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Experimental observations of large changes in electron density distributions in β-Ge
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The electron density distributions in β-Ge have been experimentally determined at in situ high-pressure
conditions using synchrotron diffraction techniques in a diamond anvil cell. Upon decompression, the electron
density along the c axis in tetragonal β-Ge displays a sudden drop at 10–11 GPa close to that of the structural
α-β transition, while the β-Ge samples remain as single crystals until transforming to metastable Ge phases
around 6.7–8.5 GPa. In contrast to the covalently bonded α-Ge that displays only a weak participation of d
electrons in the valence band under compression above 7.7 GPa, our experimental results suggest that a large
change in d-orbital participation can occur in the β-Ge lattice which has mixed covalent and metallic bonding.
The β-Ge below 10 GPa may display large fluctuations in electronic properties, which sheds light for exploring
novel materials with intriguing electronic and optical properties.
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I. INTRODUCTION

Under pressure, Ge undergoes a semiconducting-metallic
transition around 11 GPa from diamond structure (α-Ge) to
β-tin structure (β-Ge). Similar transitions are also observed
in Group IV elements (Si, α-Sn), III-V compounds (GaP,
AlSb, GaSb, InSb, GaAs), and II-VI compounds (ZnS, ZnSe,
CdTe) at high pressures [1–6]. The α-β transition in Ge is
accompanied by a large change (∼19%) in molar volume and
a sudden increase in metallic character in the bonding [7,8].
One important feature of the α-β transition is the participation
of 4d electrons in bonding in β-Ge, by breaking the sp3

directional bonding in α-Ge [9–15]. In the metallic β-Ge, the
Ge atom is approximately sixfold coordinated, with four cova-
lently bonded along the ab plane and two metallically bonded
along the c direction. Under decompression, the α-β transition
is irreversible, with metastable phases observed upon pres-
sure release [16,17], except one report [18] where the back
transformation to α-Ge is observed. Several metastable phases
(such as rhombohedral r8-Ge, body-centered cubic bc8-Ge,
hexagonal diamond hd-Ge, and simple tetragonal st12-Ge) are
reported to occur upon decompression [19–23], with attractive
electronic and optical properties [14,22]. The formation of the
metastable phases is related to the experimental pathways and
the hydrostatacity of the sample environment. For example,
quasihydrostatic conditions result in the nucleation of r8-Ge,
followed by bc8-Ge and hd-Ge, while the presence of shear
yields st12-Ge [17].

Recently, the electron density distributions (EDDs) in α-Ge
under compression show that the sp3 bonding is enhanced
with increasing pressure up to 7.7 GPa, above which an
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increased participation of d electrons in the valence band
occurs [24]. This result suggests that the electronic changes
happen at pressures far below the structural α-β transition
pressure (∼11 GPa), with the weakening of the covalent
bonds preceding the structural phase transition. On the other
hand upon decompression, β-Ge can exist at pressures below
11 GPa, and eventually transform to a metastable r8-Ge at 6–
8 GPa under hydrostatic conditions [17,25]. Simulations also
show that transformation back to energetically more favorable
α-Ge is inhibited by higher-enthalpy barriers [10,16]. Despite
decades of effort, a couple of questions remain regarding
the changes of electronic states across the structural α-β
transition: What is the nature of d orbitals in β-Ge at pressures
below the structural α-β transition pressure at ∼11 GPa?
Does the population of d orbitals in β-Ge change abruptly or
progressively with the gradual increase of covalent bonding
upon decompression?

In principle, high-quality single-crystal diffraction data
can provide information of EDDs to address these ques-
tions. However, when an α-Ge single crystal is compressed
at pressures above 11 GPa at room temperature, the single
crystal will be destroyed due to the α-β transition with
the transformed β-Ge in polycrystalline form [24]. In or-
der to perform single-crystal diffraction studies on β-Ge,
we have developed routes to synthesize single crystals or
coarse grains of β-Ge in a diamond anvil cell (DAC). We
report the experimentally determined EDDs in β-Ge from
single-crystal x-ray diffraction (XRD) and multigrain XRD
measurements under in situ high-pressure conditions. Upon
decompression, the participation of d orbitals in the valence
band in β-Ge is found to decrease abruptly at ∼10–11 GPa,
even though the β-Ge samples still remain as single crystals
with a high crystallinity. Contrary to the results of α-Ge upon
compression [24], where only weak d orbitals are observed
in the valence level in the stability field of α-Ge at pressures
of 7.7–11.0 GPa, the result of β-Ge under decompression
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FIG. 1. Typical diffraction images of (a) single-crystal β-Ge at 8.7 GPa and (b) multigrain β-Ge at 7.2 GPa. Red dots in the images are the
reflections from diamond anvils. The insets are the photos for the corresponding samples, taken under a microscope, showing the Ge samples
at the central region with a few ruby balls away from the center. The chamber size in the photos is around 80 μm in diameter.

