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The present paper concerns a combined x-ray diffraction and absorption study of gallium phosphide �GaP�
at high pressure up to 39 GPa. The aim of this study is twofold: To clarify the nature of the high pressure phase
using x-ray diffraction and to determine the degree and the evolution of the short range chemical order using
x-ray absorption. The analysis of x-ray diffraction shows that GaP transforms to a Cmcm structure and the
absence of the “difference reflections” indicates that the Cmcm structure lacks long-range chemical order. In
this system, the EXAFS is compatible with the hypothesis of a chemically ordered Cmcm local environment.
The comparison between the XANES region of the spectra and multiple scattering calculations confirms this
hypothesis, clearly showing that the Cmcm is short-range chemically ordered. The local environment of Ga is
given by 6 P atoms and short-range Ga-Ga interactions are not likely to occur in this system, at least up to
39 GPa. This result shows that even in a compound with a relatively low ionicity of the bonds, this parameter
dictates the short-range interactions up to very high pressures.
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I. INTRODUCTION

Angle dispersive x-ray diffraction �ADXRD� applied to
high pressure structural studies has led to a reevaluation of
the high pressure phase diagram of many materials.1 At the
same time developments in theoretical calculations have al-
lowed to explain the reason of the occurrence of certain high
pressure structures and also to predict the occurrence of
stable high pressure phases.2–5 A typical case of this scenario
is the reformulation of the structural sequences as a function
of pressure of the octect compounds A�n�B�8−n�. The unani-
mously accepted structural sequence for these compounds
was the direct transformation from the open fourfold coordi-
nated zincblende �ZB� structure to the quasi-sixfold �-Sn
structure, or, first to the sixfold NaCl and then to the �-Sn
depending on the ionicity of the bonds.6 In the light of the
systematics, the NaCl structure was found to be stable for a
narrow energy range and the �-Sn was found not to occur in
any of the III-V and II-VI systems at high pressure and room
temperature,7 although a �-Sn structure has been observed in
the more covalent GaSb8 and in InSb9 after heating at high
pressure. The actual phases were found to have lower sym-
metry orthorhombic structures with space groups Cmcm or
Imm2 and Imma. Although the occurrence of the orthorhom-
bic structures has been assessed by ADXRD and their occur-
rence seems to be systematic for the octet compounds and in
particular for the III-V semiconductors,7 the determination of
the site-ordering of the high pressure phases still remains a
matter of debate. The determination of the site-ordering of
those systems, such as InSb and GaAs, where the two atomic
species have very similar scattering power, becomes difficult
at high pressures for diffraction techniques, due to important
peak broadening. For GaP, where Ga and P have very differ-
ent scattering powers, ADXRD evidenced a long-range site-
disorder at high pressure.7 However, the fact that the average
structure is site-disordered does not exclude the possibility of
ordering over a short-range scale.

The local atomic environment yields information on fun-
damental interactions between atoms. Therefore, only infor-
mation on local chemical order allows to verify theoretical
methods that yield to the formulation of models used to re-
produce the thermodynamic and structural properties of mat-
ter. In this context, x-ray absorption spectroscopy �XAS� can
have an important and complementary role to diffraction
techniques because, probing selectively the local environ-
ment around the photoabsorber atom, it is able to distinguish
chemical order from chemical disorder over a short length
scale.

The first structural studies of GaP showed that the high
pressure phase had a �-Sn structure.10,11 A following XAFS
study12 used a model based on the �-Sn structure to fit the
experimental data of GaP at high pressure and found that the
local environment was well reproduced with such a model,
given by 4 P and 2 Ga atoms as first and second neighbors. A
more recent experiment using ADXRD has shown that the
actual high pressure structure of GaP has a Cmcm symmetry
with a clear lack of long-range chemical order.7 A first-
principle study of the high pressure structural properties on
several III-V compounds3 has demonstrated that after a first
phase transition to an SC16 phase, the latter becomes un-
stable to the �-Sn structure at 20.3 GPa and to the Cmcm at
20.4 GPa. However, as pressure is further increased, the
�-Sn structure becomes more stable than Cmcm. This over-
view of previous work suggests conflicting results regarding
the nature of the high pressure phase of GaP. In particular, it
is worth noting that the structural model based on the �-Sn
symmetry, which has been debated, still allowed a good fit-
ting of EXAFS data.12

