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The structure of the potentially scintillating high-pressure phase of β-MgMoO4 (γ -MgMoO4) has been
solved by means of high-pressure single-crystal x-ray diffraction. The phase transition occurs above 1.5 GPa
and involves an increase of the Mo coordination from fourfold to sixfold accommodated by a rotation of
the polyhedra and a concommitant bond stretching resulting in an enlargement of the c axis. A previous
high-pressure Raman study had proposed such changes with a symmetry change to space group P2/c. Here
it has been found that the phase transition is isosymmetrical (C2/m −→ C2/m). The bulk moduli and the
compressibilities of the crystal axes of both the low- and the high-pressure phase, have been obtained from
equation of state fits to the pressure evolution of the unit-cell parameters which were obtained from powder x-ray
diffraction up to 12 GPa. The compaction of the crystal structure at the phase transition involves a doubling of
the bulk modulus B0 changing from 60.3(1) to 123.7(8) GPa and a change of the most compressible crystal axis
from the (0, b, 0) direction in β-MgMoO4 to the (0.9a, 0, 0.5a) direction in γ -MgMoO4. The lattice dynamical
calculations performed here on γ -MgMoO4 served to explain the Raman spectra observed for the high-pressure
phase of β-MgMoO4 in a previous work demonstrating that the use of internal modes arguments in which the
MoOn polyhedra are considered as separate vibrational units fails at least in this molybdate. The electronic
structure of γ -MgMoO4 was also calculated and compared with the electronic structures of β-MgMoO4 and
MgWO4 shedding some light on why MgWO4 is a much better scintillator than any of the phases of MgMoO4.
These calculations yielded for γ -MgMoO4 a Y2� −→ � indirect band gap of 3.01 eV in contrast to the direct
bandgaps of β-MgMoO4 (3.58 eV at �) and MgWO4 (3.32 eV at Z).

DOI: 10.1103/PhysRevB.106.064101

I. INTRODUCTION

The search for target-selective detectors for cryogenic de-
tection of the double-β decay has spurred the study of metal
tungstate and molybdate scintillators [1,2]. This family of
compounds presents a unique phonon and scintillating re-
sponse allowing the separate detection of both isolated events
and their surrounding radioactive background [3,4]. How-
ever, the performance of both molybdates and tungstates is
not always comparable. The bandgap of these compounds
occurs between the oxygen 2p orbitals (valence band) and
the molybdate/tungsten d orbitals (conduction band) [5]. Al-
though so similar, the luminescence of tungstates usually
presents a much higher quenching temperature than in molyb-
dates even in isostructural compounds [6]. As an example,
the double-β decay of 100Mo could not be found with the
supposedly best suited molydate MgMoO4 [1]. MgMoO4
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crystallizes either in triclinic [7] (α-MgMoO4, space group
P1̄) or in monoclinic [8] (β-MgMoO4, space group C2/m)
symmetry at ambient conditions. In both structures, Mo is
tetrahedrally coordinated. In order to compare the lumines-
cence efficiency between α- and β-MgMoO4 with the highly
efficient MgWO4 (wolframite-type structure, space group
P2/c), Mikhailik et al. [1] studied the MgWxMo1−xO4 solid
solution. They found that while α-MgMoO4 has a Stokes shift
of 2.05 eV, the Stokes shifts of β-MgMoO4 and MgWO4 are
identical (∼1.5 eV), leaving the explanation for the different
luminescence efficiency open. The main difference between
both compounds is their Mo/W coordination and, therefore,
their electronic band structures. While Mo is tetrahedrally
coordinated in all the known structures of MgMoO4, W is
octahedrally coordinated in MgWO4 and it has a better lumi-
nescence efficiency. In a high-pressure Raman spectroscopy
study Coelho et al. [9] found a high-pressure polymorph
of MgMoO4 (γ -MgMoO4), for which they proposed an
octahedral coordination of Mo. Based on vibrational ar-
guments they concluded that γ -MgMoO4 might have the
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TABLE I. Details of the two high-pressure single-crystal x-ray
data collections performed on MgMoO4.

