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We report the existence of a reversible pressure-induced first-order phase transition between the zinc-
blende (83) and the NiAs (88) phase in the beryllium chalcogenides BeSe and BeTe at pressures of
56+5 GPa and 35+5 GPa, respectively. The NiAs phase remains stable in both compounds with further
pressure increase up to at least 72 GPa in BeSe and 53 GPa in BeTe. For BeTe, an amorphous phase was
observed upon decompression in the pressure range from 47 to 32 GPa. The equation of state is deter-
mined for each compound. We discuss the systematic trends of the structural phase transition, the sta-
bility of the NiAs structure, amorphization, as well as metallization in the beryllium chalcogenides.

I. INTRODUCTION

Recent observations of pressure-induced structural
phase transition in SrSe, ' three calcium chalcogenides
CaX (X=S, Se, Te) (Ref. 2) and MgTe (Ref. 3) have left
the beryllium chalcogenides BeX (X=O,S,Se,Te) and
three magnesium chalcogenides MgX (X=O,S,Se) the
only unknown members in the entire IIA-VI series in re-
gard to high-pressure phase-transition sequence. For all
the IIA-VI compounds investigated so far, a first-order
phase transition from the sixfold-coordinated NaC1
(rocksalt) phase to the eightfold-coordinated CsC1 phase
has been found except for MgO and BaO where this tran-
sition has not yet been observed in the experiments. '

The NaC1-type IIA-VI compounds are mostly ionic in
bonding character and have exhibited a systematic rela-
tionship between the transition pressure and ionic radius
as summarized in Refs. 2 and 6.

Among the chalcogenides of Group IIA elements (Be,
Mg, Ca, Sr, Ba), only BeS, BeSe, and BeTe crystallize in
the fourfold-coordinated cubic zinc-blende (zb) structure
(sphaldrite). The rest have the sixfold-coordinated NaC1
(also cubic) structure except for BeO and MgTe, which
adopt the fourfold-coordinated wurtzite (hexagonal)
structure. A distinguished feature in the beryllium (Be)
compounds is that the cations (Be ions) are extremely
small as compared to the anions except in BeO. This
leads to an excess of the critical ratio of ionic radii, 4.45,
for the zb structure in all three Be compounds with the
zb structure: BeS, BeSe, and BeTe, implying that they
are no longer as ionic as the other IIA-VI compounds. In
fact, the Be compounds are more covalent than ionic
with the Phillips ionicities ranging from 0.169 in BeTe to
0.312 in BeS. The characteristics of Be compounds in
structure and bonding make them analogous to the
Group III-V semiconductors which have been extensively

studied at high pressure over the past many years. The
Be compounds are featured by having large band gaps
ranging from about 2.7 to 5.5 eV, high bulk moduli, and
lattice constant matches with GaAs and ZnSe. '

Regarding the pressure-induced phase transition in the
zb compounds of the III-V series, the NaC1 and P-Sn are
the two most common structures observed typically
below 20 GPa. Very recently, the sixfold-coordinated
hexagonal NiAs (88) structure was found in the zb com-
pounds A1As and A1P at high pressure. "' Typically,
the relative volume decrease at the fourfold to sixfold
structural transformation is around 17%%uo and the high-
pressure phases are all metallic.

To the best of our knowledge, there had been no re-
ported experimental work on BeS, BeSe, and BeTe at
high pressure before this study. For the other two
tetrahedral IIA-VI compounds MgTe and BeO, the wurt-
zite structure becomes unstable in the former at a very
low pressure and is stable in the latter to, at least, 55
GPa' The experimental results of BeO are in disagree-
ment with the theories which predicted that BeQ would
transform to the NaC1 phase at 20 GPa (ab initio pseudo-
potential calculations' ' ) or at 40 GPa (potential-
induced breathing model' ).