suggests that a large change in d-orbital participation in
bonding can occur in the β-Ge lattice.

II. EXPERIMENTAL PROCEDURES

An α-Ge single-crystal sample (Hefei Kejing Materials
Technology) was cut into a rectangular piece of approximately
20 × 30 μm2 and 7 μm thick, and subsequently loaded into
a DAC with a large opening angle of 4ϑ = 60◦. The culet
size of the anvils is 300 μm. A 250-μm-thick Re gasket
was preindented to 35 μm thick with a hole of 120 μm
in diameter at the center of the indentation as the sample
chamber. Neon was used as the pressure-transmitting medium.
The DAC was loaded together with several small ruby balls for
pressure determination by the ruby fluorescence method [26].
The β-Ge samples were obtained by pressurizing α-Ge to
above 11 GPa. We subsequently heated the β-Ge samples by
applying double-sided laser-heating [27] with a heating spot
of ∼50 μm in diameter to a temperature ∼1000 K for at least 1
min. By gradually decreasing the laser power, the temperature
was reduced to room temperature in 50 min. As a result, we
obtained a single-crystal β-Ge sample [Fig. 1(a)]. In a sepa-
rate synthesis, we annealed the polycrystalline β-Ge sample
at 13.8 GPa using a resistively heated holder to heat the entire
DAC to 633 K for 10 h. After the entire assembly was cooled
down to room temperature in about 1 h, the sample pressure
changed to 14.2 GPa. The annealed β-Ge sample displayed
spotty diffraction patterns suggesting multiple coarse grains
of 3–5 μm in size [Fig. 1(b)].

The XRD experiments were performed at the 16-BM-D
beamline at the Advanced Photon Source. A monochromatic
beam with a wavelength of 0.309 98(3) Å was focused to a
beam size of about 5 × 10 μm2 at full width at half maximum
(FWHM) in horizontal and vertical directions, respectively.

Three independent single-crystal XRD runs (SC1, SC2, SC3)
and two multigrain XRD runs (MG1, MG2) were conducted
under compression and decompression pathways, all at room
temperature (Fig. 2). The pressure pathways for the SC1,
SC2, and SC3 runs were compression from 13.6 to 26.5 GPa,
compression from 10.9 to 34.8 GPa followed by decompres-
sion from 34.8 GPa to ambient pressure, and decompression
from 14.1 to 6.4 GPa, respectively. The pressure pathways
for the MG1 and MG2 runs were both under decompression
processes from 14.2 and 16.6 GPa to ambient pressure, re-
spectively. A MAR345 imaging plate was used for collecting
XRD data, covering a full angle of 50° for XRD. The sample
was located above a ω-rotation center, with XRD signals
collected at each small increment of the ω rotation. In single-
crystal XRD, a step size of 2° was used, while in multigrain
XRD, the step size was 1°.

Our data analysis procedure is similar to those used in our
previous studies [14,24], with its flow chart shown in Fig. 3.
Briefly, the GSE_ADA software [28] was used for the single-
crystal XRD data integration and the pixel-by-pixel reciprocal
plane reconstructions. In the range of sinθ

