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Local distortions and optical properties induced by the substitutional Cr + impurity in the MgO
host lattice are computed using the embedded-cluster approach implemented in the ICEcAP code.
Within this methodology, the impurity centered cluster is described quantum mechanically and is
self-consistently coupled with the lattice environment by means of the shell-model treatment of the
lattice polarization and distortion. Our calculations predict inward relaxations of the six 0 near-
est neighbors surrounding the Cr + ion for both cubic and noncubic (tetragonal and orthorhombic)
con6gurations in MgO. For the cubic con6guration, selected low-lying excited states, including the
10Dq generator Tq, are calculated at several Cr-0 separations. After taking into account lattice
relaxations and correlation corrections, the computed 10Dq value lies 0.19 eV lower than the ex-
perimental one. Finally, the response of the Dq parameter and the Cr-0 separation to hydrostatic
pressure is obtained by performing analogous cluster-in-the-lattice calculations with the lattice pa-
rameter of MgO varying according to its equation of state. Analysis of these results reveals that the
compressibility at the host cation site is greater than that at the impurity site.

I. INTRODUCTION

Optical transitions within the unfilled 3d" shell of tran-
sition metal ions in insulating crystals are of much cur-
rent interest as examples of tunable four-level laser sys-
tems. Chromium doped magnesium oxide (MgO:Crs+)
provides such a prototypical system where extensive spec-
troscopic studies have been performed. It also ofFers an
ideal system to test limitations of theoretical methods
investigating local distortions and spectroscopic proper-
ties induced by impurities in ionic crystals. This is due
to the fact that the impurity Cr + substituting Mg +
constitutes a charged defect in the lattice that requires
a careful treatment of long-range polarization effects in
theoretical calculations.

The strength of the distortions experienced by the
six 0 ions surrounding Cr + depends on the local
symmetry around the impurity. Besides the most com-
rnon cubic configuration, tetragonal and orthorhombic
arrangements were also reported as produced by nearest
cationic vacancies along the [100] and [110] directions,
respectively. To the best of our knowledge, direct ex-
perimental data of the Cr-0 distances have only been
reported for the tetragonal configuration, where 1.90 A

and 2.06 A were obtained after EXAFS (extended x-ray
absorption fine structure) and XANES (x-ray absorption
near edge structure) experiments on MgO:Cr +. Ear-
lier theoretical and experimental estimations of the Cr-0
separation (ranging from 1.77 to 2.05 A.) always found

the Cr-0 distances to be smaller than the experimental
Mg-0 separation in the pure MgO crystal. This inward
relaxation is also the expected conduct from ionic radii
arguments. Nevertheless, a unified description of the lat-
tice relaxation considering both defects (the impurity and
the vacancy) has not been reported up to date for the
three local geometries of Cr + center in MgO.

Regarding spectroscopic data, there are well-known
limitations in the quantum-mechanical methodologies
that lead to important discrepancies between the com-

puted and experimental d-d transitions. In the Hartree-
Pock approach, the enormous differential correlation ef-

fects within the ground and excited states of the cluster
prevent a feasible procedure to account for most of the
theory-experiment disagreements. However, considering
that these differences are appropriately scaled as pressure
is applied, computed d-d transitions can oKer meaningful
information when combined with the corresponding cal-
culated local relaxations. In this way, the relative com-
pressibility at the impurity site with respect to the value
at the host cation site can be predicted, and the validity
of previous reported data of this magnitude analyzed
in a more reliable manner.

In this paper, we seek to examine the accuracy and
predictability of an embedded-quantum-cluster method
when applied to the investigation of (i) the geometrical
positions of the 0 ions in the three arrangements of
Crs+ in MgO, (ii) the effects of lattice relaxation and
correlation effects on d dtransitions, an-d (iii) the local
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compressibility at the impurity and host cation sites.
The methodology we use here incorporates electronic

structure calculations with a classical shell model treat-
ment of lattice polarization and distortion. This method
makes a single ansatz, that the perturbation introduced
by an impurity in a lattice is confined to a region near
that impurity. Beyond that region, its inBuence can be
given in terms of a linear response. This response is man-
ifested by the displacement and polarization of atoms.
The region surrounding and including the impurity is
called the cluster and is described in the &amework of
the Hartree-Fock approximation. The response of the re-
mainder of the lattice, called the environment, is treated
within the shell model. Applications of this methodology,
referred to as ICECAP, have been made to investigate de-
fect and perfect lattice properties in halides and oxides.
These applications demonstrated the usefulness of this
approach in simulating rather subtle physical features of
defects in ionic crystals.

