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can be seen in the two-dimensional Ising model, in which the long-range order occurs at the temperatures 
comparable to exchange interaction energy. The long-range magnetic order being not the intrinsic property 
of the chains can appear only due to the interchain interactions if not precluded by the spin gap. The very 
concept of the spin gap plays a key role in the field of low-dimensional magnetism. All research objects 
in this area can be subdivided into gapped and gapless ones. The amazing variety of manifestations of quasi-
one-dimensional magnetism is due to the fact that the chains themselves can differ in a number 
of parameters. They can be homogeneous or alternating in terms of intrachain exchange interaction. The next-
nearest-neighbor exchanges in the chains may compete with the nearest-neighbor exchanges. The chains can 
be organized by transition metal ions with integer or half-integer spins and they can be constituted by different 
spins of the same element or by spins of different magnetic species. The chains can be cut to form the magnetic 
clusters, e.g. dimers or trimers, and they may pair up to form the spin ladders or group up to form the spin 
tubes. 

Understanding the behavior of low-dimensional magnetic systems is of fundamental importance in terms 
of the formation of quantum ground states of matter. Many new chain magnetic materials have appeared 
recently due to improvements in synthetic procedures. Each such compound highlights new facets 
of low-dimensional magnetism, going in some cases beyond the limits of magnetism towards 
superconductivity, ferroelectricity and multiferroic phenomena. For a long time, the low-dimensional 
magnetism was considered only as a playground for the development of elaborated theoretical models. 
The impetus to experimental research was given by the discovery of high-temperature superconductivity 
in cuprates, for which two-dimensional antiferromagnetic correlations turned out to be important. It was found, 
that many features bring together low-dimensional magnetism and superconductivity. The concept 
of spin liquid itself has proven productive for the development of modern theory of superconductivity. 
In particular, the magnetic skyrmions have much in common with the vortices in type-II superconductors. 
Independent of superconductivity, the low-dimensional magnetism in insulators is of utmost interest since 
it allows to unravel the fine interactions responsible for the formation of the ground states of matter. 
The purpose of this review was to demonstrate how versatile are the manifestations of low-dimensional 
magnetism using the example of quasi-one-dimensional compounds. 
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���l�_�j�f�h�Z�g�Z�e�b�a�Z�l�h�j�Z�� �7�* STA 409 PC Luxx ���1�H�W�]�V�F�K���� �=�_�j�f�Z�g�b�y�������� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �g�_�a�Z�\�b�k�b�f�h�� �h�l�� �k�h�k�l�Z�\�Z 
�h�[�j�Z�a�p�u�� �m�k�l�h�c�q�b�\�u�� �\�h�� �\�k�_�f�� �b�k�k�e�_�^�m�_�f�h�f�� �b�g�l�_�j�\�Z�e�_�� �l�_�f�i�_�j�Z�l�m�j���� �D�h�w�n�n�b�p�b�_�g�l�� �l�_�j�f�b�q�_�k�d�h�]�h��
�j�Z�k�r�b�j�_�g�b�y�� �[�e�b�a�h�d�� �d�� ����·10–6�ƒ�K–1 ���^�b�e�Z�l�h�f�_�l�j�� �'�,�/  402  �&�� ���1�H�W�]�V�F�K���� �=�_�j�f�Z�g�b�y�������� �W�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�v��
�\�h�e�v�n�j�Z�f�Z�l�h�\���\�b�k�f�m�l�Z���h�i�j�_�^�_�e�_�g�Z���f�_�l�h�^�h�f���b�f�i�_�^�Z�g�k�g�h�c���k�i�_�d�l�j�h�k�d�h�i�b�b�����b�f�i�_�^�Z�g�k�f�_�l�j���=-3000 (Elins, 
�J�h�k�k�b�y������ �\�� �^�\�m�o�d�h�g�l�Z�d�l�g�h�c�� �y�q�_�c�d�_�� �k�� �i�e�Z�l�b�g�h�\�u�f�b�� �w�e�_�d�l�j�h�^�Z�f�b�� �\�� �b�g�l�_�j�\�Z�e�_�� �������Å�������ƒ�K�� �\�� �j�_�`�b�f�_��
�h�o�e�Z�`�^�_�g�b�y�� �>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�a�f�_�j�_�g�b�c�� �h�[�j�Z�a�p�u�� �[�u�e�b�� �i�h�^�]�h�l�h�\�e�_�g�u�� �\�� �\�b�^�_�� �[�j�m�k�d�h�\���� �k�i�_�q�_�g�g�u�o 
�i�j�b���d�h�g�_�q�g�h�c���l�_�f�i�_�j�Z�l�m�j�_���k�b�g�l�_�a�Z�����g�Z���l�h�j�p�_�\�u�_���i�h�\�_�j�o�g�h�k�l�b���d�h�l�h�j�u�o���[�u�e�Z���g�Z�g�_�k�_�g�Z���f�_�e�d�h�^�b�k�i�_�j�k�g�Z�y��
�i�e�Z�l�b�g�Z�� �^�e�y�� �m�e�m�q�r�_�g�b�y�� �d�h�g�l�Z�d�l�Z�� �k�� �w�e�_�d�l�j�h�^�Z�f�b���� �I�h�� �i�h�e�m�q�_�g�g�u�f�� �]�h�^�h�]�j�Z�n�Z�f�� �b�f�i�_�^�Z�g�k�Z�� �i�h�k�l�j�h�_�g�u 
�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�[�s�_�c�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �l�\�_�j�^�u�o�� �w�e�_�d�l�j�h�e�b�l�h�\���� �<�h�� �\�k�_�o�� �k�e�m�q�Z�y�o 
�i�j�b�� �g�_�[�h�e�v�r�h�c�� �k�l�_�i�_�g�b�� �a�Z�f�_�s�_�g�b�y�� ���1850(Bi22W4.8Fe0.2O48–�/) = 0.079 �H�f–1�k�f–1���� �1700(Bi22W4.9V0.1O48–�/) = 
0.033 �H�f –1�k�f–1���� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�\�_�e�b�q�_�g�b�_�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �f�Z�l�j�b�q�g�u�f��
�k�h�_�^�b�g�_�g�b�_�f�����1700(Bi22W5O48) = 1.4·10–3 �H�f–1�k�f–1). 

�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���n�b�g�Z�g�k�h�\�h�c���i�h�^�^�_�j�`�d�_���F�b�g�b�k�l�_�j�k�l�\�Z���g�Z�m�d�b���b���\�u�k�r�_�]�h���h�[�j�Z�a�h�\�Z�g�b�y���J�N��
���a�Z�^�Z�g�b�_���‹��������������������������-8). 
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�K�h�a�^�Z�g�b�_�� �e�x�f�b�g�h�n�h�j�h�\�� �k�� �j�_�]�m�e�b�j�m�_�f�h�c�� �k�i�_�d�l�j�Z�e�v�g�h�c�� �h�[�e�Z�k�l�v�x�� �\�u�k�\�_�q�b�\�Z�g�b�y�� �y�\�e�y�_�l�k�y��
�a�Z�f�Z�g�q�b�\�h�c�� �a�Z�^�Z�q�_�c���� �H�^�g�Z�� �b�a�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �f�Z�l�j�b�p�� �^�e�y�� �^�Z�g�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y��– �e�b�l�b�c-�p�b�g�d�h�\�u�c��
�]�_�j�f�Z�g�Z�l��Li 2ZnGe3O8�����h�l�g�h�k�y�s�b�c�k�y �d���k�_�f�_�c�k�l�\�m���r�i�b�g�_�e�_�c�����H�k�h�[�_�g�g�h�k�l�b���d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���k�l�j�m�d�l�m�j�u��
�]�_�j�f�Z�g�Z�l�Z�� �i�h�a�\�h�e�y�x�l�� �i�j�h�\�h�^�b�l�v�� �^�h�i�b�j�h�\�Z�g�b�_�� �i�h�� �j�Z�a�g�u�f�� �i�h�a�b�p�b�y�f�� �\�� �r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o���� �G�Z�b�[�h�e�_�_��
�b�g�l�_�j�_�k�g�u�f�� �y�\�e�y�_�l�k�y�� �\�\�_�^�_�g�b�_�� �i�_�j�_�o�h�^�g�u�o�� �w�e�_�f�_�g�l�h�\���� �l�Z�d�b�o�� �d�Z�d�� �f�Z�j�]�Z�g�_�p�� �b�� �o�j�h�f���� �i�h�k�d�h�e�v�d�m�� �h�g�b��
�f�h�]�m�l�� �b�a�f�_�g�y�l�v�� �k�\�h�b�� �k�i�_�d�l�j�Z�e�v�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �\�u�k�\�_�q�b�\�Z�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b �h�l�� �h�d�j�m�`�_�g�b�y 
�b�� �k�l�_�i�_�g�b�� �h�d�b�k�e�_�g�b�y���� �<�� �j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�_�h�j�_�l�b�q�_�k�d�b�o 
�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �f�_�l�h�^�b�d�� �i�j�h�\�_�^�_�g�h�� �d�h�f�i�e�_�d�k�g�h�_�� �b�a�m�q�_�g�b�_�� �e�b�l�b�c-�p�b�g�d�h�\�u�o�� �]�_�j�f�Z�g�Z�l�h�\����
�^�h�i�b�j�h�\�Z�g�g�u�o���b�h�g�Z�f�b���f�Z�j�]�Z�g�p�Z���b���o�j�h�f�Z�� 

�H�^�g�h�n�Z�a�g�u�_�� �h�[�j�Z�a�p�u��Li 2Zn(1–x)MnxGe3O8 �b��Li 2Zn(1–x)CrxGe3O8 (x = 0, 0.01, 0.05, ���������� �i�h�e�m�q�_�g�u��
�d�e�Z�k�k�b�q�_�k�d�b�f���l�\�_�j�^�h�n�Z�a�g�u�f���k�i�h�k�h�[�h�f�����H�[�j�Z�a�h�\�Z�g�b�_���l�\�_�j�^�u�o���j�Z�k�l�\�h�j�h�\���i�h�d�Z�a�Z�g�h���f�_�l�h�^�h�f���J�N�:�� 

