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Crystal structural evolution of europium gallium garnet (Eu3Ga5O12; EGG) has been investigated

by a combination of synchrotron x-ray diffraction, Raman scattering, and photoluminescence

spectroscopy in a high-pressure diamond anvil cell. The cubic garnet EGG mostly collapses into an

amorphous state upon compression to 85 GPa at room temperature. High-pressure Raman and

photoluminescence spectra indicate that the amorphization process is related to the interaction and

deformation of the tetrahedra GaO4 and octahedra GaO6 under compression, leading to the

increase of the asymmetry of the local oxygen environment around the Eu3þ site with increasing

pressures. The amorphization of EGG is associated with the overlapping of the tetrahedra and

octahedra and the increase of the average coordination numbers of the Ga3þ ions in the amorphous

state. X-ray diffraction spectra of EGG taken from a laser-heated diamond anvil cell demonstrate

that the pressure-induced garnet-to-amorphous transition could result from the kinetic hindrance of

a crystal-to-crystal phase transition at room temperature, rather than the decomposition reported

earlier. VC 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4827836]

I. INTRODUCTION

The pressure-induced crystalline-to-amorphous transfor-

mation in the solid state has been the focus of intense study

recently and has been observed in many materials1–5 since the

amorphization of the solid H2O was found at 1 GPa and

77 K.6 Specifically, the pressure-induced amorphization (PIA)

has been observed in the rare earth element (REE) garnets.7,8

It has been reported that Gd3Sc2Ga3O12 (GSGG), Gd3Ga5O12

(GGG), and Y3Fe5O12 (YIG) transform to an amorphous state

at 58 GPa, 84 GPa, and 50 GPa,7,8 respectively. The PIA tran-

sition in the REE garnets is shown to be irreversible. Because

REE garnets doped with different REE elements have fasci-

nating optical luminescent properties, which could serve as

laser materials and new optical pressure sensors,9–16 under-

standing the structural evolution, thermodynamics, and driv-

ing mechanism of the crystalline-amorphous transformation is

of great interest both from the fundamental and application

points of view. However, few studies are focused on the struc-

tural change of the REE garnets to demonstrate the amorph-

ization process in these systems.

REE garnets with the chemical formula R3B2C3O12, where

R, B, and C denote the dodecahedral, octahedral, and tetrahe-

dral sites in the lattice, respectively, have a cubic structure with

a space group Ia�3d and eight formula units in the unit cell. In

the cubic structure, the R site is occupied by REE cations, while

the B and C sites are occupied by Al3þ, Ga3þ, Fe3þ, or Sc3þ

cations. The octahedra and tetrahedra form three-dimensional

corner-sharing network in which each oxygen atom is shared

by two dodecahedra, one tetrahedron, and one octahedron

(Fig. 1). Similar to the reported PIA transitions in the REE

garnets, a number of the network-structured compounds such

as ZrW2O8,
3 ZrMo2O8,

17 Sc2(MoO4)3,
18 Sc2(WO4)3,

19

Eu2(MoO4)3,
5 Dy2Mo4O12,

4 and ZrV2O7
20 are also observed to

undergo crystalline-to-amorphous transitions at high pressures.

Previous theoretical and experimental results provide evidence

on the distortion and tilting of the tetrahedra as well as an

increase of the cation coordination number in the amorphiza-

tion of these network-structured compounds.3,5,17,21,22 It has

been found that their transition pressures (<10 GPa) are sys-

tematically lower than that of the REE garnets (>50 GPa), sug-

gesting a strong influence of the pressure-induced changes of

the local oxygen environment around the R site on the amorph-

ization process. Therefore, studying the structural changes of

the REE garnets, such as Eu3Ga5O12, can provide new insights

into the underlying mechanisms of amorphization in the

network-structured compounds.