λ
< 0.75 Å−1, totals

of 25, 22, and 28 independent reflections were found in the
SC1, SC2, and SC3 runs, respectively. For the multigrain
XRD data, we used a custom program developed by ourselves
to search the reflections and index the XRD data. A typical
procedure of using the program is as follows. We first select
a few strong reflections in a given diffraction angle. Then
we search all pairs of each reflection from the same grain
along the selected diffraction angle. From each observed pair
of reflections, we calculate the orientation matrix [29], and
subsequently apply the orientation matrix to index all other
reflections. Those matrices capable of indexing a reasonable
number of reflections are considered to represent the corre-
sponding individual grain. The intensities of reflections from
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FIG. 2. Pressure dependence of the unit cell volume under compression and decompression for Ge samples. Solid black and blue right-
pointing triangles represent two single-crystal compression runs, SC1 and SC2, respectively. Blue open left-pointing triangles and green solid
left-pointing triangles represent two single-crystal decompression runs, SC2 and SC3, respectively. Red and orange left-pointing triangles
represent the multigrain data from the MG1 and MG2 runs, respectively. The pink dashed line is the fit to the Birch-Murnaghan equation of
state, with K0 = 61(12) GPa, K ′ = 5.9(10), and V0 = 78(11) Å3. The inset shows the pressure dependence of the c/a ratio in β-Ge from the
results in the SC1, SC3, and MG2 runs. The lines are a guide for the eyes.

each grain are calculated using the XDS program [30,31]. This
process is repeated until most of the reflections are covered.
From the collected multigrain data for β-Ge, we found a
dozen of individual grains. While the completeness of each
grain varies from 50% to 80%, combining all grains provides
100% completeness in the covered reciprocal range, as shown
in Table I. The structural refinement for all data was carried
out using the SHELX program [32] with R factors lower than
3.2% (Tables II and III). The EDD analysis in β-Ge was
performed by the maximum entropy method (MEM) [33]
using the software PRIMA [34] with the unit cell divided into
80 × 80 × 48 pixels.

III. RESULTS AND DISCUSSION

As illustrated in Fig. 2, β-Ge is still observed as single
crystals at pressures far below 11 GPa upon decompression,
and remains so until a structural transformation to metastable
Ge phases below ∼8.5 GPa. In contrast to previous obser-
vations of a constant c/a ratio (0.547) for β-Ge [12,35,36],
our high-precision data from single-crystal XRD show that
the c/a ratio increases almost linearly from 0.550 to 0.553
with decreasing pressure, with a subtle, but noticeable, slope
change below 10.1 GPa (Fig. 2, inset). In two single-crystal

runs (SC2, SC3), a transition from β-Ge to a mixture of r8-Ge
and α-Ge is observed at 8.2–8.5 GPa. Upon further decom-
pression, the r8-Ge transforms to bc8-Ge at ∼1 GPa. The oc-
currence of metastable phases under decompression of the two
multigrain runs are different. In the MG1 run, the multigrain
β-Ge is found to transform to pure α-Ge, with XRD intensity
uniformly distributed along the diffraction rings, indicating a
fine-grained powder for the recovered α-Ge. In the MG2 run,
a mixture of st12-Ge and an unknown phase is observed upon
pressure release to ambient condition. While the transition
pressures from β-Ge to metastable phases are in general
agreement with those in the previous studies [2,16,17], the
appeared metastable phases under decompression, however,
are different from those reported [16,20,21,25,37] which may
be partly related to the sample nature of coarse grains and the
quasihydrostatic condition in this study.

Figure 4 shows the normalized electron densities in β-Ge,
by integrating electron densities between two neighboring Ge
atoms along the c axis. To visualize the effect of pressure on
the electron density in β-Ge, the differences in EDDs between
two pressure points (�EDD) are shown in the top line of
Fig. 4. It is prudent to point out that the overall uncertainty
in EDD from different runs is typically at the 3%–4% level.
However, the change in EDD with pressure in a single run can
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FIG. 3. Flow diagrams of the data analysis procedures in ob-
taining structural solutions using single-crystal and multigrain
diffraction data. (a) For single-crystal diffraction, the intensities of
reflections are first obtained by integrating each of the observed
diffraction peaks after peak searching and intensity corrections.
(b) For multigrain diffraction, we typically start with indexing the
reflections from the dominant grains. Then we search for orientation
matrices of as many individual grains as possible. After individual
grains are identified, the data analysis procedures are similar to
those in single-crystal data, such as removing the shadows caused
by the DAC and applying filtering, correction, and scaling using the
program XDS. Then we merge data from the identified individual
grains for structural refinement and the EDDs.

be determined more precisely than this typical uncertainty of
absolute EDD. This is because the experimental conditions at
various pressures are almost identical in the pressure range of
this study. For the differential EDD, the corrections in data
analysis, such as background, polarization, and absorption
corrections, are nearly identical for each pressure point. Thus
the influences on differential EDDs become negligible, result-
ing in better precision compared to absolute EDD [24]. Under

