical decomposition, particularly at l
temperature. Also, if a nucleation stage, a characteristic
trinsic to diffusion-controlled solid-state reactions, is abse
chemical decomposition is again not the operative mec
nism. However, if amorphization occurs irrespective
whether the pressure environment was hydrostatic or
this is a good indication that decomposition is at work~see,
for example, Ref. 13!.

The reversibility of the amorphization process observed
Cs2HgBr4 as well as the lack of a nucleation stage a
speaks against the crystallographic mechanism. In partic
elastic instability, which as a potential mechanism for am
phization requires the existence of off-diagonal~nonhydro-
static! components in the stress tensor, also calls for the
istence of astrongly first-orderstructural phase transitio
prior to amorphization,14–16 and such a transition is not ob
served in Cs2HgBr4, at least not in the pressure range th
we studied.

In the following we will propose a mechanism for amo
phization, one which accounts well for most, if not all, th
diffraction features observed in Cs2HgBr4, such as line
broadening and their merging in haloes, lack of glass-l
background, and so forth.

In this model, the pressure-induced pseudoamorph
state is considered as arandomly deformed crystal, consist-
ing of nearly homogeneous crystalline regions, subject
random deformations. This random mesoscopic structur
quite similar to the structural glass state appearing at ph
transitions of crystals with compositional disorder.17 It only
differs by the size of the random deformations; in structu
glasses, spontaneous deformations are much smaller. As
fraction is one of the principal tools to characterize the am
phization process we will show in this section the validity
the model by simulating the corresponding diffraction p
terns.

Theoretical descriptions of the strength and distribution
random pressure-induced deformations are currently lack
it is nevertheless possible to describe the x-ray and neu
scattering in such pseudoamorphous phases in a phenom
logical way, assuming a chaotic distribution of the positio
and deformations of different, nearly crystalline regions. O
neglects the interference effects between the beams scat
by different crystallites and simply sum up their intensitie
This is equivalent to the usual averaging of the scatter
intensity of the~deformed! crystal over random deforma
tions. Phenomenological Gaussian distribution function
random deformations has been developed for the diffrac
in structural glass phases,17 and it can also be applied, as w
will now show, to the pressure-induced pseudoamorph
state, as long as one takes into account the large value
deformations in this case.

In the following we summarize the main features of o
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model. According to Ref. 17 we have for the average sc
tering intensity at transferred wave vectorQ

J~Q!'NduF~Q!u2G~Q!,

F~Q!5(
S

f S~Q!exp$ iQuS2WS~Q!%,

2WS~Q!5^~QũS!&T ,

G~Q!5K (
n

exp@ iQRn#L
ê

. ~2!

HereR n are vectors of the center of mass of unit cells
deformed crystal,

Rn5Rn
01êRn

0 ,

Rn
0 being the corresponding vectors in original lattice andê

is the tensor of random deformations.Nd is a number of
quasicrystalline regions. We have the ordinary expressi
for structural factorsF(Q) via atomic form-factorsf S(Q)
and vectorsuS , defining atomic positions in unit cell, as we
as the ordinary expressions for the Debye-Waller fact
WS(Q). We consider them as referring to the original crys
lattice because the effect of random deformations on th
quantities is negligible as compared to the effect of the s
of the cells positions.

The simplest supposition on the distribution function
random deformations is that it is Gaussian with zero me
^ei j &50 ~as we can include nonzero^ei j & in the definition of
Rn

0) and mean-square tensor of the general form^ei j ekl&
5Di j ,kl .

For this distributionG(Q) becomes

G~Q!5(
n

exp$ iQRn
02^~QêRn

0!2&/2%. ~3!

Considering large random deformations, we can neg
smearing of the spectrum due to the finiteness of quasic
talline regions and assume that summation in Eq.~3! is over
infinite lattice. ThenG(Q) can be transformed into~infinite!
sum over reciprocal lattice vectorsB of the original crystal,

G~Q!5
~2p!3/2

v0
AdetŜ~Q!

3(
B

expH 2
1

2
~Q2B!Ŝ21~Q!~Q2B!J . ~4!

Si , j~Q!5Di j ,klQkQl , ~5!

v0 is unit cell volume.
Equations~2!, ~4!, and ~5! define the scattering intensit

in pseudoamorphous phase, which is considered as a s
crystal trapped in randomly deformed state. Each membe
the sum in Eq.~4! represents broadened Bragg peak with
widths defined by the eigenvalues of matrixSi , j which grow
asQ2 at largeQ.

One should choose only the form of the mean-square
formation tensorDi j ,kl5^ei j ekl& to make quantitative esti
4-5
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mations. The present state of theory does not allow on
make some definite predictions about the form of this ten
relative to the original crystal structure and the geometry
applied pressure. So, to compare qualitatively the predict
of Eqs.~2!, ~4!, and~5!, we assume in the following that in
case of hydrostatic pressureDi j ,kl have the simplest isotropi
form,

Di j ,kl5DL2d i j dkl1DT2~d i l d jk1d ikd j l 22d i j dkl!. ~6!

Here DL25^exx
2 &5^eyy

2 &5^ezz
2 &, DT25^exy

2 &5^exz
2 &

5^eyz
2 &. Then

Ŝi , j
21~Q!5DL22Q24QiQj1DT22Q24~d i j Q

22QiQj !,

detŜ~Q!5DL2DT4Q6,

1

2
~Q2B!Ŝ21~Q!~Q2B!5

1

2DL2 S 12
QB

Q2 D 2

1
1

2DT2 S B2

Q2
2

~QB!2

Q4 D .