β-MgMoO4 γ -MgMoO4

p (GPa) 0.87(4) 1.95(10)
h −16;16 −15;15
k −15;14 −14;14
l −5;3 −6;5
Observed refl. 656 649
Unique refl. 310 284
Rint 0.0492 0.0155

wolframite-type structure of MgWO4, which would add this
high-pressure polymorph to the list of possible scintillators.
Although the wolframite-type structure had been previously
[10] proposed for MgMoO4 at 0.6 GPa and 900◦C, the crystal
structure of γ -MgMoO4 remained unsolved and, hence, its
electronic structure remains unexplored.

In this work, we have determined the crystal structure of
γ -MgMoO4 using high-pressure single-crystal and powder
x-ray diffraction (XRD). Subsequently, its lattice vibrations
and electronic band structure were calculated by means of
ab initio calculations. Finally, we have calculated the elec-
tronic structures of β-MgMoO4 and MgWO4 to compare them
with that of γ -MgMoO4.

II. EXPERIMENTAL DETAILS

In the single-crystal XRD (SXRD) experiments a Boehler-
ALMAX diamond-anvil cell (DAC) with an opening angle
of 70◦ and anvil culets of 500 μm in diameter was used
for pressure generation. A stainless steel gasket pre-indented
to 40 μm in thickness with a 200 -μm diameter hole in
the center served as the pressure chamber. A mixture of
methanol-ethanol (4:1), hydrostatic up to 9 GPa [11] was
used as a pressure-transmitting medium and a ruby chip was
inserted to determine the pressure [12]. The sample of β-
MgMoO4 was cut from a large single crystal grown by the
flux growth method [13]. The single crystal used had dimen-
sions of 60 × 40 × 10 μm3 and it was oriented along the
exfoliation plane (001). The experiment was performed at
the High-Pressure Diffraction beamline (ID15B) at the ESRF
synchrotron employing a 5 × 5 μm2 collimated beam with
a wavelength of 0.4117 Å. Data collections were performed
at 0.87(4) and 1.95(10) GPa collecting the diffraction frames
in ω steps of 0.5◦ along the opening range of the DAC.
The indexation and intensity integration were carried out us-
ing the CrysAlisPro [14] software and the structure solution
and refinement were carried out with the SHELXT [15] and
SHELXL [16] programs, respectively, implemented in the
SHELXLE user interface [17]. Details of the data collection
are shown in Table I.

The powder XRD experiments were carried out at the
BL11 beamline of the INDUS2 synchrotron source, employ-
ing a wavelength of 0.5026 Å up to pressures of 12 GPa
while increasing and decreasing pressure. The data were col-
lected using a MAR345 image plate detector. CeO2 was used
to determine the sample to detector distance (230 mm) and
also to calibrate the detector parameters. The two-dimensional

FIG. 1. Crystal structures of (left) β-MgMoO4 at 0.87(4) GPa
and (right) its high-pressure polymorph, γ -MgMoO4 at 1.95(10)
GPa, projected along the b axis. Top: ball-and-stick drawing; Mg,
Mo, and O atoms are represented by gray, black, and red color,
respectively. At the bottom, polyhedra drawing representing the co-
ordination of Mg and Mo atoms by oxygen atoms.

diffraction images were converted to one-dimensional diffrac-
tion patterns using the FIT2D software. LeBail refinements
were performed with the Fullprof program [18].

