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Indium arsenide is a semi-conducting material used for photo diodes in infrared detectors. At 
ambient conditions InAs crystallizes in the zinc-blende type with the space group F-43m.  At a 
pressure of about 7 GPa it transforms into the rocksalt type with the space group Fm-3m. This 
pressure-induced phase transition is of first order and considered to be reconstructive. The 
coordination number of the atoms increases from 4 to 6 and the volume decrease is about 18 % [1]. 
At the phase transition a single crystal turns into a polycrystal with a highly preferred orientation 
[2]. 

The space groups of the low and high pressure phases do not show a group-subgroup relation, but 
the transformation is assumed to happen via a common subgroup. The most energetically 
favourable transformation paths proceed via the subgroups P32 (or P31) and Imm2. In transition 
models with these symmetries, no atomic bonds have to be broken [3-6]. They also show small 
atomic displacements and only small shear strain [5,6]. The P32 (or P31) mechanism implies that 
the unit cells of the NaCl type and the zinc-blende type are rotated by 180° against each other 
around <111> directions that run parallel in both types. This leads to some of the <110> directions 
of the NaCl type being parallel to <110> directions of the zinc-blende type and vice versa. Such a 
transition can be described by a bilayer sliding mechanism in one of the {111} planes [5]. The 
Imm2 mechanism causes that [-110] of the zinc-blende type runs parallel to [-110] of the NaCl type 
and [001] of the zinc-blende type becomes [-1-10]  of the NaCl type. This transformation path 
involves atomic shifts by 1/8 of the unit cell length along the [001] direction of the zinc-blende 
type. Cations and anions move in opposite directions [3]. 

In order to figure out which transformation path does occur in InAs, the orientation relations 
between the high and the low pressure phase are investigated. 

A single crystal of InAs was loaded into a beryllium-free diamond-anvil cell with an opening angle 
of 90° [7]. The crystal size was approximately 170*150*30 µm3 and its (110) cleavage plane was 
parallel to the culets. A 4:1 mixture of methanol and ethanol was used as pressure transmitting 
medium. The indentation of the stainless steel gasket had an initial thickness of 60 µm. The 
diameter of the sample hole was 250 µm. The pressure was measured using the ruby fluorescence 
method [8]. After the loading of the cell at the home lab at Göttingen the pressure was increased to 
5.8 GPa.  

The measurements were performed at beamline BW5 at Hasylab, Hamburg. The beam energy of the 
synchrotron radiation was 100 keV (λ = 0.12137 Å). The data were collected with a Perkin Elmer 
1621 area detector. All measurements were carried out over the whole accessible ω-range from -42° 
to 42°. The accumulation time was 6*5 seconds per step. 

The single crystal was measured with a step width of ω=0.2°. Afterwards, the pressure was 
increased to 7.5 GPa, where the high pressure phase and the low pressure phase coexist. This state 
was measured with a step width of ω=0.4°. The pressure was subsequently decreased until the high-
pressure phase has completely disappeared at 3 GPa.  

After the phase transformation a significant decrease in the crystals’ size was observed (Fig. 1). It 
amounted to 9% in the [110] direction and 6% in the [100] direction of the original zinc-blende type 
crystal. However, it is not possible to determine the changes in size in the direction perpendicular to 
the cleavage plane (110). 



 

Figure 1: Size of the InAs single crystal before (white) and the polycrystal after (orange) the phase 
transition 

Due to the limited opening angle of the diamond-anvil cell only about 40% of the reciprocal space 
is accessible. Thus, only incomplete experimental pole figures can be obtained.  Many attempts 
were made to calculate the texture of the sample and the complete pole figures of the {111}, {100}, 
{110} and {331} planes using the program MAUD [11] for the high-pressure and the low-pressure 
phase to be used for further orientation - relation analysis. However, the intensities of the InAs 
reflections are very low compared to those of the powder rings of the gasket material, so texture 
analysis with MAUD was very difficult and did not give any reliable results. 

Therefore, another approach is currently made to perform a pole figure analysis by avoiding the 
influence of the gasket material. For this method limited Bragg angle ranges are used containing 
only the reflections of indium arsenide. The reflection distributions are directly plotted as 
experimental pole figures which are used as a reference for the calculation of the orientation 
relations via rotation matrices. Different orientations of the high-pressure phase are observed 
leading to the assumption that the P32 (or P31) mechanism can be excluded. 

The preferred orientation of the recovered polycrystalline low-pressure phase corresponds to the 
orientation of the original single crystal. 
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