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Experiment Report 

----------------------------------------- 

 The main aim of the project was to conduct a high-resolution, high-completeness single-crystal X-ray 

diffraction experiment to apply quantum crystallography methods and observe, in detail, complex 

rearrangements of water molecules and hydroxyl groups under high-pressure conditions. The second aim was 

to follow the detailed dehydration mechanism of lawsonite under cold subduction-zone conditions. Two 

measurements were made during the beamtime. The first one was carried out at high-pressure and room-

temperature conditions in the range from 1.23 GPa to 16.08 GPa. For that experiment, we placed five 

differently oriented crystals of lawsonite and measured them separately to increase the completeness of the 

collected data. During the data collection, we were able to measure 10 pressure points for the first, 

orthorhombic phase, and 8 pressure points for the second, monoclinic phase. The completeness of the collected 

data was extremely high, and merging the 4 of 5 crystal data, we were able to reach 100% completeness for 

the orthorhombic phase at high-pressure conditions up to a resolution of 0.38 Å with very high redundancy 

(Table 1). After the phase transition, only 2 out of 5 crystals survived; however, merging both data, we were 

also able to reach very high completeness for a monoclinic system, around 70% up to a resolution of 0.5 Å 

(Table 2). The quality of the obtained data for both phases is extremely high and sufficient for applying 

quantum crystallography methods. In result, that experiment was fully successful. 

 

Table 1. Statistics vs. resolution, along with redundancy for the data collected at 5.04 GPa. 
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Table 2. Statistics vs. resolution, along with redundancy for the data collected at 16.08 GPa. 

 

 
 

 The second experiment was carried out at both high-pressure and high-temperature conditions. We 

used an external heating device (vacuum chamber) to have a higher diamond anvil cell opening angle. The 

experiment was partially successful since we were not able to reach the dehydration process for lawsonite. 

The maximal temperature, which we obtained, was 400 ˚C, because at 500 ˚C we melted Kapton windows 

from the vacuum chamber, and we had to stop the whole experiment. Nevertheless, the completeness of the 

data at 5 GPa and 400 ˚C is sufficiently high for quantum crystallography approaches, and as a result, we will 

obtain the first experimental charge density redistribution for the compound when both external stimuli 

(temperature and pressure) are applied. 

 Our preliminary results using Hirshfeld Atom Refinement (HAR) show that at ambient conditions, the 

hydrogen atom from the hydroxyl group is disordered into two separate positions with a half occupancy. 

However, above 4 GPa, the ordering of that hydrogen atom occurs, which probably has a crucial impact on 

the bulk modulus of lawsonite and seismic velocities at cold subduction zone environment (Fig. 1). The phase 

transition for lawsonite around 4 GPa was previously predicted by X-ray diffraction1 and electrical 

conductivity2 experiments, but it was never explained from the structural point of view. 

 

 
Figure 1. Crystal structure of lawsonite along a axis at ambient conditions (a) and at 5.04 GPa (b). For the 

structure at ambient conditions, the hydrogen atom from the hydroxyl group is disordered and at 5.04 GPa 

the same hydrogen atom is fully ordered. 
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