�<�� �j�Z�[�h�l�_�� �\�i�_�j�\�u�_�� �d�h�f�i�e�_�d�k�g�h�� �j�_�r�_�g�Z�� �a�Z�^�Z�q�Z�� �i�h�� �h�i�j�_�^�_�e�_�g�b�x�� �k�l�_�i�_�g�b�� �h�d�b�k�e�_�g�b�y�� �b�� �i�h�a�b�p�b�b��
�i�_�j�_�o�h�^�g�h�]�h�� �w�e�_�f�_�g�l�Z�� �\�� �k�l�j�m�d�l�m�j�_��Li 2ZnGe3O8 �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �^�h�i�Z�g�l�Z���� �F�_�l�h�^�h�f 
ab initio �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �j�Z�k�k�q�b�l�Z�g�u�� �w�g�_�j�]�b�b�� �h�[�j�Z�a�h�\�Z�g�b�y�� �e�b�l�b�c-�p�b�g�d�h�\�u�o�� �]�_�j�f�Z�g�Z�l�h�\���� �^�h�i�b�j�h�\�Z�g�g�u�o��
�b�h�g�Z�f�b�� �f�Z�j�]�Z�g�p�Z�� �b�� �o�j�h�f�Z�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �k�l�_�i�_�g�_�c�� �h�d�b�k�e�_�g�b�y�� �i�_�j�_�o�h�^�g�u�o�� �w�e�_�f�_�g�l�h�\�� �b�� �i�h�a�b�p�b�c����
�a�Z�g�b�f�Z�_�f�u�o���b�f�b���i�j�b���^�h�i�b�j�h�\�Z�g�b�b�����>�e�y���k�b�k�l�_�f�u��Li2Zn(1–x)MnxGe3O8 �g�Z�b�[�h�e�_�_���e�h�]�b�q�g�u�f���i�j�_�^�i�h�e�h�`�_�g�b�_�f 
�y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �f�Z�j�]�Z�g�_�p�� �g�Z�o�h�^�b�l�k�y�� �\�� �k�l�_�i�_�g�b���h�d�b�k�e�_�g�b�y�� �������� �B�g�n�h�j�f�Z�p�b�y�� �h�� �k�l�_�i�_�g�b�� �h�d�b�k�e�_�g�b�y��
�f�Z�j�]�Z�g�p�Z�� �i�h�e�m�q�_�g�Z�� �b�a�� �k�i�_�d�l�j�h�\�� �e�x�f�b�g�_�k�p�_�g�p�b�b�� ���j�b�k���� a������ �D�Z�d�� �\�b�^�g�h�� �b�a�� �j�b�k�m�g�d�Z���� �g�Z�� �k�i�_�d�l�j�_��
�g�Z�[�e�x�^�Z�_�l�k�y�� �r�b�j�h�d�b�c�� �b�g�l�_�g�k�b�\�g�u�c�� �k�b�]�g�Z�e�� �k�� �^�e�b�g�h�c�� �\�h�e�g�u�� �§ �������� �g�f���� �k�\�y�a�Z�g�g�u�c 
�k���e�x�f�b�g�_�k�p�_�g�p�b�_�c���b�h�g�h�\��Mn2+�����g�Z�o�h�^�y�s�b�o�k�y���\���h�d�l�Z�w�^�j�b�q�_�k�d�h�f���h�d�j�m�`�_�g�b�b�����G�Z�b�[�h�e�v�r�Z�y���b�g�l�_�g�k�b�\�g�h�k�l�v��
�k�b�]�g�Z�e�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �^�e�y�� �h�[�j�Z�a�p�Z�� �k�� �g�Z�b�f�_�g�v�r�_�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �^�h�i�Z�g�l�Z���� �K�e�_�^�m�_�l 
�h�l�f�_�l�b�l�v���q�l�h�� �k�g�b�`�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �e�x�f�b�g�_�k�p�_�g�p�b�b �b�h�g�h�\��Mn2+ �k�� �i�h�\�u�r�_�g�b�_�f�� �d�h�g�p�_�g�l�j�Z�p�b�b 
�^�h�i�Z�g�l�Z�� �k�\�y�a�Z�g�h�� �k�� �w�n�n�_�d�l�h�f �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�h�]�h�� �l�m�r�_�g�b�y���� �F�_�l�h�^�h�f�� �f�Z�]�g�b�l�g�h�c�� �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b 
�h�[�g�Z�j�m�`�_�g�h���m�f�_�g�v�r�_�g�b�_���f�Z�]�g�b�l�g�h�]�h���f�h�f�_�g�l�Z���k���m�\�_�e�b�q�_�g�b�_�f���d�h�g�p�_�g�l�j�Z�p�b�b���^�h�i�Z�g�l�Z�����h�^�g�Z�d�h���w�l�h���f�h�`�_�l 
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Crystal structure plays a crucial role in determining the physical and chemical properties of substances 
such as stability, melting points, solubility, morphology, etc. It is through an understanding of the crystal 
structure that we can derive properties [1]. Predicting and controlling crystal structures of materials 
is a fundamental aspiration in materials science, chemistry, and pharmaceutical research. Crystal structure 
prediction (CSP) is a computational approach used to predict the likely crystal structures of a molecule 
or multiple components [2]. CSP generates a list of possible crystal structures, often with tiny energy 
differences, making it challenging to identify the correct structure [3]. In this context, integrating CSP with 
other relevant factors can aid in pinpointing the precise crystal structure. Moreover, the phenomenon 
of polymorphism, where a compound can adopt various crystal structures accessible experimentally, further 
complicates CSP calculations [4]. When the experimental structure represents a thermodynamic polymorph, 
it corresponds to the most stable crystal structure, serving as the global energy minimum. Conversely, 
if it is a kinetic polymorph, the structure has a higher energy than the global energy minimum. To identify 
all potential polymorphs of a molecule, it is crucial to consider both kinetic and thermodynamic factors. 
�+�R�Z�H�Y�H�U���� �W�R�G�D�\�¶�V�� �F�R�P�S�X�W�D�W�L�R�Q�D�O�� �P�H�W�K�R�G�V�� �P�R�V�W�O�\�� �D�G�G�U�H�V�V�� �W�K�H�U�P�R�G�\�Q�D�P�L�F�� �I�D�F�W�R�U�V�� �Z�L�W�K�� �O�L�W�W�O�H�� �D�W�W�H�Q�W�L�R�Q 
to kinetic factors [5].  