In the following section, we describe brieHy the em-
bedded cluster methodology giving the specific details
for the calculations performed here. The results are pre-
sented and discussed in Sec. III, which is split into three
subsections. The first one deals with the three local ge-
ometries around Cr + in MgO, the second one covers the
computation of the optical transitions, and the third one
contains the study of the pressure effects on the Dq pa-
rameter and its relation with the local compressibility.

II. THEORETICAL MODEL

We begin with the description of the molecular clus-
ter consisting of the impurity Cr3+ and the six nearest-
neighbor 02 ions at the sites (R, 0, 0). The cluster
is embedded in a lattice environment of Mg + and 0
ious located at their crystallographic positions in the pure
MgO rocksalt structure [R(Mg-0) =2.106 A]. In this way,
we assume that Cr + significantly disrupts the atomic or-
dering and electronic distribution of MgO only in a small
region described by the nearest-neighbor 0 ions. The
cluster ions will be described within the &amework of
the nn~estricted Hartree-Fock approximation. The rest
of the MgO lattice, where the perturbation due to Crs+
is assumed to be weak, will be simulated by the classical
shell model.

In the shell model, an ionic lattice is described in
terms of point charges interacting by pairwise potentials.
Ionic polarization e8'ects are included by associating two
charges with each ion, a shell and a core charge, Y and
(Q-Y), respectively, where Q is the total ionic charge.
The shell and the core of a given ion are assumed to be
coupled by a harmonic potential so that the displacement
of the shell relative to the core describes the polariza-
tion. All the point charges in the lattice interact through
Coulomb potentials, except for the core and the shell of
the same ion. In addition, short-range potentials act be-
tween shells of ions that are nearest neighbors. Various
forms of short-range potentials have been previously em-
ployed. For the present work, we use the Buckingham
potential of the form

V(X) = Be

where X is the shell-shell separation, and B, p, and C
are parameters that are generally fitted, simultaneously
with Q and Y, to bulk properties, such as cohesive en-

ergy, lattice spacing, elastic and dielectric constants and
phonon spectra. In the present work, these parameters
for Mg0 are taken &om Sangster and Stoneham. Suc-
cessful applications of the shell model include not only
nonelectronic point defects but dislocations and inter-
faces of ionic and semi-ionic materials. For details, we

refer to a review edited by Catlow and Mackrodt. ~s

The electronic structure of the quantum-mechanical
molecular cluster containing the impurity and nearest-
neighbor ions can be obtained by solving the Fock equa-
tions in the unrestricted Hartree-Fock self-consistent-
field (UHF-SCF) approximation. The procedure fol-

lowed is based on the technique described by Roothaan,
where the molecular orbitals are linear combinations
of atomiclike basis orbitals constructed &om Gaussian
primitive functions. For Cr3+, we begin with the
(533/53/5) basis set given by Huzinaga~s and then use
a total energy optimization procedure to add 8, p, and d

type disuse Gaussian primitives, which are expected to
describe more accurately the excited states. The result-
ing basis set for Crs+ consists of 4s, 3p, and 2d orbitals
with a (5331/532/52) contraction. M For the nearest-
neighbor 0 ions, we have used the (77/4) basis set~

whose p-type primitives are split along the Cr-0 axis for
greater variational &eedom to the wave function.

Total energy of a crystalline lattice with an embedded
quantum cluster can be written as

E = Eg + Wz + WE ) (2)

where Ec; is the Hartree-Fock total energy for the clus-
ter, including Coulombic interaction with the embedding
lattice, Wz is the Coulomb energy of the cluster nu-

clei interacting among themselves, and WE is the inter-
action energy of the embedding lattice ions (shells and
cores) among themselves plus their short-range interac-
tion with the cluster. Total energy, E, is now minimized
with respect to all shell and core positions of the em-
bedding lattice (i.e., lattice configuration) and simultane-
ously with respect to variational parameters of the clus-
ter wave function (i.e., electronic configuration). This
minimization is updated while the nuclear positions of
the cluster ions (i.e., cluster configuration) are varied to
yield overall minimization of the total energy.