In this contribution, we present an experimental study
combining ADXRD and XAS of GaP at high pressure up to
39 GPa. The aim of this work is to elucidate the high pres-
sure phase of GaP and in particular to give an insight on the
short-range chemical ordering. The paper is organized as fol-
lows. In Sec. II we describe the experimental details of the
ADXRD and XAS experiments. In Sec. III we show the data
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and their qualitative evolution with pressure. In Sec. IV we
present the results deriving from full Rietveld refinement for
the ADXRD data and from the EXAFS analysis for the XAS
data. In Sec. V we give details of the full multiple scattering
calculations of the x-ray absorption near-edge structure
�XANES� for the high pressure phase of GaP and we show
the comparison with the experimental data. Finally, in Sec.
VI we discuss the results and give several conclusions.

II. EXPERIMENT

The XRD and XAS experiments have been both carried
out at the European Synchrotron Radiation Facility at beam-
lines ID30 and ID24 respectively. The pressure was gener-
ated using a Le Toullec-type and a Chervin-type diamond
anvil cells for the XRD and XAS experiments respectively,
equipped with standard diamonds of 320 �m diameter flat. A
fine powder of GaP ground from polycrystalline stock �Alfa
Aesar, purity 99.999%� was loaded in a stainless steel gasket
with a hole of 120 �m of diameter and an initial thickness of
30 �m together with a 4:1 mixture of methanol:ethanol as
pressure transmitting medium and a ruby sphere for the pres-
sure measurements.13 The data were recorded at room tem-
perature. The maximum pressure reached was 39 GPa. For
the XRD experiment the wavelength selection was made us-
ing a Si �111� monochromator tuned to �=0.3738 Å. Pat-
terns were recorded using a MAR345 image plate detector
with 100 �m pixel resolution. The sample-detector distance
was calibrated by a Si-filled gasket at the sample position.
Two-dimensional image plate data were corrected for spatial
distortion and integrated with FiT2D to produce a 2�-I
pattern.14

The XAS data were recorded at the gallium K-edge �E
=10.367 keV�. The beam was focussed horizontally by a
curved polychromator Si�111� crystal in a Bragg geometry
and vertically with a bent Si mirror placed at 2.8 mrad re-
spect to the direct beam.15 The Bragg diffraction peaks aris-
ing from the diamond anvils were removed from the energy
range of interest by changing the orientation of the diamond
anvil cell and following in real time the intensity of the trans-
mitted beam on a two-dimensional detector. In this case, the
Bragg reflections limited the k range of the spectra to
�11 Å−1. Although we performed two distinct experiments,
the loading conditions �diamonds flats, sample thickness,
pressure transmitting medium� were kept the most similar as
possible for the two experiments. The only remarkable dif-
ference between the two loadings was the position of the
ruby sphere that was placed in the center and off-center of
the sample for the XRD and XAS experiments respectively.
This was necessary for the XAS experiment to avoid any
interaction between the x-ray beam and the ruby, detrimental
to the data quality.

III. DATA EVOLUTION WITH PRESSURE

Figure 1 shows some ADXRD data at selected pressures.
At room pressure GaP crystallizes in a ZB structure. The
onset of the phase transition is at 31 GPa with the appear-
ance of new Bragg reflections at 2��9° and 12.7°, indicated

by arrows in the pattern at 32 GPa of Fig. 1. At 39 GPa the
transition is almost complete although the �111� reflection
corresponding to the ZB structure at 2��7° is still detect-
able.

Figure 2 shows some XAS data at some selected pres-
sures and the extracted k��k� signals. For this set of data, we
observe that the onset of the phase transition is at 26 GPa
and at 31 GPa the transition is complete.

The difference in the transition pressure depends on the
position of the ruby chip for the pressure measurements. In
the XAS data the chip has been placed off center to avoid
any interaction between the x-ray beam and the sample re-
sulting in a erroneous normalization of the XAS spectra. As
a consequence of this, the pressure is underestimated for the
XAS data points. The change in the main frequency of the
oscillations from 1.3 GPa to 39 GPa reflects the different lo-
cal environment around Ga when going from a ZB structure
with 4 P first neighbors to a structure with different local
symmetry. The data at 28 GPa well describes the mixture of
the two phases.
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FIG. 1. Background subtracted XRD data at selected pressures.
The arrows indicate the new Bragg reflections relative to the high
pressure phase of GaP �GaP-II�.
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FIG. 2. Left panel: Normalized XAS spectra of GaP at selected
pressures. Right panel: Corresponding extracted k��k� EXAFS sig-
nals. The spectra drawn in continuous line correspond to the GaP-I,
in dashed line to the mixed GaP-I/GaP-II, and in dotted line to the
GaP-II.
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IV. QUANTITATIVE ANALYSIS