~7!

Here we may note that we can also obtain the scatte
intensity for powder diffraction by integrating the obtaine
single crystal intensity, Eqs.~2!, ~4!, and~5!, over directions
of Q. In case of isotropicDi j ,kl ~6! one can obtain the ap
proximate analytical expression for powder-diffraction inte
sity. To do this we note that only values ofF(Q) at Q5B are
relevant in the only interesting case when definite peaks
ist. So we can write approximately

J~Q!5
~2p!3/2Nd

v0
AdetŜ~Q!

(
B

uF~B!u2

3expH 2
1

2
~Q2B!Ŝ21~Q!~Q2B!J . ~8!

Then, substituting Eq.~7! here and integrating over direc
tions of Q, we get the expression for powder-diffraction i
tensity:

Jpowder~Q!5
2p2Nde1/2(DT22DL2)

v0DLDT2Q2AD
(
B

uF~B!u2

3B21expS 2
B2

2DT2Q2D
3$erf@AD/2~DL22D211B2Q22!#

2erf@AD/2~DL22D211B2Q22!#%, ~9!

D5DL222DT22.
It is evident that this equation can also describe the ef

of random deformations in the process of squeezing of c
tal powder. In this process there also appear random de
mations of crystalline particles due to random forces exe
14410
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between them. The distributions of such forces are int
sively studied in the theory of jamming granular matter18 and
some conclusive results have been obtained recently
uniaxial pressure case.19 It was shown that possible distribu
tion functions with varying asymmetry can be the Gauss
ones as well. Figure 7 shows the evolution of the sin
Bragg peak profile, in the process of crystal powder co
pression under nonhydrostatic conditions, described by
~9!. The form of spectra appears to be almost independen
the average shear deformationDT while DT2<DL!1. So
here we choose the simple caseDT5DL[D. One can note
two features of the transformation process from a narr
crystalline diffraction spot to a diffuse one:~i! considerable
asymmetric peak broadening and~ii ! shift of the profile
maximum toward lower angles. So Eq.~9! can give reason-
able ~qualitative! description of the diffraction on the
squeezed crystal powder.

Figure 8 compares the experimentally observed diffr
tion patterns with the ones simulated using the structure
tors of Cs2HgBr4 in Eq. ~9!. To obtain the spectrum in the
experimentally accessible range ofQ5(4p/ l )sinu we lim-
ited the sum in Eq.~7! to B vectors having indexes less tha
6. We also applied corrections for preferred orientation alo
@100# of the form exp(2Ow2),20 w being the angle betweenB
and @100# andO—an adjustable parameter. The experime
tally estimated compressibility of Cs2HgBr4 crystal was also
incorporated into the fitting procedure. From Fig. 8 one co
cludes that the evolution of simulated diffraction patter
corresponds sufficiently well to the observed ones, so a
lend credibility to our model of crystal amorphization b
inhomogeneous deformation. If needed one could impr
the fit between observed and simulated spectra by vary
the size of homogeneously deformed domains~a source of
additional peak broadening! and by accounting for correlate
atomic displacements~peak intensity correction!.

The features expected of such pseudoamorphiza
~amorphization without structural disordering! are those ob-
served in Cs2HgBr4; namely: ~i! Dissipation of long-range
order produced by the mechanical deformation is a revers
process as after pressure release and stress relaxation
range order returns.~ii ! The transformation process evolve
gradually and simultaneously everywhere in the sample v
ume, with the result that the diffraction peaks broaden wi
out the appearance of a glass-like background in the diffr
tion patterns.~iii ! The proposed mechanism is operative on
if compression is nonhydrostatic.

FIG. 7. Single Bragg peak profile evolution as a function of t
mean-square random deformationD5DT5DL ~see text!.
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V. CONCLUSION AND OUTLOOK

The present study offers an explanation for pseudoam
phization, as observed in compressed Cs2HgBr4. The model,

FIG. 8. Experimental diffraction patterns of Cs2HgBr4 collected
at different pressures~a! compared with the corresponding patter
~b! simulated in the framework of the model of an inhomog
neously deformed crystal.
r,

n

.

ro

-

14410
r-

in its simplest form, simulates the sample heterogeneity
the form of a random distribution of homogeneously d
formed crystalline domains, and employs the Gaussian-t
distribution function for the amplitudes of the deformatio
induced in the sample by deviatoric stresses. The model d
not depend to any significant degree on the short-range o
in the crystal. Despite these limitations it describes su
ciently well the observed broadening of the crystal diffra
tion peaks and their merger into diffuse glass-like haloes
pressure increases.

Although pseudoamorphization imposes no special
strictions on the sample characteristics, it is clear that
materials possessing large compressibility are more sus
tible to the effect, as this is the case for the Cs2HgBr4 crystal
with K0T

BM56.1 GPa. However, in the low compressib
compounds pseudoamorphization can be triggered at a m
erate pressure by a strongly first-order structural transit
The conflict between internal stresses, induced in the sam
by the transformation, and external deviatoric stresses
result into inhomogeneously distorted frustrated state dev
of a crystallinity, which seems to be the case for quartz h
ing the bulk modulusK0T

BM537.12 GPa.12,21 The present
model is thus applicable to a larger variety of compoun
than discussed in this paper.
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