Crystal engineering concepts have emerged as a valuable ally in enhancing CSP. They leverage 
the principles of supramolecular chemistry and non-covalent interactions to manipulate and guide 
the assembly of molecules into specific crystal structures. By understanding the role of molecular motifs 
and the intricacies of crystal packing, crystal engineering offers a strategic advantage in predicting and 
designing novel crystal structures. Beyond polymorphism, CSP is valuable in exploring the formation 
of pharmaceutical cocrystals, which can enhance the properties of drug compounds. Consequently, CSP 
has garnered significant attention in the pharmaceutical industry over the past few decades [6].  

CSP involves three main steps: generating 3D molecular structures, creating possible crystal 
arrangements, and optimizing and ranking them based on energy. The challenge is finding both 
thermodynamic and kinetic polymorphs. One difficulty is conformational states. Flexible molecules can have 
many shapes. Two approaches exist: running separate calculations for each shape or allowing flexibility 
during structure generation. Another challenge is handling large numbers of generated structures. Optimizing 
them takes time and resources. Fast and accurate methods, like force fields or machine learning, are needed. 

Blind tests help evaluate CSP methods. Teams predict structures for unknown molecules. Results show 
that even the most stable structure may not match experiments. This highlights the need for better evaluation 
methods. Our work used crystal engineering concepts, especially synthons, to improve predictions. We found 
�W�K�D�W���L�Q�F�O�X�G�L�Q�J�� �H�[�S�H�U�L�P�H�Q�W�D�O���V�\�Q�W�K�R�Q�V�� �K�H�O�S�H�G�� �L�G�H�Q�W�L�I�\�� �F�R�U�U�H�F�W���V�W�U�X�F�W�X�U�H�V���� �H�Y�H�Q�� �Z�K�H�Q�� �W�K�H�\�� �Z�H�U�H�Q�¶�W���W�K�H���O�R�Z�H�V�W 
in energy. This approach proved useful in predicting polymorphs of drugs. It also showed how CSP 
can guide pharmaceutical development by improving solubility and stability. Overall, CSP is a powerful tool, 
but combining it with crystal engineering concepts leads to better results. 

Because different DFT methods (with various corrections and approximations) yield different rankings, 
we first tested several methods on a small list of structures. We chose the method that moved structures 
containing experimental synthons to the top ranks and used it to optimize and rank all targets. 

In terms of computational time and cost, our group reported good results compared to other teams. 
Interestingly, even with very heavy methods, the correct crystal did not always appear among the top three 
for all targets as you can see in the data. 

Based on these findings, our group proposed using crystal engineering concepts especially synthon-
based filtering to highlight correct low-energy structures, even when they do not rank among the top three 
by energy alone. 

For example, we used the synthon approach to highlight likely structures in the CSP of N-halide 
phthalimides. Analysis of crystal structures of similar molecules in the CSD shows that halogen bonding 
type II is very important in these compounds. Based on this, we selected all low-energy structures that 
contained this synthon as likely candidates. The selected structures match the experimental ones. 

In another one of our papers, we used synthon modularity to predict pomalidomide polymorphs. 
Pomalidomide is a pharmaceutical compound. We studied the crystal structures of similar molecules 
in the CSD. These compounds have the same molecular skeleton. We observed three common synthons 
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in these crystals. They are shown in blue, green, and purple. Based on synthon modularity, we expected these 
synthons to appear in pomalidomide as well. We used these synthons to select likely structures. Our results 
showed that the selected structures matched experimental ones. 

From our papers, we learned that even with the most accurate methods, the correct structures 
�G�R�Q�¶�W�� �D�O�Z�D�\�V��appear in the top ranks. In such cases, we need a method to evaluate the likelihood 
of structures. We successfully used crystal engineering concepts, especially synthon modularity, to identify 
the most promising structures. 