III. COMPUTATIONAL DETAILS

The stability of the high-pressure polymorph γ -MgMoO4
determined from SXRD with respect to the structure of
the β polymorph was tested and, subsequently, the lattice
dynamics and electronic band structure of β-MgMoO4, γ -
MgMoO4, and MgWO4 were calculated with the Vienna
ab initio simulation package (VASP) [19–21] using the den-
sity functional theory framework [22]. The pseudopotentials
employed were the projector augmented wave [23] with a
cutoff energy of 520 eV. The generalized gradient approxi-
mation was used with an AM05 functional [24,25] to describe
the exchange-correlation energy. The Brillouin zone k-point
integrations were preformed using a 6 × 6 × 6 sampling for
the primitive cell. Lattice-dynamics calculations were carried
out with the PHONOPY [26] package that allows to obtain the
eigenvalues and eigenvectors of the vibrational modes at the
� point.

IV. RESULTS AND DISCUSSION

A. Structural solution

The crystal structure of the monoclinic ambient-pressure
phase β-MgMoO4 is shown on the left side of Fig. 1. It
consists of (1̄01) sheets of isolated MoO4 tetrahedra sharing
corners with MgO6 octahedra, which are arranged in units
of four edge-sharing octahedra within neighboring sheets.
There exist two Mg and two Mo symmetry-independent po-
sitions. As explained above, Coelho et al. [9] found in a
high-pressure Raman spectroscopy work that β-MgMoO4 un-
dergoes a structural phase transition at around 2 GPa which
implies a frequency redistribution of most Raman active
modes. Based on the concept of polyhedral internal modes

064101-2



CRYSTAL STRUCTURE SOLUTION OF A HIGH-PRESSURE … PHYSICAL REVIEW B 106, 064101 (2022)

TABLE II. Lattice parameters a, b, c, β angle, unit-cell volume V , x, y, and z atomic coordinates, and isotropic thermal displacement Uiso

of the crystal structures of β- and γ -MgMoO4 at 0.87(4) and 1.95(10) GPa, respectively, obtained from single-crystal x-ray diffraction, and for
comparison of γ -MgMoO4 from calculations at a similar pressure of 2 GPa. The number of refined parameters, obtained residual values R1,
wR2, and the Goodness of fit (GooF) are also shown. Space group C2/m, Z = 8. More details can be found in the crystallographic information
file (CIF) files provided in the Supplemental Material [27].

β-MgMoO4 γ -MgMoO4

Experimental Experimental Calculations
0.87(4) GPa 1.95(10) GPa 2 GPa

a (Å) 10.2534(5) 9.6444(9) 9.67629
b (Å) 9.2594(1) 8.8283(1) 8.86572
c (Å) 7.016(2) 7.611(2) 7.63249
β (deg) 107.05(2) 113.73(2)) 113.60
V (Å3) 636.8(2) 593.2(2) 599.99

x y z Uiso(Å2) x y z Uiso(Å2) x y z

Mo1 0.5 0.25061(7) 0.5 0.0065(3) 0.5 0.21397(6) 0.5 0.0180(11) 0.5 0.21413 0.5
Mo2 0.72947(10) 0.5 0.0959(4) 0.0062(3) 0.78543(10) 0.5 0.1399(3) 0.0153(12) 0.78563 0.5 0.14042
Mg1 0.5 0.1785(3) 0 0.0071(7) 0.5 0.1912(3) 0 0.0150(5) 0.5 0.19049 0
Mg2 0.7998(5) 0.5 0.6442(19) 0.0070(7) 0.8093(4) 0.5 0.6555(12) 0.0145(5) 0.80997 0.5 0.65603
O1 0.5413(7) 0.1537(5) 0.303(3) 0.0120(10) 0.4980(6) 0.1513(5) 0.2607(16) 0.0172(9) 0.49871 0.15022 0.26146
O2 0.3581(7) 0.3562(5) 0.387(3) 0.0184(12) 0.3467(6) 0.3347(4) 0.4239(17) 0.0200(9) 0.34510 0.33452 0.42317
O3 0.8595(9) 0.5 −0.036(4) 0.0062(13) 0.8473(9) 0.5 −0.066(2) 0.0160(11) 0.85002 0.5 −0.06094
O4 0.6334(7) 0.3441(6) 0.027(3) 0.0192(13) 0.6651(6) 0.3470(4) 0.0823(17) 0.0199(9) 0.66510 0.34523 0.08308
O5 0.3010(12) 0 0.363(4) 0.0206(19) 0.3497(10) 0 0.416(3) 0.0170(13) 0.54956 0.5 0.41486