The Be compounds are particularly similar to the bo-
ron (B) compounds BN, BP, and BAs of the III-V series
in that both have the same crystal structure at ambient
conditions, wide band gaps, and high bulk moduli. All of
the three B corn.pounds were expected to transform to the
sixfold-coordinated structure in the megabar region' but
no experimental confirmation has been achieved. Thus,
understanding the high-pressure structural behavior of
the Be compounds is significant in that it could provide a
clue on the high-pressure behavior of the 8 compounds
and hence motivate further experimental and theoretical
work on these compounds.

This paper presents the results of the first high-
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pressure experimental study on the two Be chalcogenides
BeSe and BeTe to 72.1 and 53.0 GPa, respectively. The
major results of this study include determinations of crys-
tal structure of the high-pressure phases and the equa-
tions of state. This work is a part of our global investiga-
tion of the structural and electronic properties of the
Groups II-VI and III-V compounds under static
compression.

II. EXPERIMENTAL

A. Sample synthesis

BeSe and BeTe samples were synthesized by the reac-
tion of beryllium foil (99.999%%uo pure) with selenium
powder (99.999%%uo pure) or tellurium powder (99.99%%uo

pure) in an alumina crucible sealed in an evacuated
quartz tube at 1200'C for 48 h. The x-ray-diffraction
data indicated that both samples had the zb structure
with fairly good interplanar spacing and intensity agree-
ments with the calculated values. The purity of sample
was estimated to be higher than 98%%uo based on the x-ray-
diffraction data. Both samples also showed sharp vibra-
tional phonon signals when examined by Raman spec-
troscopy. The BeSe sample had a light gray color and
was transparent in the visible range, while the BeTe sam-
ple appeared in a light brown color and was opaque.

B. DAC preparation and EDXD measurements

Diamond-anvil cells (DAC) were used to generate stat-
ic compression on sample. The sample was ground into
fine powder and loaded into the DAC. A small amount
of gold powder was placed in the center region of the
sample which served as an internal prcssure marker. The
pressure was determined by the isothermal equation of
state of gold obtained from the shock-wave method. ' In
detail, the converted bulk modulus of gold B0=177.3
GPa and its first-order pressure derivative Bo =4.77 were
used in the two-parameter Birch equation shown in the
next section. The BeSe and BeTe samples were studied in
two DAC's with diamond Aats of 200 and 450 pm in di-
ameter, respectively. No pressure medium was used with
the sample and the state of stress in the sample was con-
sequently nonhydrostatic. The nonhydrostaticity in a
sample under a uniaxial compression has been approxi-
mately analyzed for the cubic symmetry. '

The energy-dispersive x-ray difFraction (EDXD) mea-
surements on BeSe and BeTe were performed at the Cor-
nell High Energy Synchrotron Source (CHESS). The de-
tails of the EDXD techniques are given in Refs. 19 and
20. The diffraction data were collected at a Bragg angle
of 6.378' for BeSe and 6. 137' for BeTe. All the measure-
ments presented in this paper were carried on at room
temperature.

III. RESULTS

In this section, we show the results of BeTe first be-
cause it is representative by having the largest difference
between the anion and cation radius among a11 the zb
compounds.

TABLE I. List of the observed interplanar spacings d and in-
tensities I in BeTe at a pressure of 37.1 GPa along with the cor-
responding theoretical values based on the zb structure. The
measured lattice constant at this pressure is a =5.064+0.001 A.
The method of the relative intensity calculation has been de-
scribed in Ref. 19.

(hkl) d„), (A)d,b, (A) I,b, (%) r,.„(%)
(111)
(200)
(220)
(311)
(222)
(400)
(331)
(420)

2.922
2.538
1.796
1.527
1.463
1.267
1.167
1.129

2.924
2.532
1.790
1.527
1.462
1.266
1.162
1 ~ 132

100.0
40.9
14.0
14.9
8.3
1.3
2.9
2.8

100.0
57.5
55.3
52.5
12.9
5.5

12.0
9.2

A. Beryllium telluride

The lattice constant of BeTe at 1 atm measured by this
work is ap =5.617+0.001 A in deviation of 0.01 A from
an earlier value of 5.6269+0.0005 A. We do not know
why there exists such a deviation. Certainly, the sample
quality is one reason, and the measurement error is the
other. The zb phase of BeTe is stable with increasing
pressure up to about 37.1 GPa. The measured relative
volume V/Vo at this pressure is 0.733. A diffraction
spectrum at this pressure is shown in Fig. 1(a). The inter-
planar spacings (d ) and integrated intensities (I ) are list-
ed in Table I along with the corresponding values from
the calculation. The intensity comparison between the
measured and calculated values presented in Table I im-
plies that the sample was textured along the (111)direc-
tion under compression.