A number of mechanisms including chemical decom-

position and kinetic hindrance have been proposed to

explain the pressure-induced amorphization in various

materials.1,4,7,23–25 The decomposition process was

reported in the YIG and Y3Al5O12 (YAG) garnets that were

decomposed to 3YFeO3þ Fe2O3 and 3YAlO3þAl2O3 at

high pressure and high temperature (P-T) conditions.26

Different from the decomposition scenario, x-ray diffrac-

tion results from the laser-heated DAC experiments show

that amorphous GGG and YIG transformed to a single

cubic or orthorhombic perovskite structure at high P-T con-

ditions.27,28 Additionally, we observed the garnet-to-perov-

skite phase transition in GSGG at 24 GPa and 1500–2000 K

in our previous work,29 rather than the decomposition of

GSGG. It seems that the kinetic hindrance of the equilib-

rium phase transitions leads to the amorphization of the

REE garnets under high pressures. Additionally, Gavriliuk

et al.8 concluded that the local atomic structure in the
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pressure-induced amorphous YIG consists of the FeO6 octa-

hedral complexes with an overall Y3Fe5O12 formula from

the x-ray diffraction patterns, further ruling out the proba-

bility of decomposition.

In order to decipher the PIA process in REE garnets, we

have studied the crystal structural evolution and amorphization

of europium gallium garnets (Eu3Ga5O12; EGG) under high

pressures using synchrotron x-ray diffraction, Raman scatter-

ing, and photoluminescence spectroscopy. Analyses of the

x-ray diffraction spectra reveal variations of the cationic

sublattice with elevated pressures. Raman spectra of EGG

are used to investigate pressure-induced evolution of the

octahedral-tetrahedral network via variations of the phonon

vibrational mode, while the fluorescence spectroscopy of

the Eu3þ ions in EGG can provide information about the

pressure-induced variation of the local oxygen environment

surrounding the dodecahedral site, which is connected to the

change of the octahedra and tetrahedra. Consequently, the

combination of these techniques can provide new insight into

the structural change and the amorphization process of the

REE garnets. Additionally, the discussion of the thermody-

namics and driving mechanism of the crystalline-to-amorphous

transition is presented.

II. EXPERIMENTAL DETAIL

Polycrystalline EGG starting samples were synthesized

using the standard solid-state reaction technique.30 X-ray dif-

fraction and Raman scattering analyses of the synthesized

sample confirmed that it has a pure single phase in the cubic

garnet structure with a space group Ia�3d. Figure 2 shows the

Rietveld refinement of the x-ray diffraction pattern at ambi-

ent conditions with the lattice parameter (a) of 12.3861(2) Å.

The oxygen atom has the general coordinate (0.0259(4),

0.0595(5), 0.6570(6)).

High-pressure x-ray diffraction experiments were per-

formed using a pair of diamond anvils (DAC) with 150 lm

or 300 lm culet sizes. In the first run, the sample was mixed

with Pt which served as the pressure calibrant,31 while NaCl

was used as pressure transmitting medium. The sample was

compressed to �85 GPa and observed to undergo crystalline-

amorphous transition. In the second run, a disk of the sample

without Pt was loaded into a sample hole with neon as the

pressure transmitting medium and ruby spheres serving as

pressure calibrants.32 In the third run, the powder sample

was mixed with �8% Pt which served as the pressure cali-

bration and laser absorber. The argon was cryogenically

loaded into the sample chamber as a pressure medium and

thermal insulator. The sample was compressed to �24 GPa

and was laser-heated to 1500–2000 K. The experimental con-

ditions and purposes were summarized in Table I.

In situ high-pressure angle dispersive x-ray diffraction

experiments were conducted at the 4W2 beamline of the

Beijing Synchrotron Radiation Facility (BSRF) with a wave-

length of 0.6199 Å and a beam size of approximately

26� 8 lm2 (FWHM). X-ray diffraction patterns were col-

lected using an image plate detector (MAR345), and were

integrated using the Fit2D software package.33 Integrated

x-ray diffraction spectra were further analyzed for refined

lattice parameters using the GSASþEXPGUI program.34

FIG. 1. The crystal structure of the EGG garnet, (a) shows one crystal unit

cell, and (b) depicts part of the unit cell in which the Eu3þ ion lies between

the octahedra and tetrahedra. In the cubic structure, Ga1
3þ occupies the octa-

hedral site at the (0, 0, 0) position, Ga2
3þ occupies the tetrahedral site with

(3/8, 0, 1/4) coordinate, and Eu3þ is at the dodecahedral site with the (1/8, 0,

1/4) coordinate, respectively. Oxygen has the general coordinate (x, y, z).