This work was carried out within the framework of the RSF (project No. 19-72-30043). 
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�^�_�l�_�d�l�h�j�Z���>���@�����h�g���l�Z�d�`�_���f�h�`�_�l���i�j�b�f�_�g�y�l�v�k�y���\���d�Z�q�_�k�l�\�_���k�_�g�k�h�j�Z���\�e�Z�`�g�h�k�l�b���>���@ �b�e�b���^�e�y���i�h�d�j�u�l�b�y���Z�g�h�^�Z��
�\�� �e�b�l�b�c-�b�h�g�g�u�o�� �[�Z�l�Z�j�_�y�o�� �>���@���� �B�a�� �/�L2MoO4 �f�h�`�_�l�� �[�u�l�v�� �i�h�e�m�q�_�g�Z�� �d�_�j�Z�f�b�d�Z�� �i�j�b�� �d�h�f�g�Z�l�g�h�c��
�l�_�f�i�_�j�Z�l�m�j�_�����d�h�l�h�j�Z�y���b�k�i�h�e�v�a�m�_�l�k�y�����g�Z�i�j�b�f�_�j�����^�e�y���b�a�]�h�l�h�\�e�_�g�b�y���k�n�_�j���b�e�b���b�a�h�e�y�l�h�j�Z �\���Z�g�l�_�g�g�Z�o���>���� 6]. 

�G�_�k�f�h�l�j�y���g�Z���l�h�����q�l�h���f�h�e�b�[�^�Z�l���e�b�l�b�y���r�b�j�h�d�h���i�j�b�f�_�g�y�_�l�k�y, �^�Z�\�g�h���b�a�\�_�k�l�_�g �b �b�k�k�e�_�^�h�\�Z�g�u���f�g�h�]�b�_ 
�_�]�h�� �k�\�h�c�k�l�\�Z���� �\�� �e�b�l�_�j�Z�l�m�j�_�� �h�l�k�m�l�k�l�\�m�x�l�� �l�_�f�i�_�j�Z�l�m�j�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �i�Z�j�Z�f�_�l�j�h�\�� �_�]�h�� �j�_�r�_�l�d�b����
�d�h�l�h�j�u�_�� �l�j�Z�g�k�e�b�j�m�x�l�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �l�_�j�f�b�q�_�k�d�h�f�� �j�Z�k�r�b�j�_�g�b�b���� �b�a�f�_�g�_�g�b�b�� �i�e�h�l�g�h�k�l�b 
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�b���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �h�[�t�_�f�Z�� �f�Z�l�_�j�b�Z�e�Z���� �B�a�m�q�_�g�b�_�� �w�l�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�a�\�h�e�b�l�� �[�h�e�_�_�� �i�j�h�]�g�h�a�b�j�m�_�f�h��
�b�k�i�h�e�v�a�h�\�Z�l�v���/�L2MoO4 �\���k�h�k�l�Z�\�_���j�Z�a�e�b�q�g�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y���\���r�b�j�h�d�h�f���^�b�Z�i�Z�a�h�g�_���l�_�f�i�_�j�Z�l�m�j�� 

