
13 

 

The coupling of properties of materials with their crystal structure is currently one of the main topic of modern 

crystallography. Finding connections between material’s crystal structure, local order and its local distortion and 

the average structure with chemical and physical properties of the materials is within the scope of interest of 

many research groups worldwide. One of the intensively studied research areas in the field of magnetic materials 

is to seek for candidates for Quantum Spin Liquid (QSL) state.  

QSL is an exotic state of matter where in the ground state, strongly coupled magnetic moments do not show any 

long range ordering even down to the lowest temperature around 0K. The ground state is a superposition of 

many, fluctuating states, of different magnetic moment orientations [1]. As a consequence, it is predicted in QSL 

state to find quasiparticles called Majorana fermions as excited states [2]. The group of materials where 

potentially QSL state can be found is honeycomb type lattice. It is possible within this class of materials to realize 

the QSL state by atoms which carry ½ spin. The physical model describing this class of materials is called the 

Kitaev model [3]. The existence of SQL state in the Kitaev type structures has not yet been experimentally proven. 

This problem is now intensively studied to find examples of such  materials. One of the QSL examples is a 

molecular crystal κ-(BEDT-TTF)2Cu2(CN)3, where no long range magnetic moment ordering has been observed 

even down to 20 mK [4]. 

One of the group of materials with possible QSL states, are those materials with the layered structure, where 

atoms with magnetic moment (spin of ½ ) are located in two dimensional slabs. Those layers are later arranged 

into three dimensional structure one layer on top of the other one (in fact the layers are complemented in such a 

way that the atoms from one layer are closing voids in the other one). An example of such a compound is α-RuCl3, 

where 2D layers forms 3D structure by week Van der Waals interactions. This is why it is highly probable to 

observe faults in the 3D arrangement of 2D layers in those crystals. This means that it is likely to observe 

deviations from the 3D periodic close packing. Those defects are called “stacking faults” and are an intrinsic 

structural property of a given material. In the case of stacking faulted structure, the 3D translational symmetry is 

not conserved in the direction perpendicular to the 2D crystalline layers.  

There are many models of the QSL type phenomenon.  The main reason of that variety is that the structure of 

those materials is likely to be of the stacking fault type. Within the scope of the project, it is planned to 

investigate crystal structure of α-RuCl3 as a function of temperature. The obtained model will be possible to be 

used in further studies and magnetic calculations. Since the structure has layered nature, it will be required to use 

tools dedicated to modelling of stacking faulted materials. 

The second part of the project is to study the local disorder in those materials. The Bragg diffraction delivers 

precise information about the average structure of these materials. In the case of partially disordered materials, it 

is likely that the local positions of atoms show significant distortions from the average crystal structure. This can 

have a significant impact especially on magnetic interatomic interactions. Local disorder or local short range order 

can be studied by one of the powder diffraction method called Pair Distribution Function (PDF). Also the short 

range order of magnetic moments can be studied by this diffraction method. This will require further 

development of the RMCProfile program [5]. The measurements and data analysis of PDF will allow for describing 

local crystal structure and its correlation with the magnetic ordering.  
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