The experimental spectra were analyzed using the Ri-
etveld refinement method.16 The full-profile refinement was
performed using the GSAS17 package. The background of
the spectra was fitted using Chebyshev polynomials of the
first kind. The peak profile fitting was based on pseudo-Voigt
functions. Moreover, preferred orientation correction was
taken into account using the spherical harmonics functions.

The EXAFS data analysis has been performed using the
codes from the UWXAFS package.18 The experimental
XAFS functions ��k�, were obtained after subtracting the
embedded-atom absorption background from the measured
absorption coefficient and normalizing by the edge step us-
ing the program ATHENA.19 Phase shifts for photoabsorber
and backscatterer atoms have been calculated by FEFF820

using a self-consistent energy dependent exchange correla-
tion Hedin-Lundqvist potential. Structural data for the GaP
phases used by the ATOMS program21 to prepare the input
for FEFF8 were taken from Ref. 22 for the ZB structure,
from the Rietveld refinement of ADXRD data for the Cmcm
structure and from the structural parameters of Itié et al.12 for
the �-Sn.

A. GaP-I

The ADXRD data from ambient pressure to 30.2 GPa
were Rietveld refined in order to obtain the variation of the
cell parameter of GaP in the ZB structure as a function of
pressure. Figure 3�a� shows the data and the Rietveld fit of
the data at 12.6 GPa. The lattice parameter measured at am-
bient pressure was 5.455 Å.

The EXAFS data from 0.4 GPa to 23 GPa were also fit-
ted using the structural model based on a ZB structure
obtained from diffraction. The k range of the experimental
EXAFS function ��k� limited the number of structural pa-
rameters that could be left free during the minimization pro-
cedure. The fits were performed using the theoretical signals
relative to single scattering between the photoabsorber and
the first three neighbors shells constraining the distances to
the crystallographic structure. Figure 3�b� shows the XAS
data and the fit at 12 GPa. Figure 3�c� shows the evolution as
a function of pressure of the cell parameter of GaP-I as ob-
tained from the Rietveld refinement �circles� and calculated
from the bond distances values obtained from the EXAFS
analysis.

B. GaP-II

The ADXRD data at 39 GPa show that the GaP-I to
GaP-II transition is almost complete although the �111� re-
flection of the ZB can still be identified at �7°. The pattern
at 39 GPa could be indexed using a Cmcm phase and a ZB
fraction below 10%. The resulting fit is illustrated in Fig. 4.

The lattice parameter of the ZB structure at 39 GPa is
5.080�4� Å. The refinement of the Cmcm phase at 39 GPa
gives a=4.679�5� Å, b=4.933�6� Å, and c=4.728�5� Å. The
internal coordinates are y�Ga/P�=0.661�7� and y�Ga/P�
=0.189�7�. The absence of the �111� reflection and the weak-

ness of the �110� at 2��6.3° suggest that the structure lack
of long-range site order.

The analysis of the EXAFS data of GaP in the high pres-
sure region presents an intriguing scenario. In fact, the EX-
AFS data reported in Ref. 12 could be fitted using a model
based on a �-Sn structure for GaP-II that was the only struc-
tural model proposed at that time. Nevertheless, in the
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FIG. 3. �a� Rietveld fit of XRD data at 12.6 GPa. �b� XAS data
and fit �dashed and continous lines, respectively� at 12 GPa. The
bottom dotted line is the residual function. �c� Evolution as a func-
tion of pressure of the cell parameters of GaP-I as obtained from
Rietveld refinement �circles� and calculated from the bond distances
values obtained from the EXAFS analysis �squares�.
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present work we claim, in agreement with Nelmes et al.,7

that the structure is not �-Sn, but has a Cmcm symmetry. We
use EXAFS to distinguish �-Sn from Cmcm, assuming for
the latter a chemically ordered environment. We shall then
show from XANES analysis that this assumption is correct.