FIG. 2. Representative x-ray diffraction pattern of Eu3Ga5O12 (EGG) with

the Rietveld refinement at ambient conditions.

TABLE I. Experimental conditions. Room temperature: RT; Photoluminescence: PL.

Method High-pressure XRD

Conditions Run 1 Run 2 Run 3 Raman PL

Temperature RT RT 1500–2000 K RT RT

Medium NaCl Ne Ar Ne Ne

Calibration Pt Ruby Ruby Ruby Ruby

Pressure range (GPa) 0–85 0–47 0–24 0–68 0–68

Experimental purpose Amorphization Equation

of state

Garnet-to-orthorhombic

transition

Variation of

phonon mode

Change of oxygen

environment around Eu3þ

163521-2 Lin et al. J. Appl. Phys. 114, 163521 (2013)



The high-pressure Raman and photoluminescence (PL)

experiments were performed in the symmetric DAC with a

pair of diamond anvils having a culet size of 300 lm. A pow-

der sample disk of �30 lm thick was loaded into a sample

chamber in a pre-indented Re gasket, together with ruby

chips for pressure measurements.32 To provide a quasihydro-

static environment, neon was loaded into the sample cham-

ber as the pressure transmitting medium using a gas loading

system at BSRF-4W2. High-pressure and room-temperature

luminescence and Raman spectra were collected with a con-

focal laser micro-Raman spectrometer. An Arþ laser with a

488 nm line was used as the excitation laser source that

focused to a spot size of 2 lm. Additionally, the 532 nm

excited line was used to confirm that the luminescence spec-

tra are not related to the excitation source.

III. RESULTS

A. X-ray diffraction

Upon compression, the diffraction peaks of EGG

became broadened and shifted to higher angles, though EGG

remained in the cubic garnet structure up to 75 GPa (Fig. 3).

At 75 GPa, the diffraction peaks started to collapse into one

broad peak at 2h¼ 14�, indicating the loss of the long-range

order and onset of the amorphous state. EGG mostly became

amorphous at 85 GPa.

Distinctly different diffraction peaks were observed

after EGG was laser-heated to 1500–2000 K at �24 GPa

(Fig. 4), suggesting the occurrence of an intermediate phase

between garnet and an amorphous state. According to the

diffraction pattern, small amounts of the garnet phase

remained in the laser-heating experiment (Fig. 4). The dif-

fraction patterns of EGG after laser heating did not show the

diffraction peaks of Ga2O3, ruling out the occurrence of the

decomposed mixtures of 3GdGaO3þGa2O3. Using the

program Dicvol,35 the new diffraction peaks can be well

indexed into an orthorhombic phase with the space group

Pbnm. Furthermore, the diffraction pattern of the intermedi-

ate phase for EGG is similar to that of the high-pressure

orthorhombic perovskite structure of GSGG observed at

�24 GPa and 1500–2000 K,29 suggesting that EGG under-

goes the garnet-orthorhombic phase transition at the high

P-T conditions. Based on the stoichiometry, the orthorhom-

bic perovskite phase should have the chemical formula

Eu0.75Ga0.25GaO3 and can be quenched to ambient pressure,

which is in agreement with GSGG.29

Figure 5 shows the pressure dependence of the unit cell

volume per formula (Eu3Ga5O12) and the distance between

the tetrahedra, octahedra, and dodecahedra. The

pressure-volume (P-V) curve and distance of the nearest ad-

jacent cations decrease monotonously with increasing pres-

sure. The P-V curve of the garnet phase is fitted using the

third Birch-Murnaghan equation of state (EoS),36 yielding a

bulk modulus B0¼ 177(3) GPa, a pressure derivative of the

bulk modulus B00¼ 5.4(2), and an ambient-condition volume

V0¼ 237.7(2) Å3. When B00 is fixed to 4.0, the bulk modulus,

B0 is 201(2) GPa with V0¼ 236.9(2) Å3.