FIG. 4. Normalized electron densities in β-Ge along the c axis.
The values are obtained by integrating charge densities between two
neighboring atoms along the c axis. The error bars in EDD include
statistical errors and a systematic error (fixed at 2.5%) in the algo-
rithm of the maximum entropy method [38]. The black right-pointing
triangles represent the compression data from the SC2 run, while
the orange and green left-pointing triangles represent decompression
data from the MG2 and SC3 runs. Five local deformation electron
densities between two different pressures are indicated in the top
line. The positive and negative differences are yellow and blue,
respectively, with the isosurface level setting at 1 e/Å3.

compression in the SC2 run (black right-pointing triangles
in Fig. 4), electron densities along the c axis increase with
increasing pressure and then turn over at ∼14.3 GPa. The
increase in electron density between 10.9 and 14.3 GPa may
be a result of the increased dz2 electrons participating in the
bonding upon compression, because the bonding along the
c axis is related to the hybridization of s and dz2 electrons
near the Fermi level [9]. Above 14.3 GPa, the turnover may
be related to the growing delocalization of the electrons (i.e.,
the increasing metallic character) that may have contributed in
the decrease in electron density. Upon decompression in the
SC3 run (green left-pointing triangles) and MG2 run (orange
left-pointing triangles), the electron density along the c axis
increases slightly, first with decreasing pressure to 13.3 GPa
(Fig. 4), and then turns to decrease gently with decreasing

TABLE I. Twelve individual grains are used for structure refinement from data at 14.2 GPa in the MG1 run. The completeness reaches
100% in the covered reciprocal space.

Grain Observed/independent/free reflections Completeness (%) Rint R/Rfree

1 76/26/3 69 0.068 0.055/0.068
2 82/26/4 81 0.097 0.051/0.039
3 79/21/3 74 0.055 0.028/0.024
4 75/30/4 81 0.064 0.040/0.050
5 67/19/3 52 0.075 0.034/0.078
6 59/16/3 55 0.053 0.034/0.053
7 78/32/4 81 0.074 0.048/0.050
8 76/31/4 86 0.055 0.058/0.033
9 63/15/2 43 0.041 0.021/0.017
10 75/21/3 64 0.067 0.031/0.079
11 81/22/1 71 0.051 0.024/0.019
12 82/20/2 74 0.060 0.029/0.020

Combined 870/37/5 100 0.096 0.025/0.031
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TABLE II. Experimental conditions and refinement parameters from three single-crystal experiments. Pressure uncertainties are typically
±0.1 GPa.

SC1 run P (GPa) U11a U33a R1b Rw2c Sd Ne Rint
f

13.6 0.01193 0.01784 0.0206 0.0637 1.171 25 0.0735
14.6 0.01318 0.01625 0.0248 0.0540 1.336 24 0.0550
16.1 0.01102 0.01661 0.0215 0.0485 1.595 22 0.0611
17.6 0.01250 0.01753 0.0191 0.0424 1.122 22 0.0574
19.1 0.01477 0.01906 0.0236 0.0550 1.277 23 0.0609
20.2 0.01128 0.01514 0.0280 0.0718 1.406 23 0.0527
21.3 0.01256 0.01514 0.0191 0.0506 1.169 23 0.0614
22.5 0.01306 0.01545 0.0196 0.0427 1.232 21 0.0506
23.5 0.01372 0.01557 0.0273 0.0607 1.339 21 0.0629
24.6 0.01150 0.01327 0.0284 0.0671 1.022 21 0.0585
25.6 0.01313 0.01513 0.0299 0.0576 1.060 21 0.0805
26.5 0.01224 0.01423 0.0243 0.0548 1.171 21 0.0640

SC2 run P (GPa) U11 U33 R1 Rw2 S N Rint

10.9 0.00852 0.01075 0.0126 0.0279 1.418 22 0.0291
12.9 0.00833 0.01054 0.0092 0.0227 1.235 22 0.0364
14.3 0.00809 0.01000 0.0212 0.1152 1.238 25 0.0712
16.2 0.00813 0.00976 0.0146 0.0542 1.256 22 0.0221
17.7 0.00826 0.01097 0.0156 0.0405 1.251 22 0.0374