Parameters 29 35
R1 [I >2σ (I)] 0.0354 0.0213
wR2 (all data) 0.0912 0.0551
GooF on F 2 1.086 1.156

they concluded that (i) above 2 GPa Mo ions must be octahe-
drally coordinated and (ii) the high-pressure structure might
be described either in C2/m or P2/c space groups, with P2/c
being the most probable. Though the reasoning is robust, the
Raman spectroscopy study by Coelho et al. [9] leaves the
structural solution of the high-pressure phase of MgMoO4 as
an open question.

We have solved the crystal structure of the high-pressure
phase of MgMoO4, γ -MgMoO4, in space group C2/m. The
crystal structure is shown in right side of Fig. 1, and the atomic
coordinates of β-MgMoO4 and γ -MgMoO4 before and after
the high-pressure phase transition, respectively, are given in
Table II. The reconstruction of the reciprocal space obtained
from the intensity data of γ -MgMoO4 in our single-crystal
XRD experiment at 1.95(10) GPa clearly confirms the pres-
ence of the C-face centered Bravais lattice by analysis of the
systematic extinctions of reflection intensities and, hence, of
the reflection conditions. Figure 2 shows sections of three
reconstructed reciprocal layers, i.e., layers (a) hk0 and (b)
hk1, which are projections along [001], the c axis, and (c)
h0l , which is a projection along [010], the b axis. One can
easily identify the reflection condition for the C-face cen-
tering as h + k = 2n for all reflections hkl , occurring in all
reciprocal layers. As a result, the space group of γ -MgMoO4
is C2/m and not, as previously proposed, P2/c, i.e., the
structural phase transition is isosymmetric. The refinement
of the determined crystal structure of γ -MgMoO4 converged
to an excellent agreement with small residual values of
R1 = 0.0213 for reflections with I >2σ (I) and wR2 = 0.0551
for all reflections (Table II), which confirms the correctness

of our structural model and the selection of the proper space
group. The obtained crystal structure is further confirmed by
the excellent agreement between the observed and calculated
powder XRD patterns at 5 GPa in the Rietveld refinement
[Fig. 2(d)].

The phase transition is driven by the rotation of both
MoO4 tetrahedra, which concomitantly increase their coordi-
nation from 4 to 6 oxygen atoms. Mo1 forms two long bonds
with O5 oxygen atoms [Mo1−O5 = 2.309(6) Å at 1.95(10)
GPa], while Mo2 forms two bonds with O1 oxygen atoms
of similar length (Mo2−O1 = 2.305(5) Å (Table S1 [27]).
The formation of the MoO6 octahedra is accompanied by a
straightening of their O − Mo − O axes that are parallel to
the c axis (Fig. 1). The rotation and coordination increase
of the MoO4 tetrahedra has an overall strong impact on the
stretching of Mg − O − Mo chains that are oriented in the
direction of the c axis. Along the one chain, by forming the
Mo1O6 octahedron, the O1−Mo1−O1 angle increases by 26◦
from ca. 120 to 146◦, and the Mg1−O1−Mo1 angle increases
by ca. 17◦ from 136 to 153◦ (Fig. 1 and (Table S1 [27]).
Along the other distinct chain oriented parallel to the c axis, by
forming the Mo2O6 octahedron, the O3−Mo2−O5 angle in-
creases by ca. 33◦ from 113 to 146◦, and the Mg2−O3−Mo2
angle increases by ca. 34◦ from 120 to 154◦. This straighten-
ing of chains is accompanied by an expansion of the c axis
by around 8%. This expansion, however, is compensated by
the contraction of the a and b axes resulting in an overall,
discontinuous decrease of the unit cell volume at the first-
order type phase transition (Fig. 4). In γ -MgMoO4 the MoO6