In addition to the diffraction peaks from the sample
and gold (Au), the fluorescence of tellurium (K&), and the
escape peaks from the Ge detector (e ), we also observed
one weak peak labeled as Te at 23.8 KeV in Fig. 1(a).
This weak peak appeared first above 3 GPa on the lower
energy side of the BeTe (200) peak in each of the two
separate experiments on BeTe. Since this unknown peak
shifted much faster with pressure than any of the
diffraction peaks from the sample and, particularly, was
still present in the diffraction spectra of the transformed
sample as shown in Figs. 1(b) and 1(c), it is not likely it
was a diffraction peak from any high-pressure phase of
BeTe. We attribute this peak to the diffraction from a
small amount of unreacted tellurium metal in the sample.

When the pressure was increased to 39.3 GPa, there
was a dramatic change in the diffraction pattern as shown
in Fig. 1(b). The first two peaks (111)and (200) from the
zb phase were still visible but much weaker at this pres-
sure and disappeared above 43 GPa, indicating that BeTe
was in a coexistence of two phases between 39 and 43
GPa and transformed to a single phase above 43 GPa.

The new diffraction spectra above 39 GPa can be in-
dexed well to the NiAs structure (space group P63/mme )
that has a hexagonal unit cell containing two pairs of
BeTe units. At 39.3 GPa, at which the NiAs phase was
first observed, the measured lattice constants of the hex-
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TABLE II. List of the observed interplanar spacings d and
intensities I of BeTe at a pressure of 45.8 Gpa along with the
theoretical corresponding values based on the hexagonal NiAs
structure. The measured lattice parameters at this pressure are
a =3.418+0.001 A, c =5.496+0.001 A, and c /a = 1.608.

(hkI )

(100)
(002)
(101)
(102)
(110)
(103)
(112)
(201)

dob. (A)

2.968
2.748
2.602
2.015
1.710
1.554
1.450
1.431

d„i, (A)

2.960
2.748
2.606
2.014
1.709
1.558
1.451
1.429

I,b, (%)

12.1

38.6
100.0

2.7'
50.4

—1

19.9
15.5

I0~~0 (-%)

15.0
21.3

100.0
22.4
46.4
19.4
18.7
14.3

'The energy of this line happened to be just above the absorp-
tion edge of tellurium, resulting in an exceptionally low intensi-

ty as compared to the calculated value.
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agonal cell are a =3.423+0.001 A, c =5.528+0.001 A,
and c/a =1.615. The measured diffraction intensity fits
the best with the following basis in the unit cell: Te ions
at (1/3, 2/3, 1/4) and (2/3, 1/3, 3/4); and Be ions at (000)
and (0, 0, 1/2). It should be noted that the atomic sites in

the NiAs structure are not equivalent or interchangeable
for cations and anions. Since the c/a ratio (=1.615) in
the NiAs structure is very close to the ideal value of
1.633, the Te ions form a hexagonal close-packed (hcp)
lattice, whereas the Be ions occupy the octahedral sites in
a simple hexagonal arrangement. Figure 1(c) shows a ful-

ly transformed sample di6'raction spectrum at 45.8 GPa,
and Table II lists the measured and calculated d spacings
and intensities in BeTe at the same pressure. Comparing
Table II with Table I, we notice that the degree of textur-
ing is reduced in the NiAs phase.