The local environment of Ga in GaP in an ordered Cmcm
structure as from the structural parameters reported in this
work and in a �-Sn structure as reported by Itié et al.12 are
given in Table I.

While in the �-Sn structure the photoabsorber presents
two well defined shells of P and Ga, respectively, in the
Cmcm structure the photoabsorber is surrounded by 6 P at-
oms at distances between 2.33 Å and 2.60 Å. In Fig. 5�a� we
show the calculated k��k� signals relative to the single scat-
tering Ga-P signal at 2.41 Å and to the Ga-Ga signal at
2.44 Å corresponding to the �-Sn local environment. The
lower curve represents the sum of the two signals. Figure
5�b� shows the calculated k��k� signals relative to the Ga-P
single scattering signals at the four different distances re-
ported in Table I and the lower curve represents the sum. In
Fig. 5�c� the two sum curves are compared directly. It is
interesting to notice that up to k�6 Å−1, besides a small
difference in the overall amplitude, the two calculated curves
present a similar main frequency, whereas at higher k the
difference between the two curves becomes more important
and a fitting over the shown k range should be able to dis-
criminate between the two models. The two compared curves
are the sum of calculated k��k� signals where no Debye-
Waller factor is included and no fitting is performed.

On the basis of the calculations of the theoretical signals
discussed above the fitting of the data at 37.5 GPa was per-
formed using the two structural models. All the results are
summarized in Table II. For the �-Sn model two scattering
signals were used, corresponding to 4 P atoms at 2.41 Å and
2 Ga atoms at 2.44 Å as nearest neighbors. Leaving the Ga-P
and the Ga-Ga distances together with their relative Debye-
Waller factors as free parameters �fit �-free on Table II�

yields Ga-P and Ga-Ga distances not compatible with a �-Sn
structure and nonphysical values for the Debye-Waller fac-
tors. In order to guarantee a local environment compatible
with a �-Sn structure we constrained the two distances Ga-P
and Ga-Ga to vary with the same �R �fit �-constrained on
Table II� and we left the Debye-Waller factors as free param-
eters. In this case the Ga-Ga signal is overdamped leading to
a zero contribution of such a signal in the fitting of the ex-
perimental XAFS.

For the Cmcm model we have approximated the distribu-
tion of the first 6 P atoms as two groups of 3 atoms at two
different distances.23 The structural parameters are reported
in Table II.

Figure 6 reports the fit using the Cmcm models. Although
the residual function �Fig. 6, left panel, bottom curve� con-
tains frequencies associated to higher distances shells and to
multiple scattering contributions, the first peak of the Fourier

TABLE I. Atomic cluster surrounding the Ga atom for GaP in
�-Sn and Cmcm structures within a distance of 2.7 Å.

�-Sn Cmcm

Atom Dist. �Å� Deg. Atom Dist. �Å� Deg.

P 2.41 4 P 2.33 1

Ga 2.44 2 P 2.34 2

P 2.48 2

P 2.60 1

TABLE II. Structural parameters obtained from the fitting of the experimental data at 39 GPa using the
model based on the �-Sn and Cmcm structures.

RGa-P �Å� �Ga-P
2 �Å2� NP RGa-Ga �Å� �Ga-Ga

2 �Å2� NGa R factor

�-free 2.35�1� −0.004�1� 4 2.32�1� −0.002�1� 2 1.5%

�-constrained 2.38�1� 0.005�1� 4 2.41�1� 0.2�2� 2 2.5%

Cmcm 2.34�1� 0.006�2� 3 1.5%
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FIG. 5. �a� Calculated k��k� relative to the Ga-P single scatter-
ing at 2.41 Å and to the Ga-Ga at 2.44 Å corresponding to the �-Sn
local environment. The lower curve represents the sum of the two
signals. �b� Calculated k��k� relative to the Ga-P single scattering at
the four different distances reported in Table I corresponding to the
Cmcm local environment. The lower curve represents the sum. �c�
Comparison between the two sum curves.
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transform is well reproduced by the best-fit calculation using
2 Ga-P single shells scattering signals. Therefore, the results
of the fitting show that the �-Sn structure must be ruled out
and GaP crystallizes with a Cmcm symmetry above 30 GPa.
In order to confirm our results we also performed an addi-
tional analysis of the XANES part of the absorption spectra.