B. Photoluminescence spectroscopy

In garnet EGG, the Eu3þ ion occupies the dodecahedral

site with D2 symmetry. The energy levels of Eu3þ (4f6) are

split by the ligand field surrounding the Eu3þ ion. Figure 6

shows the selected photoluminescence spectra (PL) of Eu3þ

in EGG at various pressures, related to the transitions

FIG. 3. Representative angle-dispersive x-ray diffraction patterns (wave-

length k¼ 0.6199 Å) of EGG at high pressures. The patterns above 50 GPa

were collected in the first run mixed with Pt, while the spectra below 50 GPa

were collected in the second run without Pt.

FIG. 4. Comparison of the x-ray diffraction patterns before and after laser-

heating the EGG garnet. The bottom spectrum represents the x-ray diffrac-

tion of the cubic garnet phase, and the top shows the high-pressure ortho-

rhombic phase after laser-heating.
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from the excited state 5D0 to the ground state multiplets 7FJ

(J¼ 1, 2). The PL spectrum at ambient pressure is similar to

the absorption spectrum of EGG and the fluorescence spec-

trum of Eu3þ: Gd3Ga5O12.37,38 At ambient conditions, three

lines for the 5D0! 7F1 transitions were observed, suggesting

the complete removal of the degeneracy. Upon compression,

the band at 16824 cm�1 (labeled as R3 in Fig. 6(b)) shifted

to high energy, contrary to the red shift of the other two

high-energy bands (labeled as R1 and R2 in Fig. 6(b)). The

R1 and R2 bands merged into one at 4.4 GPa, and the R1

band merges with R3 at 10.3 GPa.

A new emission band corresponding to the 5D0 ! 7F2

transition appeared at 7.6 GPa (Fig. 6(a)), and the relative in-

tensity grew with increasing pressure. At 22.2 GPa, another

new Stark component of the 5D0 ! 7F2 transition emerged.

Additionally, the significant asymmetric broadening of the

Stark splitting of the 5D0 ! 7FJ (J¼ 1, 2) transition was

observed above 10 GPa. It is well-known that a number of fac-

tors, such as the nonhydrostatic pressure effect, variations of

strength, and asymmetry of the crystal field in a free REE ion,

can lead to the splitting and broadening of the Stark levels. In

our experiments, neon was used as pressure transmitting me-

dium and the hydrostatic pressure condition on the sample

was revealed by well separated and individually resolved ruby

lines, ruling out the nonhydrostatic effect on the Stark splitting

and broadening. Therefore, it is conceivable that the variation

of the crystal field around the dodecahedral site is the main

factor for the Stark splitting and broadening.

The 5D0! 7F2 transition is electric dipole allowed and its

intensity is sensitive to the local environment of the Eu3þ ion,

whereas the 5D0 ! 7F1 transition is magnetic dipole allowed

and independent of the local symmetry. The luminescence in-

tensity ratio I(J¼2/J¼1) of the 5D0 ! 7F2 to 5D0 ! 7F1 is usu-

ally used to describe the degree of asymmetry in the vicinity of

Eu3þ, and can thus provide valuable information about

changes of the local structure around Eu3þ.39–42 As shown in

Fig. 7, the intensity ratio I(J¼2/J¼1) decreases with increasing

pressure up to 5 GPa, and can be associated with an increase in

the average Eu-O bond distance or a decrease in the covalency

of the Eu-O bond.43 Above 5 GPa, I(J¼2/J¼1) increases continu-

ously with elevated pressures up to the highest pressure of

�68 GPa, corresponding to the increase of the asymmetry of

the dodecahedra induced by the application of pressure.

C. Raman spectroscopy

Figures 8(a) and 8(b) exhibit the pressure-induced evolu-

tions of the Raman spectra and Raman frequencies for EGG.

FIG. 6. Characteristic fluorescence spectra for the 5D0! 7FJ (J¼ 1, 2) tran-

sition of Eu3þ in Eu3Ga5O12 at high pressures. The sharp peak at

16385 cm�1 marked with * represents the laser line.