The c/a ratio in the NiAs phase remained unchanged
with increasing pressure and no further phase transfor-
mation was found up to at least 53 GPa, the highest pres-
sure attempted for BeTe. It should be noted that an in-
creasing intense background appeared between 20 and 25
KeV and the diIIFraction peaks became broad after the
phase transition [see Figs. 1(b) and 1(c)]. This could indi-
cate an onset of a disordered structure associated with
the phase transition. In the coexistence of the zb and
NiAs phases at 39.3 GPa, the relative volume V/Vo is
0.714 for the zb phase and 0.633 for the NiAs phase. The
relative volume decrease —[b, V/V(zb )] at the transition
on uploading is consequently 11.3%.

%'hen the pressure was released, BeTe remained in the
NiAs phase only for a narrow pressure range of about 5
GPa. At 50.3 GPa, the sample di6'raction became very
weak and was barely indexed to the NiAs structure [see
Fig. 2(a)]. In the pressure range from about 47 down to
32 GPa, no BeTe di6'raction peak was recorded. On the
contrary, the difFraction from the gold powder used as a
pressure marker remained strong throughout the experi-
ment. A selected difFraction spectrum at 35.6 GPa is
shown in Fig. 2(b). From the view of x-ray diffraction,

Mixture
at 39 GPa

I I I I I I I

BeTe: decompression from 53 GPa
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(a) BeTe zb phase
at 37 GPa
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at
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(c) B3 phase

at 30 GPa

15 3020 25 35 45
Energy (keV)

FIG. 1. EDXD spectra of BeTe around the zb (B3) to NiAs
(B8) transition during compression. Au stands for the gold
diffraction lines: e for the escape peaks; Te for the tellurium
metal; and 6 for the Auorescence (I( &) of tellurium. In all three
patterns, the strong Xa lines of tellurium at 27.19 and 27.46
KeV are not shown for clarity. The phase assignment is indicat-
ed in each spectrum.

15 18 21 24 27

Energy (keV)

FIG. 2. EDXD spectra of BeTe during decompression: (a) at
50 Gpa and indexed to the NiAs (B8) structure; (b) at 36 GPa
and assigned as an amorphous phase; and (c) at 30 GPa and in-
dexed to the zb (B3) structure.
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FIG. 3. Plot of the relative volume V/Vo versus pressure for
BeTe. Only the uploading data are shown here. The solid lines
are the plots of the Birch fit. The relative volume decrease at
the transition is 11.3%.
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the featureless diffraction spectrum at 35.6 GPa indicates
that BeTe is in an amorphous phase. A brief discussion is
given in Sec. IV on the likely reasons for BeTe to trans-
form to an amorphous phase.

When the pressure was further released to 30.2 GPa,
BeTe suddenly transformed back to the original zb phase
and exhibited fairly good diffraction peaks as shown in
Fig. 2(c). Thus, the equilibrium zb to NiAs transition
pressure (an average value of uploading and downloading
transition pressures) in BeTe is determined to be 35+5
GPa. Because of the kinetic effects in the pressure-
induced phase transition, the equilibrium transition pres-
sure determined here (i.e., 35 GPa) should be referred in
comparison with theoretical calculations.

The pressure-volume (P-V) relation of BeTe is plotted
in Fig. 3, along with a fit to the two-parameter Birch
equation '

FIG. 4. EDXD spectra of BeSe around the zb (B3) to NiAs
(88) phase transition on uploading.

row spectral range is plotted in Fig. 4 because the rest
part of spectra contains strong diffraction peaks from the
tungsten/rhenium gasket. The phase transition in BeSe
started at about 61 GPa and completed at about 69 GPa.
At 72.1 GPa, the highest pressure attempted, BeSe was in
a single phase fully indexed to the NiAs structure with
a =3.123+0.001 A c =4.955+0.001 A and c/a = 1.587.
The diffraction intensity data supports the following basis
in the hexagonal unit cell: the anions (Se ions) at posi-
tions of (1/3, 2/3, 1/4) and (2/3, 1/3, 3/4), and the caions
(Be ions) at positions of (000) and (0, 0, 1/2).