SC3 run P (GPa) U11 U33 R1 Rw2 S N Rint

14.1 0.01494 0.01656 0.0190 0.0383 1.159 28 0.0401
13.1 0.01502 0.01531 0.0190 0.0372 1.382 28 0.0524
12.2 0.01485 0.01752 0.0212 0.0486 1.343 28 0.0640
11.3 0.01475 0.01701 0.0242 0.0542 1.256 28 0.0648
10.7 0.01588 0.01690 0.0241 0.0552 1.166 28 0.0686
10.2 0.01691 0.01766 0.0291 0.0762 1.291 28 0.0631
9.6 0.01578 0.01747 0.0324 0.0620 1.214 26 0.0535
8.5 0.01670 0.01796 0.0294 0.0761 1.216 26 0.0533

aU: anisotropic displacement parameters.
bR1: conventional R values.
cRw2: weighted R values.
dS: goodness of fit.
eN: number of reflections.
fRint: merging R values.

pressure down to ∼11 GPa. Then, remarkably, there is a sharp
decrease in electron density slightly below 11 GPa, a pressure
close to the structural α-β transition pressure, while the
single-crystal β-Ge samples still display a high crystallinity
with sharp XRD spots [as shown in Fig. 1(a)]. This means
that significant pressure-induced electronic changes can occur
within the β-Ge lattice. The abrupt change in electron density
suggests that there must exist a sudden weakening of metallic
bonds in β-Ge at 10–11 GPa. The observed subtle change in
the c/a ratio below 10.1 GPa (the inset of Fig. 2) may be a
signature in crystal structure caused by the sudden change
in electron density, because the reduced participation of d
electrons may have caused the slightly enlarged distance along
the c axis.

Thus, even though β-Ge can exist below 10 GPa under
decompression, it must be viewed as metastable because at
heart its electron topology has already dramatically changed.
This indicates that the electronic changes (dz2 orbital contri-
bution) provide a pretransition process in the phase transition

from β-Ge to metastable Ge phases under decompression.
The intrinsic anisotropy in the orientational configuration
of the dz2 orbital in tetragonal β-Ge may kinetically influ-
ence the transformation to orientation-matched metastable
phases. The path-dependent metastability upon decompres-
sion [16,17] of β-Ge supports that they are kinetically con-
trolled, rather than thermodynamically driven.

Indeed, the obtained EDD maps reveal electronic contribu-
tions of structural phase transitions from β-Ge to metastable
Ge phases. For example, in the SC3 and MG1 runs under
decompression, β-Ge transforms to a different metastable
phase with a mixture of α-Ge and r8-Ge in the SC3 run and
pure α-Ge in the MG1 run. Because the two nearest atoms in
r8-Ge correspond to nearest neighboring atoms in the (110)
plane in β-Ge [16], we plot EDD maps in the (110) plane
(Fig. 5). An increased EDD is observed between two nearest
neighboring atoms under decompression below 10.7 GPa in
the SC3 run [Fig. 5(a)], while no obvious EDD changes are
observed for the MG1 run [Fig. 5(b)]. The increased EDD
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TABLE III. Experimental conditions and refinement parameters from two multigrain experiments. Pressure uncertainties are typically
±0.1 GPa.

MG1 P (GPa) Ntot Nref R1 Rfree Rint S U11 U33

14.2 870 37 0.0253 0.0312 0.0961 0.847 0.01108 0.01401
12.2(1) 826 36 0.0226 0.0147 0.0859 0.422 0.01131 0.01268
10.6 902 38 0.0266 0.0528 0.0827 0.658 0.01204 0.01329
7.6 763 37 0.0233 0.0322 0.0869 0.572 0.01064 0.01294

MG2 P (GPa) Ntot
a Nref

b R1c Rfree
d Rint

e Sf U11g U33g

16.6 490 31 0.0202 0.0203 0.0649 1.166 0.01387 0.01600
14.0 667 37 0.0226 0.0339 0.0613 1.322 0.01044 0.01254
10.6 710 39 0.0289 0.0365 0.0479 1.208 0.01226 0.01530
10.0 548 33 0.0319 0.0230 0.0785 1.315 0.01366 0.01623
8.0 496 36 0.0316 0.0678 0.0807 1.406 0.01353 0.01677
7.2 487 37 0.0279 0.0322 0.0612 1.226 0.01265 0.01478

aNtot: total number of the reflections.
bNref : number of independent reflections.
cR1: conventional R values.
dRfree: crystallographic free R values.
eRint: merging R values.
fS: goodness of fit.
gU: anisotropic displacement parameters.

along the nearest neighbors in the (110) plane in β-Ge may
be associated with the appearance of r8-Ge below 8.5 GPa in
the SC3 run. On the other hand, the lack of EDD change may

FIG. 5. Two-dimensional differential electron density distribu-
tion maps of β-Ge in two runs, SC3 (a) and MG1 (b) along the (110)
plane. Positive and negative differences are drawn as red solid and
blue dotted lines, respectively.

be related to the formation of the pure α-Ge below 7.6 GPa in
the MG1 run.