�F�h�g�h�d�j�b�k�l�Z�e�e��Li 2MoO4 �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�u�j�Z�s�_�g�� �\�� �B�G�O�� �K�H�� �J�:�G�� �h�j�b�]�b�g�Z�e�v�g�u�f�� �f�_�l�h�^�h�f��
�Q�h�o�j�Z�e�v�k�d�h�]�h�� �\�� �m�k�e�h�\�b�y�o�� �g�b�a�d�b�o�� �]�j�Z�^�b�_�g�l�h�\�� �l�_�f�i�_�j�Z�l�m�j�u���� �J�_�g�l�]�_�g�h�]�j�Z�n�b�y�� �/�L2�F�h�24 �\�� �i�j�h�p�_�k�k�_��
�g�Z�]�j�_�\�Z�� �i�j�h�\�h�^�b�e�Z�k�v�� �g�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�� �i�h�j�h�r�d�h�\�h�f�� �^�b�n�j�Z�d�l�h�f�_�l�j�_�� �5�L�J�D�N�X�� �8�O�W�L�P�D�� �,�9 
�F�� �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�c�� �d�Z�f�_�j�h�c�� �5�L�J�D�N�X�� �©�6�+�7-���������ª���� �&�XK�.-�b�a�e�m�q�_�g�b�_���� �j�_�`�b�f�� �j�Z�[�h�l�u�� �l�j�m�[�d�b��
40 �d�< / ������ �f�:���� �]�_�h�f�_�l�j�b�y�� ������ �g�Z�� �h�l�j�Z�`�_�g�b�_���� �i�h�a�b�p�b�h�g�g�h-�q�m�\�k�l�\�b�l�_�e�v�g�u�c�� �^�_�l�_�d�l�h�j�� �'-Tex Ultra. 
�I�h�e�b�d�j�b�k�l�Z�e�e�u�� �i�h�e�m�q�_�g�u�� �j�Z�k�l�b�j�Z�g�b�_�f�� �d�m�k�h�q�d�h�\�� �f�h�g�h�d�j�b�k�l�Z�e�e�h�\�� �\�� �d�h�j�m�g�^�h�\�h�c�� �k�l�m�i�d�_��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�_�j�_�^�� �w�d�k�i�_�j�b�f�_�g�l�h�f���� �b�a�f�_�j�_�g�b�y�� �i�j�h�\�h�^�b�e�b�k�v�� �\�� �\�Z�d�m�m�f�_���� �w�l�h�� �h�[�m�k�e�h�\�e�_�g�h�� �l�_�f�� 
�q�l�h�� �\�h�e�v�n�j�Z�f�Z�l�� �e�b�l�b�y�� �y�\�e�y�_�l�k�y�� �]�b�]�j�h�k�d�h�i�b�q�g�u�f�� �f�Z�l�_�j�b�Z�e�h�f�����B�g�l�_�j�\�Z�e�� �l�_�f�i�_�j�Z�l�m�j�� �k�h�k�l�Z�\�e�y�e�� �h�l�� ���� 
�^�h���������ƒC���� �r�Z�]�� �i�h�� �l�_�f�i�_�j�Z�l�m�j�_��30�q�K���� �^�b�Z�i�Z�a�h�g�� �m�]�e�h�\�� �k�d�Z�g�b�j�h�\�Z�g�b�y �g�_�� �f�_�g�_�_�� ���T = 5�±70�q, 
�r�Z�]�� �k�d�Z�g�b�j�h�\�Z�g�b�y 0.02�q���� �k�d�h�j�h�k�l�v�� �k�d�Z�g�b�j�h�\�Z�g�b�y�� ���±5 �]�j�Z�^���f�b�g���� �L�Z�d�`�_�� �i�h�e�m�q�_�g�Z�� �d�h�g�l�j�h�e�v�g�Z�y��
�j�_�g�l�]�_�g�h�]�j�Z�f�f�Z�� �^�h�� �b�� �i�h�k�e�_�� �g�Z�]�j�_�\�Z�� �\�� �d�h�f�g�Z�l�g�u�o�� �m�k�e�h�\�b�y�o�����I�h�k�l�j�h�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y��
�l�_�j�f�h�j�_�g�l�]�_�g�h�]�j�Z�f�f�� �i�j�h�\�h�^�b�e�h�k�v�� �\�� �i�j�h�]�j�Z�f�f�g�h�f�� �d�h�f�i�e�_�d�k�_�� �3�'�;�/-���� ���5�L�J�D�N�X�� �&�R�U�S�������� �d�Z�q�_�k�l�\�h��
�h�[�j�Z�a�p�h�\�� �d�h�g�l�j�h�e�b�j�h�\�Z�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �[�Z�a�u�� �i�h�j�h�r�d�h�\�u�o�� �^�b�n�j�Z�d�p�b�h�g�g�u�o�� �^�Z�g�g�u�o�� �3�R�Z�G�H�U��
Diffraction File (PDF-2, 2020). 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�e�m�q�_�g�u�� �l�_�f�i�_�j�Z�l�m�j�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �i�Z�j�Z�f�_�l�j�h�\�� �j�_�r�_�l�d�b���� �h�[�t�_�f�Z�� �w�e�_�f�_�g�l�Z�j�g�h�c��
�y�q�_�c�d�b�� �b�� �j�_�g�l�]�_�g�h�]�j�Z�n�b�q�_�k�d�h�c�� �i�e�h�l�g�h�k�l�b�� �\�h�e�v�n�j�Z�f�Z�l�Z�� �e�b�l�b�y���� �\�u�q�b�k�e�_�g�u���d�h�w�n�n�b�p�b�_�g�l�u �e�b�g�_�c�g�h�]�h 
�b���h�[�t�_�f�g�h�]�h���j�Z�k�r�b�j�_�g�b�y�����I�h���^�Z�g�g�u�f���l�_�j�f�h�j�_�g�l�]�_�g�h�]�j�Z�n�b�b, Li 2MoO4 �k�l�Z�[�b�e�_�g���\�h���\�k�_�f���b�k�k�e�_�^�m�_�f�h�f��
�l�_�f�i�_�j�Z�l�m�j�g�h�f���b�g�l�_�j�\�Z�e�_���b���g�_���b�k�i�u�l�u�\�Z�_�l���n�Z�a�h�\�u�o���i�j�_�\�j�Z�s�_�g�b�c�� 

  

 

�I�Z�j�Z�f�_�l�j�u���j�_�r�_�l�d�b����a�����b����c�����b���h�[�t�_�f����V) Li 2MoO4 
�\���b�g�l�_�j�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j��30�±�������ƒC. 

�J�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���n�b�g�Z�g�k�h�\�h�c���i�h�^�^�_�j�`�d�_���J�G�N�����i�j�h�_�d�l �‹������ -79-00070). 
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�K�H���K�L�J�M�D�L�M�J�H�C���R�?�?�E�B�L�: 

�<�����:�����F�h�j�h�a�h�\, �>�����<�����>�_�c�g�_�d�h, �;�����B�����E�Z�a�h�j�y�d 
�F�h�k�d�h�\�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���b�f�_�g�b���F���<�����E�h�f�h�g�h�k�h�\�Z 