P= —80(x7 —x )[1+,'(Bo —4)(x ——1)], (1)=3 73
1.0 I

BeSe

where x = Vo/V, 80 is the isothermal bulk modulus at
zero pressure, and 80 is the first-order pressure derivative
of the bulk modulus evaluated at zero pressure. Both zb
and NiAs phases have nearly the same value of Bo deter-
mined to be 67+1 GPa when 80 is fixed at 4. The extra-
polated relative volume of the NiAs phase at zero pres-
sure is Vo(NiAs)/Vo(zb) =0.88.

B. Beryllium selenide

0.9

0.8

)
0.7—

0.6—
B8

The BeSe sample was in a single phase of the zb type
with ao=5. 137+0.001 A in good agreement with the

0
literature value of 5.139 A. The phase transition se-
quence in BeSe was found to be the same as in BeTe in
both uploading and downloading cases except that no
amorphous phase was observed.

Three selected spectra around the zb to NiAs phase
transition on uploading are shown in Fig. 4. Only a nar-

20 40

Pressure (GPa)
60 80

FIG. 5. Plot of the relative volume V/Vo versus pressure for
BeSe. The solid line in the zb (83) phase is the plot of the Birch
fit. The solid line in the NiAs (B8) phase serves as a guideline
for the eyes.
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TABLE III. List of the observed interplanar spacings d and
intensities I of BeSe at a pressure of 50.2 GPa along with the
theoretical corresponding values based on the zb structure. The

0
measured lattice constant at this pressure is a =4.647+0.001 A.

(hkl )

(111)
{200)
(220)
(311)
(222)
(400)

d.„-(A)

2.683
2.327
1.646
1.403
1.345
1.164

d„i, (A)

2.683
2.323
1.643
1.401
1.341
1.162

I,b, (%)

100.0
11.9
6.4
4.7
2.2
3.5

I,.„(%)
100.0
55.2
47.5
43.0
10.4
4.2

IV. DISCUSSIGN

Including the present results, the zb to NiAs structural
transformation has been observed in four compounds
A1P, A1As, BeSe, and BeTe in the entire binary II-VI and
III-V systems. In terms of chemical bonding, each of
these four compounds has a small value Phillips ionicity
f; ~ 0.307. While the other zb compounds with

TABLE IV. List of the observed interplanar spacings d and
intensities I of BeSe at a pressure of 72.1 GPa along with the
theoretical corresponding values based on the hexagonal NiAs
structure. The measured lattice parameters at this pressure are
a =3.123+0.001 A, c =4.955+0.001 A, and c /a = 1.587.

(hkl) d, l,. (A) d„„(A) r,.„(%)I,b, (%)

(100)
(002)
(101)
(102)
(110)
(103)
(112)
{201)

2.696
2.476
2.375
1.834
1.559
1.414
1.322
1.300

2.705
2.477
2.374
1.827
1.562
1.410
1.321
1.305

14.8
40.2

100.0
6.3

26.3
6.6

10.8
4.9

14.0
20.3

100.0
21.9
42.5
17.4
14.3
11.7

In the beginning of the two phase mixture at 61.3 GPa,
the relative volume is 0.716 for the zb phase and 0.632 for
the NiAs phase. The relative volume decrease at the zb
to NiAs transition is therefore 11.8%%uo. Tables III and IV
list the d and J data for the zb and NiAs phase at 50.2
and 72.1 GPa, respectively. Similar to what happened in
BeTe, the high-pressure NiAs phase was less textured
than the low-pressure zb phase in BeSe.

The P-V relation of BeSe is plotted in Fig. 5 with a fit
of the Birch equation [Eq. (1)] shown by the solid line.
The resulting value of 80 is 92.2+1.8 GPa when Bo is
fixed at 4. No fitting was made for the NiAs phase be-
cause of the lack of data points in that phase.