Note that the quantum-mechanical molecular cluster
is embedded in the classical shell-model lattice. As a
consequence, the cluster is seen by its environment as a
Coulomb potential, and also by means of short-range in-
teractions of the cluster ions with point-charge ions. The
electrostatic potential of the cluster, expressed as a mul-
tipole electric moment series, can be calculated from its
nuclear positions and electronic wave function, and si.m-
ulated by a small number of point charges. Since these
moments must be consistent with the polarization that
they produce in the embedding lattice, the calculations
for the cluster Hartree-Fock solution and lattice polar-
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ization are iterated until convergence for a given cluster
configuration. This multipole consistency step turns out
to be a very fast-converging process, and is repeated for
each step in the variation of the cluster con6guration.

III. RESULTS AND DISCUSSION

A. Local relaxations

As we have pointed out above, experimental studies
have shown that the impurity Cr + substituting Mg2+
in MgO can have a geometrical arrangement with either
cubic or noncubic symmetry. ' A noncubic symmetry
arises when the charge-compensating Mg2+ vacancy oc-
cupies a near-neighbor position along either a [100]-type
direction (tetragonal site, C4„symmetry) or a [110]-type
direction (orthorhombic site, C2„symmetry). If we re-
strict the exploration of the local distortions to the Cr +

nearest neighbors, we have the six 02 ions at the same
R'(Cr-0) distance in the Oi, cluster, but three di8'erent
R'(Cr-0) values in the C4„and C2„clusters. Also, it
becomes necessary to specify the values of one and three
of the 0-Cr-0 bond angles to completely determine the
geometry of the C4„and the C2„arrangements, respec-
tively. On the other hand, we have observed that the
displacements suffered by the ions beyond the nearest-
neighbor positions of the defect, with respect to the host
lattice geometry, are progressively smaller, the anion be-
ing always more affected than the cation. In any case,
beyond the region considered in the calculations ( 5 A
around the defect), the ionic displacements do not alter
the final solution of the total energy minimization proce-
dure.

To calculate the above set of structural parameters,
we have organized our computations in two steps. First,
we carry out the optimization of the R'(Cr-0) variable
in the ground state (4A2) of the cubic configuration
(Oi, ) at the unrestricted Hartree-Fock (UHF) and the
UHF plus correlation corrections through second order
many-body perturbation theory2 (UHF+MBPT) levels.
At both the levels (UHF and UHF+MBPT), the cal-
culated equilibrium con6gurations are nearly the same:
the nearest-neighbor 02 ious relaxes inward by 3.6%,
with R'(Cr-O)=2. 03 A. . When we reduce the size of the
quantum cluster to a single Cr + ion, the 0 ion re-
laxes towards the Crs+ by 4%. In spite of the limited
SCF active space, the equilibrium configuration shows
an excellent agreement with the more expensive UHF
and UHF+MBPT calculations on the octahedral (seven-
ion) cluster. Within the single-ion-in-the-lattice strat-
egy, we can therefore investigate in a systematic and
equivalent manner the effects of the impurity and va-
cancy on the local environment in a computationally ef-
ficient way. Such effects are qualitatively illustrated in
Figs. 1(a)—l(d) and quantitatively given in Table I. In
this table we also include the configurational parame-
ters obtained Rom the ionic radii data of Shannon, data
&om EXAFS and XANES experiments, and the predic-
tions obtained after shell-model computations, applica-
tion of the lattice relaxation model, ab initio cluster-

in-the-lattice calculations, and 6ttings to spectroscopic
data. ' '

The most interesting conclusions emerging &om the
analysis of our computations can be summarized in the
following four points: (i) Nearest-neighbor ious are at-
tracted by the Cr + impurity and are repelled by the
cation vacancy, the repulsion being greater than the at-
traction. This behavior is fully consistent with the fact
that the Cr + impurity and the vacancy have net charges
of +1 and —2 in the lattice, respectively. (ii) The simulta-
neous effect of the two point defects is lower than the sum
of their individual effects. Besides, the repulsion induced
by the vacancy shows a rapid decay with the distance.
(iii) Our coinputations are in good agreement with the
ionic radii expectationss for the R'(Cr-0) value in the
Op symmetry and with the experimental data reported
for the C4„configuration. (iv) The calculated distortions
for the three con6gurations are consistent with each other
and lead to a very satisfactory global picture of the local
geometry of Cr + centers in MgO.