morozov111vla@mail.ru 

(A�c, A�c�c)n[(B�c, B�c�c)O4]m (B�c, B�c�c = W  �b���b�e�b  Mo) �k�h�_�^�b�g�_�g�b�y�� �k�h�� �k�l�j�m�d�l�m�j�h�c�� �r�_�_�e�b�l�Z�� ��CaWO4) 
�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �\�� �d�Z�q�_�k�l�\�_�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �g�h�\�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �^�e�y�� �d�j�Z�k�g�u�o�� �e�x�f�b�g�h�n�h�j�h�\����
�k�\�_�l�h�^�b�h�^�h�\�����f�Z�l�_�j�b�Z�e�h�\���^�e�y���l�\�_�j�^�h�l�_�e�v�g�u�o���e�Z�a�_�j�h�\���b���e�x�f�b�g�_�k�p�_�g�l�g�u�o���l�_�j�f�h�f�_�l�j�h�\�����J�Z�g�_�_���o�Z�j�Z�d�l�_�j��
�m�i�h�j�y�^�h�q�_�g�b�y�� �d�Z�l�b�h�g�h�\�� �b�� �d�Z�l�b�h�g�g�u�o�� �\�Z�d�Z�g�k�b�c�� ���…���� �\��A-�i�h�^�j�_�r�_�l�d�_�� �r�_�_�e�b�l�Z�� �b�� �e�x�f�b�g�_�k�p�_�g�l�g�u�_��
�k�\�h�c�k�l�\�Z���[�u�e�b���b�a�m�q�_�g�u���^�e�y��Eu-�k�h�^�_�j�`�Z�s�b�o���n�Z�a���i�_�j�_�f�_�g�g�h�]�h���k�h�k�l�Z�\�Z�����N�I�K������NaxEu(2�±x)/3�…(1�±2x)/3MoO4 
[1, 2], AgxEu(2�±x)/3�…(1�±2x)/3WO4 �b��AgxGd(2�±x)/3�±0.3Eu0.3�…(1�±2x)/3WO4 [3].  

�I�h�y�\�e�_�g�b�_�� �b�� �m�i�h�j�y�^�h�q�_�g�b�_�� �d�Z�l�b�h�g�g�u�o�� �\�Z�d�Z�g�k�b�c���\��A-�i�h�^�j�_�r�_�l�d�_�� �N�I�K��Li xEu(2�±x)/3�…(1�±2x)/3WO4 
(LEWO) �b�a�m�q�_�g�u�� �\�� �d�Z�q�_�k�l�\�_�� �n�Z�d�l�h�j�Z�� �d�h�g�l�j�h�e�y�� �k�l�j�h�_�g�b�y �b�� �e�x�f�b�g�_�k�p�_�g�l�g�u�o�� �k�\�h�c�k�l�\�����<�� �k�i�_�d�l�j�Z�o��
�n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b�� ���N�E���� �\�k�_�o��Eu-�k�h�^�_�j�`�Z�s�b�o�� �\�h�e�v�n�j�Z�f�Z�l�h�\�� �g�Z�[�e�x�^�Z�x�l�k�y�� �l�h�e�v�d�h�� �i�h�e�h�k�u����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �i�_�j�_�o�h�^�Z�f��5D0 �± 7Fj (j = 0�±4) Eu3+ (�j�b�k�� 1). �<�� �h�l�e�b�q�b�_�� �h�l�� �j�Z�g�_�_�� �b�a�m�q�_�g�g�u�o
NaxEu(2�±x)/3�…(1�±2x)/3MoO4 �b��AgxEu(2�±x)/3�…(1�±2x)/3WO4, �N�E�� �k�i�_�d�l�j�u��LEWO �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �^�j�m�]�b�f��
�o�Z�j�Z�d�l�_�j�h�f �a�Z�\�b�k�b�f�h�k�l�b �b�g�l�_�g�k�b�\�g�h�k�l�b�� �i�_�j�_�o�h�^�h�\ �k�� �m�j�h�\�g�y 5D0 �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b���…���� �B�g�l�_�g�k�b�\�g�h�k�l�v
�i�_�j�_�o�h�^�h�\�� �m�\�_�e�b�q�b�\�Z�_�l�k�y �\�� �a �������� �j�Z�a���k�� �m�f�_�g�v�r�_�g�b�_�f x �h�l�� �������� �^�h�� ���������� �:�g�Z�e�h�]�b�q�g�u�c�� �o�Z�j�Z�d�l�_�j��
�a�Z�\�b�k�b�f�h�k�l�b���g�Z�[�e�x�^�Z�e�k�y���^�e�y��AgxGd(2�±x)/3�±0.3Eu0.3�…(1�±2x)/3WO4 �k���m�\�_�e�b�q�_�g�b�_�f���k�h�^�_�j�`�Z�g�b�y��Gd3+ [3, 4].

�J�b�k�������� �K�i�_�d�l�j�u���N�E��Li xEu(2�±x)/3�…(1�±2x)/3WO4 (�Z) �b���b�g�l�_�]�j�Z�e�v�g�Z�y��
�b�g�l�_�g�k�b�\�g�h�k�l�v���i�_�j�_�o�h�^�h�\ �k���m�j�h�\�g�y��5D0 (Eu3+) �h�l��x (�[) (���\�h�a�[�� � �����������g�f���� 