In contrast to that in BeTe, there was no amorphous
phase formed in BeSe on downloading. The reverse tran-
sition from the NiAs back to the zb phase occurred at
50.5 GPa. Thus, the equilibrium zb to NiAs transition
pressure in BeSe is determined to be 56+5 GPa.

f; ~0.307 often transform to the NaC1 [e.g. , InAs (Ref.
23)] or the P-Sn structure [e.g., GaP (Ref. 24)]. The bo-
ron compounds BN, BP, and BAs are analogous to A1P,
A1As, BeSe, and BeTe in structural and bonding aspects,
and, therefore, are likely to transform to the NiAs struc-
ture eventually at high pressure. Theoretically, the three
boron compounds were expected to transform to the
NaC1 structure, ' which has a very small total-energy
difference from the NiAs structure. To find out which
structure the boron compounds will transform to would
be of considerable experimental and theoretical interest.

For both BeSe and BeTe, the zb structure becomes un-
stable at a volume reduction V/Vo =0.715 and the tran-
sition is accompanied by a relative volume decrease of—hV/V=11. 5%%uo, the smallest volume collapse ever ob-
served at the first-order fourfold —sixfold phase transition.
The average value at this type of transition is around
17%. Small volume collapses at transition also exist in
CaSe and CaTe, where the sixfold —eightfold phase tran-
sition has a relative volume decrease of 7.7 and 4.6%%uo, re-
spectively, in comparison to a typical value of 12%%uo at
this type of transition. One common feature of these
compounds with small volume collapses at transition
(BeSe, BeTe, CaSe, CaTe) is that the cations are much
smaller than anions. As a result, the interionic Coulomb
interaction is ineffective in these compounds and the
Pauling repulsive force between the large anions resists
the reduction of the cation-anion distance and hence the
collapse of volume at the transition. Quantitatively, our
diffraction results show that the nearest Be-ion and Te-

0
ion distance increases notably from 2.17 to 2.41 A at the
transition from the zb to the NiAs structure.

Up to date, only those NiAs structures with c/a ratios
greater than the ideal value 1.633 have become unstable
under compression [e.g., FeS and FeSe, MnTe, and
BaO (Ref. 4)]. The NiAs structure in BeSe and BeTe has
a c/a ratio of 1.587 and 1.615, respectively, and is, there-
fore, expected to remain stable in a large pressure range.
Further experimental and theoretical efforts are needed
on the stability of the NiAs structure.

We do not know if the fourfold to sixfold structural
transformations in BeSe and BeTe is accompanied by an
insulator to metal transition, although such an electronic
transition has taken place in many other, if not all, first-
order structural changes in the III-V and II-VI com-
pounds investigated so far. On one side, it is likely that
the high-pressure NiAs phase in BeSe and BeTe has be-
come metallic for the NiAs structure has always been
adopted by metallic and intermetallic compounds at ei-
ther ambient or high-pressure conditions. On the other
side, however, the two Be compounds are special in that
both have a large band gap and experience a relatively
small volume collapse at the transition. As a result, a
nonmetallic NiAs phase is likely in BeSe and BeTe. If so,
the current observation would serve as the first exception
in which a NiAs phase is not metallic. Visual examina-
tions were made under a microscope on both samples at
their highest compression with no metallic appearance
observed. Further optical and/or electrical measure-
ments are needed in order to conclude this issue.

This work is significant for a systematic understanding
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of the pressure-induced structural phase transition in
binary systems. Now, only BeO, BeS, BN, and BP
remain experimentally unknown in regard to their high-
pressure sixfold-coordinated structures in the entire IIA-
VI and III-V tetrahedral systems. Based on the transi-
tion sequence found in BeSe and BeTe, BeS is expected to
transform to the NiAs structure; and based on the
theoretical calculations, the rest (BeO, BN, and BP) are
predicted to adopt the rocksalt (NaC1) structure. '~'6