octahedra are strongly distorted with an octahedral quadratic
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FIG. 2. Sections of the reciprocal space of γ -MgMoO4 at
1.95(10) GPa in the (a) (hk0), (b) (hk1), and (c) (h0l) planes showing
the reflection condition, i.e., h + k = 2n for all reflections hkl , for
the C-face centered Bravais lattice. (d) Powder XRD patterns of β-
MgMoO4 at 1 atm and of γ -MgMoO4 at 5 GPa after the completion
of the phase transition. Dots represent the experimental data while
the red continuous lines are the Rietveld refinements. The 2θ location
of the reflections and the residuals of the fit are also shown as vertical
markers and continuous green lines, respectively.

elongation (OQE) [28] of ca. 1.065 and form units of four
edge-sharing MoO6 octahedra within the sheets, similarly to
the arrangement of MgO6 octahedra units in the neighbor-
ing sheets. Sheets are interconnected via common corners or
edges. MgO6 octahedra are much less distorted than MoO6

octahedra in β-MgMoO4 (OQE = 1.015) and become only
slightly more distorted in γ -MgMoO4 (OQE = 1.020) (Table
S1 [27]). The crystal structure of γ -MgMoO4 is isotypic to
that of α-NiMoO4 [29] indicating a reinterpretation of the
previous high-pressure Raman spectroscopy study by Coelho
et al. [9]. As explained above, Coelho et al. [9] conclude
that the structure is a wolframite-type structure (space group
P2/c) because the number of Raman internal modes of the Mo
polyhedra changes from 8 to 6, which according to them could
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FIG. 3. (a) Experimental [9] ωexp vs calculated ωcalc Raman
frequencies of γ -MgMoO4 show their excellent agreement. (b) Ex-
perimental [9] (open circles) and calculated (red dots) pressure
coefficients of the same Raman active modes as a function of their
frequencies.

only be explained with the Mo occupying a single MoO6

octahedral site. However, even though our solved structure
for γ -MgMoO4 shows that Mo is octahedrally coordinated
as suggested by Coelho et al. [9], the number of symmetry-
independent positions for Mo is two (Table II).

B. Vibrational properties

In order to reevaluate the conclusions reached by Coelho
et al. [9] we have performed ab initio lattice dynamic calcula-
tions with the solved structure of γ -MgMoO4.

β-MgMoO4 has 36 active Raman modes at zone center
� = 19Ag + 17Bg, however, only 26 out of 36 modes can be
observed experimentally [9].

According to our calculations, the solved structure for γ -
MgMoO4 becomes more stable than the β-MgMoO4 phase
above 1 GPa, in very good agreement with the experimental
evidence found in our XRD studies and by Raman spec-
troscopy [9]. The comparison between the experimental and
calculated Raman frequencies of the also 36 Raman ac-
tive modes (19Ag + 17Bg) and their pressure coefficients are
shown in Fig. 3(a). The calculated frequencies and their pres-
sure coefficients can be found in Table S2 [27].
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FIG. 4. (a) Pressure dependence of the lattice parameters of
MgMoO4. The arrows indicate the contraction of a and b as well as
the expansion of c. (b) Pressure dependence of the monoclinic β an-
gle. (c) Pressure dependence of the unit-cell volume of both phases.
The full dots are data from the low-pressure β-MgMoO4 phase while
the empty dots are data from the high-pressure γ -MgMoO4 phase.
The straight lines are the fits to second-order Birch-Murnaghan equa-
tions of state.

