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Report: 

As a result of the HC-4105 experiment, the crystal structures of two compounds, Re3Ge7 and 

ReGa4.5Ge0.5, have been probed at temperatures between 10 K and 300 K. Re3Ge7 and ReGa4.5Ge0.5 exhibit 

phase transitions at the critical temperatures of 58.5 K and 258 K, respectively. For Re3Ge7, the transition is 

accompanied by the change in transport behavior from metallic at high temperatures to semiconducting at low 

temperatures. The room-temperature high-resolution powder X-ray diffraction (HRPXRD) pattern of Re3Ge7 is 

shown in Figure 1. 

 
Fig. 1. HRPXRD pattern of Re3Ge7 registered at room temperature. The experimental data are shown by black 

points, and the calculated curve by red line. Positions of peaks and the difference curve are given by black 

ticks and black line, respectively, in the bottom part of figure. 



 

The Rietveld refinement was performed yielding the orthorhombic crystal structure, Cmcm space group, 

a = 3.230964(6) Å, b = 9.055455(18) Å, and c = 21.98890(4) Å. This unit cell persists upon cooling down to 

the lowest measured temperature of T = 10 K, and no structural transformation occurs in the vicinity of the 

critical temperature, which is Tc = 58.5 K. The evolution of unit cell parameters within the studied temperature 

range is presented in Figure 2. The transition is clearly visible as a sharp kink at the critical temperature. Thus, 

the metal-to-semiconductor electronic phase transition in Re3Ge7 is second-order, and should be connected with 

fine details of the electronic structure. 

  

  
Fig. 2. Unit cell parameters of Re3Ge7 as a function of temperature. 

In contrast to Re3Ge7, the second studied compound, ReGa4.5Ge0.5, exhibits a first-order phase transition. 

The Rietveld refinement against the room-temperature HRPXRD data yields a tetragonal unit cell, P42/mmc 

space group, a = 8.06530(2) Å, and c = 6.72137(2) Å in good agreement with the single-crystal X-ray diffraction 

data. All HRPXRD patterns registered below room temperature contain additional superstructure reflections, 

what indicates the lowering of symmetry as a result of the first-order phase transition. In Figure 3, the HRPXRD 

patterns collected at room temperature and at T = 50 K are shown, and the latter demonstrates superstructure 

reflections marked by asterisks. The low-temperature HRPXRD data can be indexed in the monoclinic or 

triclinic unit cell, but these results require further investigation. 



 

 
Fig. 3. Room-temperature (black) and low-temperature (red) HRPXRD patterns of ReGa4.5Ge0.5. The 

superstructure reflections are marked by asterisks. 

 