The changes of d-electron participation in bonding should
have a signature in the metallic character of the Ge sam-
ples. To test this, we have conducted infrared reflectance
measurements at room temperature using a Bruker Vertex
80 V FT-IR spectrometer (Bruker Optik GmbH, Germany)
equipped with a nitrogen-cooled HgCdTe detector. In order
to avoid interference noise, a slice of the Ge sample was
directly attached to a culet surface of the diamond anvil
without a pressure medium. Pressure-dependent reflectance
spectra were measured at the interface between the sample
and the diamond anvil. The spectrum of an empty cell served
as the reference to normalize the reflectance spectra. As can
be seen in Fig. 6, the reflectance of α-Ge is nearly constant
up to 7 GPa, above which the reflectance increases gradually
with increasing pressure, corresponding to the increased par-
ticipation of d electrons in the valence band near the Fermi
level [24]. At ∼11 GPa, the reflectance sharply increases
corresponding to the semiconducting-metallic transition to
β-Ge. At pressures above 15 GPa, the reflectance maintains
at a certain level. Upon decompression, the reflectance of
β-Ge sharply decreases at ∼10.5 GPa. The decreasing rate
slows down between 9.5 and 7 GPa, and then the reflectance
becomes nearly constant with decreasing pressure. Overall,
the general trend of the reflectance changes is correlated with
the participation of d electrons in bonding.

By combining the current results of β-Ge with the previous
work on α-Ge [24], we can illustrate a summary on the
paricipation of d electrons in bonding under compression and
decompression across the α-β transition. Upon compression
of α-Ge, the sp3 bonding is enhanced with increasing pressure
up to 7.7 GPa, above which, but below the α-β transition
pressure of ∼11 GPa, an increased participation of d electrons
in the valence band occurs in α-Ge. However, the partici-
pation of d electrons in the stability field of α-Ge remains
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FIG. 6. Reflectance of Ge as a function of pressure measured by
infrared spectroscopy under compression and decompression shown
as upward triangles and downward triangles, respectively. The inset
shows an enlarged plot at pressures below 11 GPa.

relatively small. On the other hand, upon decompression of
β-Ge, there are rich changes in d-orbital participation in
bonding. First, a gradual decrease of d-electron participation
in β-Ge occurs from ∼14 to ∼11 GPa. At pressure slightly
below ∼11 GPa, there appears an abrupt decrease in d-orbital
participation. At pressures below ∼10 GPa, there is another
gradual decrease of d electrons until there is a transforma-
tion from β-Ge to metastable Ge phases. It is interesting to
note that the abrupt electronic changes happen at pressures
around 10–11 GPa, only slightly below the structural α-β
transition pressure near 11 GPa. Thus under decompression
pathways, β-Ge may have largely lost its metallic character
at pressure below 10 GPa, even though its single-crystal
nature remains intact with a good crystallinity displaying
sharp diffraction spots. The fact that β-Ge lattice can host

significant electronic changes may be related to its mixed
bonded network with four covalent bonds along the ab plane
and two metallic bonds along the c direction. This is in con-
trast to the covalently bonded case for α-Ge which displays
only a weak participation of d electrons under compression
above 7.7 GPa. These results imply that β-tin structured
materials at pressures below their stability field may show
intriguing electronic and optical properties. This provides a
route for novel materials with large fluctuations in electronic
properties in Group IV elements (Si, Ge, α-Sn), III-V com-
pounds (GaP, AlSb, GaSb, InSb, GaAs), and II-VI compounds
(ZnS, ZnSe, CdTe) with pressure (or chemical pressure) as
an effective controlling parameter. Other stimuli, such as
photons and electric and magnetic fields, may also influence
the electronic fluctuation in the metastable β-tin structured
materials.
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