The above conclusions support our predictions when
compared with the rest of R'(Cr-0) and bond angle es-
timations. It is interesting to note that for the octahe-
dral configuration we obtain a value only 0.01 A. smaller
than the one reported when the Cr06 9 cluster is em-
bedded in a quantum lattice, which coincides with our
prediction &om the seven-ion cluster. The extrapolation
of Sangster, based on the local distortions induced by
a series of trivalent ad ions in Mg0, seems to overesti-
mate the strength of the impurity effect, leading to a
too short Cr-0 separation. The same can be said af-
ter the analysis of the data reported by Yeung (who has
strongly criticized the approach of Du and Zhaos) for the
C4„configuration. In this case, we observe that the clear
effect of the vacancy, manifested in the large 0~-Cr-04
angle and the short Cr-Oq distance, is balanced by the
strong attraction of the impurity center which produces
a Cr-03 separation similar to our prediction. Finally, the
only previous estimation of the local geometry for the or-
thorhombic con6guration is in good agreement with the
calculation presented here.

B. Optical transitions

Potential energy surfaces of the t2- A2 ground state
and the t2- E and t&e - T2 excited states of Cr + doped
MgO have been obtained at the UHF+MBPT level in
the cubic configuration (see Fig. 2). Note that the quan-
tum cluster is embedded in the shell-model lattice. The
calculated results allow us to evaluate the 10Dq param-
eter, (i.e., the energy involved in the t2- A2 —i t2e — T2
absorption), the R-line phosphorescence (t2- E ~ t2- A2

transition), and the t2e — Tz —i t2- A2 broad fluorescence
band. Although these magnitudes belong to some of the
more interesting features of the optical spectrum of Cr +

doped MgO (see Ref. 21 and references therein), we will

not attempt to provide a detailed comparison with ex-
perimental data or other calculated values. Our aim is
restricted to give an illustration of the IcECAp ability in
the study of the electronic transitions located at the Cr +



50 EMBEDDED-QUANTUM-CLUSTER STUDY OF LOCAL. . . 14 863

site. In particular, we are interested in the analysis of the
geometrical relaxations and the correlation effects on the
low-energy transitions.

The computation of the three transitions speci6ed
above is carried out using the so-called ASCF method,
i.e., taking the difference in energy between the two elec-
tronic states involved in the transition. We began with
the calculation of the transition energies in the frozen-
lattice con6guration, where the Cr-0 separation is taken
to be the experimental R(Mg-0) value in the host lattice.
Here, absorption and fIuorescence, obviously, lie at the
same energy (1.51 eV at the UHF+MBPT level). When
the lattice relaxation is taken into account, absorption
and Buorescence lie 0.30 eV and 0.22 eV, respectively,
above the corresponding values at the &ozen lattice. For
the R-line (phosphorescence) transition, the efFect of the
lattice relaxation is, however, almost negligible: 1.62 eV

and 1.63 eV when the lattice is &ozen and relaxed, re-

spectively (see Fig. 2).
The indirect lattice efFect induced by means of the

equilibrium distance in the computed spectroscopic &e-
quencies can be meaningfully related with the character
of the transition. For the intraconfigurational t2- E ~
ts2-422 transition (which is 10Dq independent), it is not
expected that the lattice affects in a different manner the
two states involved, as this is a transition well localized
in the metal. An illustration of this fact is that the equi-
librinm configuration is calculated to be the same (2.03
A.) for both states. For the interconfigurational transi-
tions involving the t2s and t22ei configurations (which are
10Dq dependent), we expect a lowering of the transition
frequency as the R'(Cr-0) value increases. It is worth-
while to note that the computed absorption energies at
the frozen-lattice (1.51 eV) and relaxed-lattice (1.81 eV)

(s) (b)

~og3
I 1LJ

(d)

+o+4 ]7LJ

FIG. 1. Qualitative diagrams of the 0 distortions induced by (a) a Cr + impurity, (b) a Mg + vacancy, (c) a combined
Cr +-[100]Mg + vacancy, and (d) a combined Cr +-[110]Mg + vacancy in the MgO host lattice. Only the movement of the four
0 ions (01-04) in the x-y plane is shown. Black filled circles represent Mg + ions, the empty circle and the empty square
represent the Cr + ion and the vacancy, respectively.
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Oh.

R'(Cr-0)
C4„

R'(Cr-Oi )
R'(Cr-02)
R'(Cr-Og)
Og-Cr-04

C2„
R'(Cr-Oi )
R'(Cr-02)
R'(Cr-Og)
OI-Cr-O4
Og-Cr-03
Og-Cr-06

Present

2.02

1.92
2.03
2.04
90.7

1.99
2.06
2.04
99.2
87.6
166.8

Other data

2.02, 1.85, 2.03'

2.050(4), 1.7720,' 1.90(3)
1.9438,' 2.06(4)

2.0277'
94.02'

Crystal radii, Ref. 9.
"Shell model, Ref. 4.
'Ab initio cluster-in-the-lattice calculations, Ref. 8.
Fitting to spectroscopic data, Ref. 5.