The agreement between the experimental and
the calculated frequencies is excellent with the
experimental/calculated deviations within 2.5% [Fig. 3(a)].
The phonon gap of ∼325 cm−1 present in β-MgMoO4 shrinks
in γ -MgMoO4 due to the coordination increase to sixfold
coordination of the low-pressure tetrahedrally coordinated
Mo ions (Table S1 [27]). This indicates that the experimental
Raman spectrum of γ -MgMoO4 [9] is very well described by
our solved structure. Furthermore, in Fig. 3(b) we compare
the experimental and calculated pressure coefficients dω/d p
of the Raman active modes of γ -MgMoO4. Although in
this case, the deviations for some modes are large, in
general, the trend is followed with the low-frequency modes
either softening or barely changing with frequency, and the
high-frequency modes rapidly hardening under compression
with pressure coefficients of ∼ 6 cm−1 GPa−1. For the
high-pressure phase the 36 Raman active modes can be
observed experimentally probably due to the spreading in
frequency of the modes as the result of the frequency gap
disappearance which facilitates the modes detection with
Raman spectroscopy.

These results show that the Raman spectrum found by
Coelho et al. [9] above the structural phase transition can
be explained by our γ -MgMoO4 structure, highlighting that
the intricate eigenvectors of the high-frequency modes cannot
be simplified by considering the MoO6 polyhedra as isolated
blocks in which each mode involves a single Mo-O bond.

C. Compressibility

The pressure dependence of the unit-cell lattice parameters
and volume of the two phases of MgMoO4 is shown in Fig. 4.

The phase transition is detected at 2.28(5) GPa using pow-
der XRD and at 1.95(10) GPa using SXRD, ca. 0.3 GPa higher

TABLE III. Calculated band gaps Eg for β-MgMO4, γ -
MgMoO4, and MgWO4.

Indirect Eg (eV) Direct Eg (eV)

β-MgMoO4 C2 → � 3.56 � 3.58
γ -MgMoO4 Y2� → � 3.01
MgWO4 Y2 → Z 3.23 Z 3.32

pressure than in previous Raman spectroscopy experiments
[9] performed using the same pressure transmitting medium.
The first-order character of the phase transition is evidenced
by a unit-cell volume collapse of ∼5% [Fig. 4(c)] and the
irreversibility of the phase transition which was observed by
Coelho et al. [9]. As explained above, the structural phase
transition is the result of a stretching along the c axis of
every three Mo-O-Mg chains, which results in an elongation
of the c axis of ∼8% [Fig. 4(a)]. In order to accommodate
such a pressure-induced expansion, the other two axes de-
crease by ∼4% and the monoclinic β angle increases by ∼7%
[Fig. 4(b)] producing the overall volume collapse. The pres-
sure dependence of the unit-cell volumes of both phases can
be fit with two second-order Birch-Murnaghan equations of
state [Fig. 4(c)]. The obtained bulk moduli B0 are 60.3(1)
and 123.7(8) GPa for the β-MgMoO4 and the γ -MgMoO4
phases, respectively. Hence, the compaction of the structure
at the phase transition (Fig. 1) results in a drastic increase
of the incompressibility; the bulk modulus doubles its value.
The change in compressibility observed in the volume re-
flects on the three monoclinic axes as observed in Fig. 4.
While the incompressibility (κx = − 1

x
∂x
∂ p ) of the a and b axes

changes from ∼0.006 GPa−1 in the low-pressure structure to
∼0.002 GPa−1 in the high-pressure structure, in the case of
the c axis it changes from ∼0.002 GPa−1 to ∼0.001 GPa−1.
Nevertheless, since the monoclinic angle of both structures
is strongly deviating from 90◦, the main axes of the strain
ellipsoid can deviate a lot from the unit-cell axes [31]. In
fact, while the highest compressibility in the β-MgMoO4 is
found in the X2 crystal axis which coincides with the [0, b,
0] direction, in the γ -MgMoO4 the highest compressibility,
is on the ab plane along the [0.9a, 0, 0.5c] direction (crystal
axis X1).

D. Electronic band structure

Once the structure of γ -MgMoO4 was solved, we com-
puted its electronic band structure, which is shown in Fig. 5 in
comparison with the electronic band structures of β-MgMoO4
and MgWO4 [30].