FIG. 5. Experimental P-V data of EGG. The inset is pressure dependence of

the distances between nearest polyhedra (dodecahedra, octahedra, and

tetrahedra).

FIG. 7. Luminescence intensity ratio I2/1 of the I(5D0 ! 7F2) to I(5D0 !
7F1) transitions as a function of pressure.
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The symmetry assignments of the Raman modes have been

reported earlier for R3Ga5O12 (R¼Eu, Dy, Yb, Lu).44–46 The

frequencies at ambient pressure, symmetries, pressure coeffi-

cients, and mode Gr€uneisen parameters are tabulated in Table

II. The pressure coefficients are obtained by the linear

least-squares fitting procedure, while the mode Gr€uneisen pa-

rameters are calculated using the formula: ci¼ (B0/x0i)

(dx0i/dp), where x0i and B0 are the ambient-pressure phonon

frequencies and the bulk modulus obtained from the Raman

and x-ray diffraction data, respectively.

With increasing pressures, the Raman bands at low fre-

quencies (<170 cm�1) slightly shift to higher frequencies

and increase in relative intensities (Fig. 8(a)). These bands

correspond to the translational motion of the cations in the

tetrahedral, octahedral, and dodecahedral sites.47,48 This

indicates that the cationic sublattice retains its symmetry at

least up to 68 GPa, which is in agreement with the results of

the x-ray diffraction.

On the other hand, new Raman bands appear and increase

in the relative intensities with increasing pressures (arrows).

Further analyses of these new Raman peaks show that they

may have emerged from relatively lower pressures, or even

ambient pressure, with enhanced intensities with increasing

pressures—the intensities of these peaks may have been too

weak to be observable at ambient conditions. Previous studies

indicate that the Raman bands in the intermediate- and high-

frequency regions (>170 cm�1), to first approximate, can be

assigned to the bending vibration and internal stretching of the

tetrahedra GaO4.47,48 The change in the relative intensity of

these peaks can be explained as a result of the lattice tilting

and distortion of the GaO4 tetrahedra. More especially, the

high-frequency band at �738 cm�1 splits into two peaks at

10.3 GPa (Fig. 8(a)), and is accompanied by the change in the

relative intensities with increasing pressure. Since the

high-frequency bands higher than 738 cm�1 correspond to the

internal stretching of the tetrahedra GaO4, the splitting is

directly related to the deformation of GaO4. However, it

should be noted that the GaO4 tetrahedra are coupled with the

GaO6 octahedra through the corner-sharing oxygen atoms and

the pressure-induced deformation of the tetrahedra is strongly

linked with the change of the octahedra. As the Eu-O bond

length is longer than the Ga-O bond, the changes in Raman

spectra mainly correspond to the octahedral-tetrahedral

TABLE II. Derived vibrational parameters of Eu3Ga5O12 from high-pressure

Raman results. x0: Raman frequency at ambient pressure; dxi/dP: pressure

derivative of the Raman frequency; ci: mode Gr€uneisen parameter.

Eu3Ga5O12

Symmetry x0 (cm�1) dxi/dP (cm�1/Gpa) ci

Eg 112 0.17(1) 0.4

T2g 158 0.26(2) 0.4

T2g 168 1.01(3) 1.2

T2g 178 0.52(2) 0.6

T2g 237 0.83(2) 0.7

Eg 260 0.74(3) 0.5

T2g 272 1.46(3) 1.1

Eg 289 1.57(5) 1.1

A1gþEg 345 1.79(5) 1.0

T2g 366 2.40(3) 1.3

T2g 406 1.44(2) 0.7

Eg 414

T2g 505 1.92(4) 0.8

A1g 520 2.08(4) 0.8

T2g 577 4.19(9) 1.5

T2g 592 3.56(7) 1.2

Eg 674 2.79(6) 0.8

A1g 733 4.05(18) 1.1

T2g 777 3.08(4) 0.8

FIG. 8. Pressure evolution of (a) the

Raman spectra of EGG and (b) the cor-

responding frequencies.
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network, which is indicated by the Raman spectra and lattice

dynamical calculation in R3Al5O12.
47

Figure 8(b) shows the pressure dependence of the phonon

frequencies for EGG. Generally, all of the phonon modes for

EGG exhibit a positive response with increasing pressures in

the pressure range of 0–67 GPa. The low frequency bands have

small pressure coefficients. The high frequency modes with

larger mean pressure coefficients are more sensitive to pressure

than the intermediate and low frequency phonons.