It is known that there exist relationships between phase
transition sequence and lattice constant, and between
bulk modulus and nearest-neighbor distance in a homolo-
gous series. For the ionic calcium and strontium chal-
cogenides, the transition pressure and bulk modulus were
found to follow simple relations with the ionic radius and
the lattice constant. ' For the III-V zb compounds, an
empirical formula Bc= 1761d, where Br, is the bulk
modulus and d is the nearest-neighbor distance, gives Bp
values very close to the measured ones. For the Be chal-
cogenides, three bulk moduli were measured by x-ray
diffraction except for BeS. By fitting the three known Bp
to the same type of relationship as for the III-V com-
pounds, we obtained Bp=868d . The computed Bp
is within +3%%uo from the measured value for each of the
three Be compounds and is 105 GPa for BeS. Using this
value with 8& =4 in the Birch equation [Eq. (1)] and as-
suming V/VD =0.715 at the phase transition, we expect
BeS to transform to the NiAs phase at P, =69 GPa on
uploading. The estimated transition pressure for BeO is
P, = 139 GPa, which may not be accurate since BeO has a
wurtzite structure other than a zb type and is much less
covalent than the other three Be compounds.

Finally, we discuss the observed amorphous phase in
BeTe during decompression. Pressure-induced
crystalline-to-amorphous transition has been observed in
a number of solids of different forms, including semicon-
ductors [GaAs, GaP, and BAs (Ref. 30)], molecular
solids [C6H6 (Ref. 31) and sulfur ], and large band-gap
insulators [SiOz (Ref. 33) and CaSiO& (Ref. 34)]. Some
amorphous phases are intermediate states in transition
between two crystalline phases (sulfur on uploading,
and GaP on downloading ), and others are metastable
phases created on either uploading or downloading and
persist even back to the ambient conditions [GaAs,
BAs, and C6H6 (Ref. 31)]. In general, amorphization at
high pressure and/or low temperature is ascribed to the
kinetic reasons such as potential barriers between crystal-
line energy states. In BeTe, where an amorphous phase is
formed on decompressing from about 47 to 32 GPa, the
kinetic barrier is high for the reverse transition from the

NiAs to the zb phase for the following reason. In BeTe,
the cations are so small that the anions are repelled from
getting close to the cations by the overlap of their own
charge distributions. The strong repulsive force among
anions in BeTe also explains why it has the largest hys-
teresis (i.e., kinetics) of about 10 GPa in the reverse trans-
formation among the IIA-VI compounds.

V. CONCLUSIONS

In conclusion, we have obtained the following results
from the high-pressure EDXD experiments on BeSe and
BeTe.

(1) BeSe transforms from the zinc-blende to the NiAs
phase at 61.3 GPa on uploading with a relative volume
decrease of 11.8%%uo at the transition. The NiAs phase is
stable up to at least 72.1 GPa. This transition is reversi-
ble with large hysteresis of about 10 GPa. The bulk
modulus of BeSe is determined to be 92.2+1.8 GPa when
the Bp fixed at 4.

(2) BeTe transforms from the zinc-blende to the NiAs
phase at 39.3 GPa on uploading with a relative volume
decrease of 11.3%%uo at the transition. The NiAs phase is
stable up to at least 52.9 GPa. Upon a release of pres-
sure, BeTe first transforms to an amorphous phase at
about 47 GPa and then to its original phase at 30.2 GPa.
The bulk modulus of BeTe is determined to be 66.8+0.7
GPa when the Bp fixed at 4.

(3) For both BeSe and BeTe, the zinc-blende structure
becomes unstable at a relative volume of 0.715+0.001.
The volume collapses (or decreases) at the phase transi-
tion are significantly smaller than that in most other four-
fold to sixfold phase transitions. We expect the NiAs
phase in both BeSe and BeTe to be stable over a large
pressure range.

(4) Based on the phase-transition trends found in BeSe
and BeTe, we expect BeS to transform to the NiAs phase
at about 69 GPa. This needs to be verified experimental-
ly.

(5) This work raises an important question about the
electrical property of BeSe and BeTe in the NiAs phase.
Further optical (absorption and reflection) and electrical
resistance measurements are needed.
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