The electronic band structures of β-MgMoO4, γ -
MgMoO4, and MgWO4 show that their band gaps are indirect.
In the case of γ -MgMoO4 there is no apparent close direct
band gap. However, in the case of β-MgMoO4 and MgWO4
the direct band gaps, the only observable experimentally, are
0.0153 eV at � (β-MgMoO4) and 0.089 eV at Z (MgWO4)
wider than their indirect band gaps (Table III). Since both
β-MgMoO4 and MgWO4 have indirect band gaps, the na-
ture of their band gaps cannot be the cause of their different
scintillating output. In fact, by looking at the electronic band
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structure of γ -MgMoO4, despite of a coordination increase
of Mo, the fully indirect band gap discards this polymorph
for its use as a scintillator. Hence, the question arises, what
the reason for such a poor scintillating output for β-MgMoO4
might be.
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FIG. 6. Total (black) and partial (colors) density of states of
the valence and conduction bands around the band gap showing
the contribution of the different atomic orbitals in (a) β-MgMoO4,
(b) γ -MgMoO4, and (c) MgWO4.

The band gap of the three compounds is controlled (Fig. 6)
by the O p and the Mo/W d orbitals since the Mg s orbitals are
away from the maximum of the valence band or the minimum
of the conduction band [30]. This configuration produces in
the two compounds lowly dispersed and flat bands overall
at the conduction band due to the high d character. A larger
number of atoms occupying nonequivalent positions gives rise
to a larger number of accessible electronic levels and therefore
a higher density of states. Mo occupies two nonequivalent
sites in both phases of MgMoO4 while W is in a single site
in MgWO4. Therefore, MgMoO4 is expected to have more
electronic levels per eV at the conduction band and therefore
a higher density of states. Both points can be visualized in
Figs. 5 and 6 where the electronic band structure and density
of states of MgMoO4 (a) and (b) are compared with those of
MgWO4 (c). A larger number of accessible states can result
into an increase of the energy transfer channels and therefore
into a larger number of nonradiative decay mechanisms lead-
ing to a poor luminescence. This is similar to what occurs in
extrinsic luminescence when the concentration of the lumi-
nescent ions is increased [32]. This hypothesis might explain
why β-MgMoO4 is a worse scintillator than MgWO4.

V. CONCLUSIONS

The crystal structure of the high-pressure phase of
β-MgMoO4, i.e., γ -MgMoO4, has been solved from high-
pressure single-crystal x-ray diffraction data. The phase
transition involves a compaction of the structure by a rotation
of the polyhedra and a stretching of every three Mo-O-Mg
bonds along the c axis that results in an increase of the Mo
coordination from 4 to 6 and an elongation of the c axis.
Interestingly, the phase transition is isosymmetric keeping two
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symmetry-independent sites for Mo in contrast to what had
been previously proposed in a high-pressure Raman spec-
troscopy work. At the onset of the phase transition at 1.5 GPa
the unit-cell volume irreversibly contracts by 5%, and the bulk
modulus doubles from 60.3(1) GPa to 123.7(8) GPa. On the
basis of the crystal structure solution of γ -MgMoO4 we have
performed lattice dynamical and electronic band structure cal-
culations, which find the high-pressure structure more stable
above 1 GPa and have helped to explain the Raman spectrum
observed previously for this phase and to compare its elec-
tronic band structure with that of β-MgMoO4 and MgWO4.
The results here presented show that both polymorphs of
MgMoO4 are less efficient scintillators than MgWO4. We
explain this as: the results of the presence of a higher number
of accessible states at the conduction band in the molybdates
than in the tungstate. This produces an increase of the energy
transfer channels which probably increases the probability of
nonradiative emission of the excited electrons. In addition, we
have found that γ -MgMoO4 would even be a worse scintilla-

tor than β-MgMoO4 since differently from β-MgMoO4 and
MgWO4, its band gap of 3.01 eV is indirect (Y2� → �).
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