'Application of the lattice relaxation model, Ref. 7.
Extended x-ray absorption fine structure and XANES, Ref.

3.
~Fitting to spectroscopic data, Ref. 6.

TABLE I. Local geometry of the six 0 ions surrounding
Cr + in the three configurations reported for the MgO:Cr +

system. See Fig. 1 for notation. Numbers in brackets are
reported uncertainties in the last digit. Distances are in A,
bond angles are in degrees.

cies. Note that the inclusion of the correlation corrections
(MBPT) does not modify significantly the UHF equilib-
rium configurations. However, after the correlation cor-
rections are taken into account, there is an overall better
agreement between the computed and observed transi-
tion data. As an example, the UHF, UHF+MBPT, and
experimental values for the absorption energies show the
following progression: 1.74 eV, 1.81 eV, and 2.00 eV. It
is to be noted that the correlation corrections increases
(decreases) the values obtained for the absorption (phos-
phorescence), as corresponds to the expected opposite
shifts suffered by the T2 and E curves with respect to
the ground state in the UHF+MBPT calculations. In
general, the discrepancies obtained with respect to the
observed datai 22 are less than 10%%uq in the case of our
more refined calculation (UHF+MBPT and fully relaxed
lattice). When the magnitudes involve difFerences be-
tween two transitions, as in the T2 ~ E nonradiative
transition or in the vertical Stokes shift (6,), the agree-
ment is greatly improved (see Table II) which should be
seen as an indication of the consistency of our compu-
tational method. Nevertheless, these calculated energies
are to be taken with caution because the computed dif-
ferences do not involve vibrational effects, and they may
play an important role for such small quantities. Besides,
the spin-orbit coupling of the two excited states will alter
not only the energy differences but also the spin identity
of the states.

levels follow the expected distance sequence: 2.106 A and
2.03 A, respectively. Moreover, at the equilibrium config-
uration found for the T2 state [R'(Cr-O)=2. 05 A.j, the
fiuorescence lies between the two previous values (1.73
eV), confirming the correlation between interconfigura-
tional transitions and Cr-0 separations.

We now proceed to discuss electron correlation effects
on the computation of electronic spectroscopic frequen-

Energy (eV)-4.5

2E

-6.0—
1.81 eV 1.63 eV

'l. 51 eV I 62 eV

V

~elaxecI lat tice frozer; ~at tice

—7.5
1.95 2.00 2.05

R'(Cr-0)
2.10 2.15

FIG. 2. Potential energy surfaces for the ground state and
lorn-lying excited states of MgO:Cr + at the UHF+MBPT
calculations in the cubic configuration. Symbols represent
calculated values. The absorption (filled arrow) and phos-
phorescence (empty arrow) transitions are illustrated for the
relaxed- and frozen-lattice configurations. Units for R'(Cr-0)
are A. .

C. Pressure dependence of Dq and local
compressibility

In spite of the different definition of the 10Dq parame-
ter in the crystal-field theory and in the HF-SCF molec-
ular orbital approach, 2 it is generally assumed that the
computed absorption energy changes approximately with
R'(Cr-0) according to this equation:

10Dq = CB' (3)

which is only exact in the point-charge crystal-field
&amework. 24

To verify the above suggestion, we investigate the pres-
sure dependence of the Dq parameter up to 30 GPa. At
each given hydrostatic pressure (0, 2.15, 4.95, 8.23, 16.87,
and 29.9 GPa), we obtain the corresponding R(MgO) val-
ues (2.106, 2.097, 2.086, 2.074, 2.046, and 2.011 A) using
the experimental equation of state. We then perform
total energy computations at the UHF+MBPT level in
the A2 ground state to determine the equilibrium R'(Cr-
0) configurations at each lattice parameter value. At
the computed optima R' separations [R'(Cr-O)=2. 030,
2.026, 2.021, 2.016, 2.001, and 1.9849 A.], we use the ver-
tical approximation to calculate the energy of the T2
state and then generate 10Dq values by total energy dif-
ferences. If Eq. (3) is valid to describe the 10Dq varia-

D R' I

tion with R'(Cr-O), the logio ~ versus logio &', plot
should be a straight line with slope equal to 5. In these
expressions the subscript 0 means zero pressure.