(3+1)-�f�_�j�g�u�c�� �g�_�k�h�j�Z�a�f�_�j�g�h-�f�h�^�m�e�b�j�h�\�Z�g�g�u�c�� �o�Z�j�Z�d�l�_�j�� �k�l�j�m�d�l�m�j��Li xEu(2�±x)/3�…(1�±2x)/3WO4 
(x = 0.286, 0.2���� �\�u�y�\�e�_�g�� �f�_�l�h�^�Z�f�b�� �j�_�g�l�]�_�g�h�\�k�d�h�c �b�� �w�e�_�d�l�j�h�g�g�h�c�� �^�b�n�j�Z�d�p�b�b���� �K�j�Z�\�g�_�g�b�_���N�E�� �k�\�h�c�k�l�\��
LEWO �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �j�Z�a�g�h�f�� �o�Z�j�Z�d�l�_�j�_�� �m�i�h�j�y�^�h�q�_�g�b�y���d�Z�l�b�h�g�h�\�� �b�� �d�Z�l�b�h�g�g�u�o�� �\�Z�d�Z�g�k�b�c 
�\��A-�i�h�^�j�_�r�_�l�d�_�� �r�_�_�e�b�l�Z�� �^�e�y��LEWO �b�� �j�Z�g�_�_�� �b�a�m�q�_�g�g�u�o�� �N�I�K���� �k�h�^�_�j�`�Z�s�b�o�� �l�h�e�v�d�h��Eu3+���� �A�Z�f�_�g�Z 
Na+

 / Ag3+ �g�Z��Li + �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �N�I�K Li xEu(2�±x)/3�…(1-2x)/3WO4���� �d�Z�d �b�� �\�� �k�e�m�q�Z�_ �a�Z�f�_�g�u Eu3+ �g�Z Gd3+ 

�\��AgxGd(2�±x)/3�±0.3Eu0.3�…(1�±2x)/3WO4�����i�j�b�\�h�^�b�l �d���j�Z�a�j�m�r�_�g�b�x���[�_�k�d�h�g�_�q�g�u�o���p�_�i�h�q�_�d��[EuO8]n �b���h�[�j�Z�a�h�\�Z�g�b�x��
�\�g�m�l�j�b���g�b�o���b�a�h�e�b�j�h�\�Z�g�g�u�o���d�e�Z�k�l�_�j�h�\���b�a���i�h�e�b�w�^�j�h�\��EuO8. 

�K�l�j�m�d�l�m�j�u��LEWO (x = 0.5�±0.2) �m�l�h�q�g�_�g�u�� �f�_�l�h�^�h�f�� �J�b�l�\�_�e�v�^�Z�� �i�h�� �k�b�g�o�j�h�l�j�h�g�g�u�f�� �^�Z�g�g�u�f����
�F�h�^�m�e�y�p�b�y �\���k�l�j�m�d�l�m�j�Z�o LEWO,�d�Z�d�� �b�� �\�� �k�l�j�m�d�l�m�j�Z�o��NaxEu(2�±x)/3�…(1�±2x)/3MoO4 �b��AgxEu(2�±x)/3�…(1�±2x)/3WO4, 
�\�h�a�g�b�d�Z�_�l���b�a-�a�Z�� �m�i�h�j�y�^�h�q�_�g�b�y�� �d�Z�l�b�h�g�h�\�� �b�� �\�Z�d�Z�g�k�b�c�� �\��A-�i�h�^�j�_�r�_�l�d�_�� �r�_�_�e�b�l�h�i�h�^�h�[�g�h�c�� �k�l�j�m�d�l�m�j�u��
���j�b�k��  2). �<�� �h�l�e�b�q�b�_�� �h�l�� �k�l�j�m�d�l�m�j�u��CaWO4���� �i�h�k�l�j�h�_�g�g�h�c�� �b�a�� �d�h�e�h�g�h�d�� �>�������±CaO8 �± WO4 �± �������@�� �\�^�h�e�v �h�k�b��c, 
�k�l�j�m�d�l�m�j�u AxR(2�±x)/3�…(1�±2x)/3BO4 (A = Li , Na, Ag;  B = Mo, W�����i�h�k�l�j�h�_�g�u���b�a���d�h�e�h�g�h�d [...�±(RO8/AO8) �± BO4 �±
...] �b���>������ �± �… �± BO4 �± ...] �b���h�l�e�b�q�Z�x�l�k�y���j�Z�k�i�j�_�^�_�e�_�g�b�_�f���d�Z�l�b�h�g�h�\��A / R �b���\�Z�d�Z�g�k�b�c�����H�^�g�Z�d�h���m�i�h�j�y�^�h�q�_�g�b�_��
�\�� LEWO �h�i�b�k�u�\�Z�_�l�k�y���b�g�h�c �n�m�g�d�p�b�_�c�� �f�h�^�m�e�y�p�b�b�� �a�Z�k�_�e�_�g�g�h�k�l�b�� �i�h�� �k�j�Z�\�g�_�g�b�x 
�k�� �^�j�m�]�b�f�b�� �N�I�K���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�l�b�h�g�u Eu3+ �j�Z�k�i�j�_�^�_�e�_�g�u�� �\�� �k�l�j�m�d�l�m�j�Z�o��LEWO �\�� �Z�]�e�h�f�_�j�Z�l�Z�o�� �^�\�m�o��
�l�b�i�h�\�����l�j�b�f�_�j�Z�o��[Eu3O20] �b���^�b�k�d�j�_�l�g�u�o���p�_�i�h�q�_�d���b�a�h�e�b�j�h�\�Z�g�g�u�o���d�e�Z�k�l�_�j�h�\���b�a���i�h�e�b�w�^�j�h�\��EuO8 (�j�b�k�� 3).
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