IV. DISCUSSION

Combining the x-ray diffraction, PL, and Raman results

at room temperature, here we discuss the crystal structural

evolution of EGG under pressures. As indicated by the x-ray

diffraction results, EGG retains the cubic garnet structure up

to 75 GPa and mostly becomes amorphous at 85 GPa, which is

consistent with that of GGG reported earlier.7 The cationic

sublattices are insignificantly modified by the application of

pressure until they collapse into an amporphous state since the

x-ray diffraction technique is sensitive to cationic sublattices.

However, PL and Raman spectra in EGG reveal the

pressure-induced significant modification of the local oxygen

environment around the polyhedral sites. In the luminescence

spectra of EGG, R1 and R2 lines corresponding to the 5D0!
7F1 transition of Eu3þ merge at 4.4 GPa. This is related to the

decrease in the difference of the Eu-O bond lengths, associated

with the pressure-induced lesser distortion of the dodecahedra

EuO8. The decrease of the intensity ratio I(J¼2/J¼1) also implies

the decrease of the asymmetry in the dodecahedral site which

has been found in other REE garnets.25,49 In Nd3þ: GSGG, the

fluorescence spectra imply that there is a tendency toward a

cubic site symmetry for the dodecahedra in the pressure range

of 0–12.6 GPa.25 In Nd3þ: GGG, it has been found that the dis-

tances between the central Gd and all the surrounding oxygen

ions become approximately equal to each other at �11.8 GPa

and the dodecahedra GdO8 become less distorted.49

Nevertheless, at the beginning of 7.6 GPa, the splitting of the
7F2 sublevels of Eu3þ indicates onset of the opposite change of

the crystal field around Eu3þ. Above 10 GPa, the peak broad-

ening of the 5D0! 7F2 transition corresponding to the electric

dipole is significantly modified by the application of pressure

along with the appearance of the new Stark splittings at

�22.2 GPa and �48.5 GPa. These changes are related to the

shift of the oxygen atoms which leads to the increase of the

disorder of the oxygen atoms around Eu3þ with increasing

pressures. At �68 GPa, the marked inhomogeneous distribu-

tion of the oxygen atoms surrounding the Eu3þ ion is sug-

gested by the broad fluorescence spectra and the large intensity

ratio I(J¼2/J¼1). The pressure-induced local structural disorder

around the dodecahedral site has also been found in the fluo-

rescence spectra of the Sm: YAG garnet10 and GSGG garnet

doped with Nd3þ and Cr3þ.25

Based on the analyses of the high-pressure Raman spectra,

the appearance of the new Raman peaks cannot be attributed to

the structural phase transition since EGG keeps its cubic garnet

structure prior to the PIA transition shown by the x-ray diffrac-

tion. This can be explained as a result of the lattice tilting and

distortion of the GaO4 tetrahedra, as mentioned above. It should

be noted that this will be accompanied by the deformation of

the GaO6 octahedra since the tetrahedra are coupled with the

octahedra due to the corner-sharing oxygen atoms. Papagelis

et al. indicate that the force strength of the R-O bond in the

REE garnets is much weaker than that of the tetrahedra and

octahedra.47 Therefore, the increase of the local oxygen envi-

ronment around Eu3þ with increasing pressure can be viewed

from the deformation of the tetrahedra and octahedra. On the

other hand, the pressure forces the tetrahedra, octahedra, and

dodecahedra to get closer to each other linearly with the shrink-

age of the lattice constant (a) (inset of Fig. 5). For instance, one

of the Ga2-Eu bonds between the dodecahedra and tetrahedra

changes from �3.09 Å at ambient pressure to �2.85 Å at

�85 GPa. The shortening of the distances between polyhedra

will lead to the repulsions and even overlapping of the polyhe-

dra, accompanied by the deformation of the tetrahedra and

octahedra and increase of the asymmetry in dodecahedral sites.