Such a log-log plot appears in Fig. 3 with a slope of
4.8 demonstrating that Eq. (3) describes accurately the
Dq(R') function in the present case. Moreover, Fig. 3
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TABLE II. Computed relaxed lattice and observed data for the transitions involving the ground
state and lour-lying excited states of cubic Cr + doped MgO. 4, stands for the vertical Stokes shift.
Values in eV.

UHF
UHF+MBPT
Experimental

'A& m T2
1.74
1.81
2.00

2E ~ 4A2

1.74
1.63
1.78

4T~ ~ 4A~

1.70
1.73
1.91

4T~ ~ 'E
-0.07
0.10
0.13

0.04
0.08
0.09

Reference 1.
Reference 22.

0.05 log(Dq/Dqo)

0.04 '

0.03

X=R'(Cr-0)

/

g-0)

also shows an increase of 11% in Dq at 30 Gpa with re-
spect to its zero pressure value. Similarly, experimental
studies on ruby have found that Dq increases by 15%
at 30 GPa. However, when our values are coxnpared
with the data reported by Minomura and Drickamer
on Cr3+ doped MgO, there is an apparent disagreement
since 11% increase is already obtained in their experi-
ments at 10 GPa. We do not have any plausible expla-
nation for these contradictory results. Nevertheless, it
is to be noted that the Dq-pressure curve obtained by
Minomura and Drickamer shows an asymptotic behavior
after approximately 10 GPa. In analogous experixnents
on ruby, Stephens and Drickamer observed again the
same conduct, which contrasts with the trend (almost
linear) of the corresponding function in the more recent
experiments of Duclos et al.

A similar log-log plot involving Dq and the R(Mg-0)
separation, instead of R'(Cr-O), is included in Fig. 3.
It is easy to demonstrate that when the slope of the
straight line obtained for X = R(Mg-0) is less than the
one for X = R'(Cr-O), the local compressibility at the
host cation site is greater than that at the impurity site.
Such result can be directly inferred from the R(Mg-0)
and R'(Cr-0) values reported above: the Mg-0 and Cr-
0 separations in MgO are reduced by 4.5% and 2.2%,
respectively, when pressure changes from 0 to 30 GPa.
This behavior seems to be reasonable, since it is expected
that the Crs+-02 bond will be stronger than the Mg2+-
02 one because of the extra positive charge. Support
to our predicted conduct is also found from other argu-
ments. Accordingly, Sangster has studied the effects of

hydrostatic and uniaxial stress on impurity-doped ionic
crystals concluding that the strain around the impurity
is proportionality to the strain induced in the host lat-
tice. The proportional constant is about one for iso-
valent impurities, but lower than one for impurities in-
troducing extra positive charges in the lattice. Zheng
has also remarked that the discrepancies between calcu-
lated and experimental spin-lattice coupling coefficients
for MgO:Cr + can be resolved if the crystal were harder
in the vicinity of the impurity, which would lead to re-
ductions of local strains.

Contrary to the above picture, the analysis of Mino-
mura and Drickamer's experimental data reveals that the
compressibility at the Cr + site is greater by a 1.12 factor
than that at the host cation site. This conclusion emerges
from the log-log plot they obtained using Bridgxnan's
data for the MgO equation of state and employing Eq.
(3) for the Dq dependence on R'(Cr-0). Since in this
case the theory-experiment mismatch involves not only
our data, but the conclusions from the analysis of other
difFerent phenomena, it is relevant to suspect that some
of the assumptions taken to infer the local compressibility
from the experiments are not appropriate. For example,
the use of the pure MgO equation of state to describe the
pressure values of the Cr3+ doped MgO system is only
exact in the limit of infinite dilution. This ideal condi-
tion is given in our computer simulations but not in the
real experiments. In that way, a finite concentration of
the Crs+ impurity (not reported in Minomura and Drick-
amer paper) may modify the true lattice parameter at a
given pressure with respect to the predicted value using
the MgO equation of state. It is expected, finally, that
those changes increase with the impurity concentration
and as the pressure is applied. Therefore, we believe that
further experimental investigation on the response of the
local properties (such as d-d transitions) to pressure for
the MgO:Cr + system is warranted in order to clarify the
discrepancies reported in this work.
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tances (Xs/X).
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