V. XANES SIMULATIONS

The low energy part of a XAS spectrum �XANES region�
is extremely sensitive to the structural details around the ab-
sorbing site such as overall symmetry, distances, and bond
angles, and therefore a full retrieval of the geometrical struc-
ture within 6–7 Å from the absorbing site can in principle be
obtained from the experimental XANES spectra. However,
the quantitative analysis of this region presents difficulties
mainly related to the theoretical approximation in the treat-
ment of the potential and the need for heavy time consuming
algorithms to calculate the absorption cross section in the
framework of a full multiple scattering approach. Therefore,
we have compared qualitatively our data to ab initio simula-
tions obtained by performing full multiple scattering calcu-
lations using the FEFF8 package.20

A. Method of calculation

We used a self-consistent energy dependent exchange cor-
relation Hedin-Lundqvist potential to simulate the XANES
of the high pressure GaP. Self-consistency was obtained by
successively calculating the electron density of states, elec-
tron density and Fermi level at each stage of the calculation
within a cluster centered on the atom of 5.30 Å �56 atoms�
and 5.15 Å �34 atoms� of radius for �-Sn and Cmcm struc-
tures respectively, and then iterating. Full multiple scattering
XANES calculations up to a photoelectron wave vector
value of k=6 Å−1 �corresponding to a photoelectron energy
of about E�130 eV� were carried out for a larger cluster of

atoms centered on the photoabsorber of a radius of 6.0 Å �69
atoms� and 6.7 Å �84 atoms� for �-Sn and Cmcm structures,
respectively. All multiple-scattering paths within these clus-
ters were summed to infinite order. Besides the structural
information defining the geometry of the cluster, the only
external parameters used as input for the simulations were a
constant experimental broadening and an offset in the energy
scale. No thermal or static disorder factor was added to the
simulations.

We performed simulations for the different observed high
pressure phases for GaP: i.e., �-Sn and Cmcm. For the �-Sn
structure the cluster was built using structural parameters cal-
culated from the Ga-Ga and Ga-P bond distances obtained by
Itié et al.12 and assuming that those distances corresponded
to a tetragonal cell of space group I-4m2 with two internal
atomic position at �0, 0, 0� and �0,1 /2 ,1 /4�. The resulting
cell parameters were a=4.663 Å and c=2.44 Å. For the
Cmcm structure we built ordered as well as disordered clus-
ters. In the former case the composition of each coordination
shell was determined by the space group symmetry and by
the cell internal site occupation of each atom, as defined by a
long range site ordered structure and as obtained by the Ri-
etveld refinement of the ADXRD data. In the latter case,
chemically disordered local environments around the ab-
sorber atom were approached by randomly mixing the
chemical composition of each coordination shell in the
chemically ordered clusters. To obtain a simulated XANES
spectrum that took into account a random disorder of the
structure we used the following strategy. We ran first a FEFF
calculation on two chemically disordered clusters: say d1
and d2. We averaged the two calculated spectra and obtained
ave2 �ave2= �d1,d2��. On a third chemically disordered
cluster we simulated a third XANES spectrum: say d3. We
averaged the three spectra to obtain ave3= �d1,d2,d3� and
so on. Figure 7 shows �left panel� some selected average
spectra ave�n� and ave�n−1� and the corresponding differ-
ences ave�n�−ave�n−1� �right panel�. After 25 spectra cal-
culated on 25 randomly disordered clusters, the mean value
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of the points distribution of ave�n�−ave�n−1� was always
less than 10−3.

This way of proceeding assumes rigid Ga-Ga and Ga-P
bond lengths. In fact, the different dimensions of the Ga and
P atoms as well as the different electronegativities of the
Ga-Ga and Ga-P bonds lead inevitably to different Ga-Ga
and Ga-P bond lengths �bond relaxation�. To take into ac-
count and to verify whether and how the effect of the bond
relaxation is relevant respect to the chemical mixing, we
considered one of the 40 XANES simulations performed on
one disordered cluster whose difference with the average of
the 40 simulations was minimum. We relaxed the Ga-Ga and
Ga-P distances of several amounts from �= ±0.01 up to �
= ±0.04. For each value of the relaxation parameter we re-
laxed both �i� the whole cluster and �ii� only the atomic po-
sitions at a distance less than 3 Å from the photoasborber. To
relax the bond lengths of the requested quantity � we scaled
the atomic coordinates of each atom such as

dGa-Ga
relaxed = dGa-Ga + � ,

dGa-P
relaxed = dGa-P − �

and such as to conserve the same bond directions as those of
the nonrelaxed cluster.

