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New high-pressure phase of GaSb
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A new high-pressure phase has been found in GaSb. This phase is observed at room temperature after
heating samples te-473 K from thelmma phase taken above-20 GPa. The structure is face-centered
orthorhombic withAmmmsymmetry and as for the previously observed high-pressure phases in GaSh, it is
site-disordered.
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Because gallium antimonide is the least ionic of the IlI-V first observed along with a small proportion of thfetin
semiconductors, its high-pressure behavior is expected to jghase on recovering back to room temperature at 17.1 GPa.
the most similar to that of silicon and germanidmi.This A sequence of the results obtained from 10.5 to 22.5 GPa is
has stimulated many high-pressure studies of GaSb over thustrated in Fig. 1. Each profile has been collected from a
past 40 year$-® At ambient conditions, GaSb has the site- different initial sample of thémmaphase. The profile in Fig.
ordered zinc-blende structure. At 7 GPa and room temperal(@) shows a typical pattern of thenmaphase obtained on
ture, it has been found to transform to a site-disorderedressure increase from the zinc-blende phase at room tem-
orthorhombic structure withmmasymmetry’ This phase re- Perature before heating. At 10.5 GPa, themaphase has
mains stable to at least 50 GPa. However, more recentworkransformed to thg-tin structure on heating and this remains
has shown that under highly hydrostatic conditions the zincStable on recovering back to room temperature as shown in
blende phase transforms toatin-like phase and thag-tin ~ Profile (b). At pressures above about 12.7 GPa, (he0)
is also obtained by heating tHenma phase(at 7 GPa and
500 K), suggesting that thémma phase is only stabilized 22.5GPa
under nonhydrostatic conditiofiS.Further measurements at
higher pressures and room temperature have shown a trans |
tion between 63 and 71 GPa to a phase that has not yet bee

fully characterized, but appears to be site-disordered body: (e)—_—JJ
centered cubié® This may be the transition reported earlier g .
in an energy-dispersive x-ray-diffraction study by Weir, B 200) 17.1GPa

Vohra, and Ruoff at 61(F) GPa(Ref. 1J). |
We have now performed simultaneous high-pressure) o

high-temperaturéhp/ny experiments, where samples start- 3z + ; ** '

ing in thelImmaphase were heated t0473 K for approxi- 5 Py

matey 2 h at pressures up to 25.5 GPa. Two different € -

behaviors were observed: for samples at pressures tfi3o  z | o

GPa, thedmmaphase transforms to th@tin structure, while £ ©

for samples taken above-20 GPa, a new orthorhombic £

phase with the space grodgnmmwas found. Between-13 105 GPa

GPa and~20 GPa, a mixture of th@-tin and Ammmwas B J\[L

observed. The new orthorhombic phase has been refined ar ® . . A A

it is presented here. After heating
Samples suitable for high-pressure powder-diffraction ex- F Before heating

periments were produced by finely grinding a starting mate-
rial of 99.99% stated purity, from the Aldrich Chemical
Company. Data were collected on station 9.1 at the Synchro @

tron Radiation Source, Daresbury Laboratory, using an
image-plate-area detectdr.The incident wavelength was
0.46541) A. The samples were loaded into a Mao-Bell-type
diamond-anvil (.;e.HS with 4:1 methanol:ethanol as a g, 1. Diffraction patterns observed in GaSb after heating
pressure-transmitting medidfhiand chips of ruby for pres-  samples taken from thenma phase[profile (a)] at four different
sure measuremefit. Samples were heated in an off-line fur- pressures(b) the -tin profile obtained at 10.5 GP4¢) the first
nace. Diffraction pattel’ns were recorded before and afte&Dpearance of thammmphase as indicated by the emergence of
heating. The fully integrated profiles were refined using thehe (100) peak at 12.7 GP4d) the Ammmphase at 17.1 GPa with
least-squares Rietveld metH8avith the Gsas program® the remaining(200) peak of thes-tin phase shown by the arrow,

All data were collected after cooling the sample back toand(e) the Ammmprofile obtained at 22.5 GPa. The peaks marked
room temperature. The new orthorhomBimmmphase was by an asterisk are discussed in the text.
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FIG. 2. Rietveld refinement fit of thAmmmstructure to a pro-
file of GaSb at 22.5 GPa. The difference between the observed an
fitted profiles is shown. Tick marks indicate the position®\afmm
reflections. The peaks marked with asterisks are discussed in th
text. (i)