Considering the x-ray diffraction, Raman, and PL exper-

imental results, here we propose that the amorphization of

EGG results from the interaction and deformation of the tet-

rahedra, octahedra, and dodecahedra. When the cationic sub-

lattices collapse into the disordered state, the overlapping of

the tetrahedra and octahedra will occur due to the shortening

of the distances between the polyhedra, resulting in the

increase of the average coordination number of the Ga3þ

ions. This mechanism has also been confirmed in the PIA

transition of YIG, in which Gavriliuk et al.8 concluded that

the local atomic structure in the amorphous state of YIG con-

sists of the iron-oxygen FeO6 octahedral complexes with dis-

ordered orientations of local axis and of other randomly

arranged ion fragments with overall Y3Fe5O12 composition.8

The PIA transition in EGG has some similarity with the

compounds which have corner-sharing networks of tetrahedra

and octahedra.3–5,17–20 For example, the PIA transition in

ZrW2O8
3 results from the rotation and tilting of tetrahedra

WO4 and octahedra ZrO6. However, the transition pressure of

EGG (>50 GPa) is much higher than that of ZrW2O8

(<10 GPa). In the structure of ZrW2O8, one oxygen of each

WO4 is bound to only one W atom, forming the flexible

structure. This implies that the flexible octahedral-tetrahedral

network in ZrW2O8 is sensitive to pressure, indicated by

the softening of the low frequencies in the Raman

spectra. Compared with this, REE cation inserts the

octahedral-tetrahedral network in the structure of the REE gar-

nets and is bonded to the oxygen atom which is shared by tet-

rahedron and octahedron (Fig. 1(b)). As a result, the REE

cation will prevent the tiltings and distortions of the tetrahedra

and octahedra when pressure is applied. Therefore, REE cati-

ons which support the octahedral-octahedral network plays an

important role in the structural stability of the REE garnet.

Hua et al. proposed the decomposition path of

Gd3Sc2Ga3O12 ! 3GdGaO3þ Sc2O3 in GSGG to explain the

thermodynamics and driving mechanism of the crystalline-

to-amorphous transition.7,25 This is favored by the fact that

some synthetic garnets such as YIG and YAG may undergo

decomposition at moderately high P-T conditions.26 However,

we observed garnet-to-perovskite phase transition in GSGG

at 24 GPa and 1500–2000 K in the earlier work,29 rather than

the decomposition. For EGG, the laser-heating experiment

163521-6 Lin et al. J. Appl. Phys. 114, 163521 (2013)



confirmed the garnet-to-perovskite transition at high P-T con-

ditions (Fig. 4), which is consistent with GSGG. The garnet-

to-orthorhombic phase transition has also been observed in the

silicate garnets such as grossular (Ca3Al2Si3O12) and pyrope

(Mg3Al2Si3O12) at high P-T conditions.50–55 Recently, the

amorphous GGG and YIG have been reported to transform to

a single cubic or orthorhombic perovskite structure at high P-T
conditions.27,28 Based on these results, we conclude that the

PIA transition in EGG is kinetically hindered and the amorph-

ization is a new thermodynamic state resulting from the hin-

drance of a crystal-to-crystal phase transition.

V. CONCLUSIONS

In summary, the tetrahedra and octahedra in the corner-

sharing network of EGG become distorted with increasing

pressures, leading to the marked inhomogeneous distribution

of the oxygen atoms around the dodecahedral sites. The

interaction and deformation of the polyhedra under high

pressures induce the PIA transition of EGG at 85 GPa. In the

amorphous state, the tetrahedra and octahedra are overlapped

with each other, resulting in the increase of the average coor-

dinate numbers. Our laser-heated DAC experiment con-

firmed that the PIA transition for EGG results from the

kinetic hindrance of a crystal-to-crystal phase transition.
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