We found that the differences between the simulated spec-
tra on the nonrelaxed and relaxed clusters increase with the
relaxation quantity �. For the same �, relaxation of the
whole cluster or only for r�3 Å from the photoabsorber,
gave similar results, indicating that XANES spectra are af-
fected mainly by the positions of the closest atoms. Figure 8
�left panel� shows from bottom to top the simulated spectra
of GaP in the ordered Cmcm structure �Cmcm-ord�, the av-
erage of 40 spectra calculated on 40 randomly disordered
clusters �ave40�, the simulated spectra on the randomly dis-

ordered cluster whose difference with the average ave40 is
minimum �d1� and the spectrum calculated on the same re-
laxed cluster �d1rel� �whole cluster relaxed, �= ±0.04 Å�.
On the right panel of Fig. 8 we plot the differences between
the spectra of the left panel. The difference between the rigid
and the relaxed cluster �d1-d1rel� is about 2% of the absorp-
tion jump, whereas the difference between the chemical dis-
ordered and ordered cluster �(Cmcm-ord)-ave40� reaches
15% of the absorption jump. Therefore this analysis shows
that the relaxation of the bond lengths has a negligible effect
respect to the chemical mixing. For this reason, in the fol-
lowing sections we will always refer to the spectrum ave40
as a model for GaP in the disordered Cmcm structure.

B. Results

Figure 9 shows from bottom to top the simulated spectra
of GaP in the �-Sn structure �spectrum a� and in the disor-
dered and ordered Cmcm structures �spectra b-d and b-o�. At
energies above 10 400 eV the spectra a and b-o present simi-
lar features, while important variations can be observed just
above the absorption edge. In particular the spectrum a pre-
sents a feature at �10 390 eV that is not observed in any
other simulated spectrum �nor in the experimental one�. For
the simulated spectra in the Cmcm structure, chemically mix-
ing of each shell leads to important variations above
10 390 eV. In fact, the chemical disorder �different atomic
species are in the same positions� introduced with the ran-
dom mixing of each coordination shell almost doubled the
main frequency respect to the spectrum b-o and heavily re-
duced the amplitudes of the oscillations. The region just
above the absorption edge presents as well differences al-
though the shoulder at the right of the white line is common
to the two spectra. The top spectrum of Fig. 9 represents the
experimental XANES data at 39 GPa. The agreement with
the spectrum b-o is striking considering the absence of ad-
justable parameters in the theory: All the features are well
reproduced. The comparison of the data with the simulated
spectra excludes a chemical disorder around the Ga atom
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�due to the disagreement at energies above 10 390 eV with
spectrum b-d�, and at the same time excludes the occurrence
of the �-Sn structure �due to the disagreement just above the
absorption edge�. This result is consistent with recent XRD
diffraction works7 �including our own�, which show chemi-
cal disorder on long range. Furthermore, it indicates that
whereas chemical order is lost over many lattice cells, or is
not detectable by long-range probing techniques �i.e., XRD�,
GaP on a local atomic scale does conserve a high degree of
chemical order.

VI. CONCLUSIONS

In conclusion, we performed combined XRD and XAS
measurements on GaP-II up to 39 GPa. XRD data showed
that the GaP-II phase has a Cmcm symmetry in agreement
with previous results. The absence of “difference reflections�
indicates a lack of long range chemical order. The EXAFS
analysis of data corresponding to GaP-II shows a local envi-
ronment corresponding to a Cmcm structure. Full multiple

scattering XANES calculations were used to analyze the lo-
cal chemical ordering. Indeed, the comparison of the
XANES spectra with multiple scattering calculation confirms
unequivocally the occurrence of a Cmcm symmetry with a
high degree of local chemical ordering. This means that, not-
withstanding the low ionicity of this compound, this param-
eter dictates the short range interaction even at high pres-
sures. The local environment of Ga in GaP-II is given by 6 P
neighbors and short-range Ga-Ga interactions are not likely
to occur in this system at least up to 39 GPa. We have also
shown that the relaxation of Ga-P and Ga-Ga distances in the
disordered clusters has a negligible effect on the XAS data
with respect to that of chemical disorder.
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