(110)

peak of the new phase becomes visible as indicated by th !
arrow in Fig. 1c). At 17.1 GPa, the profile is mainly domi- L (10)

nated by the new phase with a small residue of gien l
structure shown by thé200 peak in Fig. 1d). A complete ] * ta
transformation to the new phase was observed at 22.5 GP« . ! ! |
The profile is illustrated in Fig. (&) and like g-tin, the new
phase remains stable indefinitely at room temperature. The
profile in Fig. 1e) was successfully indexed on an ortho-  FIG. 4. A comparison between a profile of InSb at 2.1 GRef.
rhombic unit cell withk+1=2n, indicating that the structure 18) and a profile of GaSb at 17.1 GPa. The presence of206)

is A-face-centered. Density considerations require that th@-tin peak is indicated in both profiles. The peaks marked by aster-
unit cell contains just two atoms, which must then be locatedsks are discussed in the text. Inggtshows the110) reflection of
at(0, 0, 0 and(0, 1/2, 1/2, in a randomly disordered way as InSb enlarged. Insdti) compares théfeaturelessmeasured profile
discussed below. The space group of this structufersnm and the calculated profile at the position of #i4.0) reflection in

The full integrated profile has been fitted at 22.5 GPa withGaSb. The calculated profile is taken from a best fit to the whole
a=2.6432(1) A,b=4.8813(7) A, anct=2.9583(2) A giv- pattern wjth the equivalent sitg-ordgred structure. The enlargement
ing a volumeV=238.171(5) &. A Rietveld refinement of the S approximately the same as in ingst

Ammmphase is shown in Fig. 2 and the structure is illus-p, he \weak(110) peak, the so-called difference reflection
trate_d n Fig. 3 A peak, indicating that the structure is site ordered. The struc-
Itis interesting to note that profill) in Fig. 1 bears some 1o has the same general arrangement of sites as in Fig. 3
striking similarities to a profile of InSb re_cordec_i at 21 GPa,but with In at(0, 0, 0, Sb at(0, 1/2, 1/2 and ana axis twice '
as shown in Fig. 4. This has been previously identified as &g |4rggrelative tob andc). The intensity of thé110) peak
mixture of thelmmmand $-tin phases?’ Both profiles con- depends on the difference in scattering strength between the

tain a very small amount of thg-tin structure as indicated atomic species, which is very small for In&bin the GaSb
by the (200 peak. Thdmmmphase of InSb is characterized profile, this peak is absent. The complete absence of the dif-

ference reflection, despite the large difference in scattering
strength between Ga and Sb, indicates that this new structure
is site-disordered. Recent extended x-ray-absorption fine
structure (EXAFS) studies, using the HI-PREXX facility

on station 9.3 at Daresbury Laboratory, have shown that
there is not complete order even over distances comparable
to one unit cel?’ Further details of site-ordering in all the hp
and hp/ht phases of GaSb along with details of the EXAFS
experiments, will be published elsewhéte.

Finally, it has been noted that every profile, collected after
heating, contains some additional peaks, as marked by aster-
isks in Figs. 1, 2, and 4, over a range of pressures. The origin

FIG. 3. The unit cell of theAmmmestructure. Each site has a of these peaks is not clear. Data have been collected with and
50:50 occupancy of Ga and Sh atoms. without the pressure-transmitting medium and with different

GaSb at 17.1 GPa
after heating
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gasket materialé/V and R@ to investigate possible contami- phases in InSB° The fact that the samples have been heated
nation or reaction with sample environment on heating. Thdor some time at-473 K indicates that kinetic effects are not
patterns subsequently collected still exhibit these additionalesponsible for the site-disordering. This suggests that GaSbh
weak peaks in all cases. Sample contamination is, thereforg behaving as a disordered metallic alloy or exhibiting frus-
excluded. It could, thus, be the presence of a new minoritfrated ordering behavidt. Furtherin situ hp/ht studies and
phase, only formed at high temperature, but the weak intemew computational work are needed to gain insight into this

sities of the peaks make it very difficult to solve. interesting new aspect of structural stability in these systems.
The discovery of this site-disorderéadnmmphase adds to

the growing evidence that GaSb is very unusual amongst the We acknowledge S. A. Belmonte and T. Bovornratanaraks
[I-VI and Ill-V semiconductors in exhibiting site-disorder in for some assistance with the diffraction data collection. We
all its several high-pressure and high-pressure/highthank M. A. Roberts and A. A. Neild for technical support.
temperature phases. The only other known examples to dafkhis work was supported by grants from the EPSRC, fund-
are theCmcm phase of GaP, the highest pressure bodying from the CCLRC, and facilities provided by Daresbury
centred-cubic phases of InSh, HgTe, and some intermediateaboratory.
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